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L INTRODUCTION 

A. OBJECT AND SCOPE OF PRESEN'I' WORK 

Human infections with members of the family Heterophyi
dae Odhner, 1911, have been ob0 '"rved !n v;;.rious countries of the 
world such as Egypt, China, Japan (Heterophyes heterophyes); 
China, Japan, Korea, Formosa, Northern Siberia, and the Bal
kan states (Metagonimus yokogaicai). Craig and Faust (21) 
quote Khalil who says that "the worms of the genus HcterophyE!d 
are attached to the mucosa, at times lodged deeply in tlie crypts 
of the small bowel, where they produce a mild irritation accom
panied by colicky pains and mucous diarrhea, with production 
of excess mucous and a superficial necrosis of the mucous coat." 
Similar pathological findings and symptoms are observed in in
fections with Metagonimus yokogawai (21). On th<· basis o! 
their observations in man, cat'. and dogs experimentally infect
ed with two members of the genus Haplorchis (Haplorchis pu
milio Looss, 1899 [Monorchotrema taihokui Nishigori, 1924] and 
Haplorchis taichui [Nishigori, 1924] Chen, 1936) Faust and Ni
shigori (29) came to the conclusion that the position of 
these worms in the host tissues is similar to that of Metagoni
mus yokogawai. They thought that the pathological changes 
due to the presence of these flukes are so slight that their clinical 
importance is almost negligible. They further thought that 
these parasites are eventually <pontaneously expelled, thus free
ing the body from the worms, provided reinfection does not oc
cur. On the whole, human infection with heterophyid trema
todes was taken by them as a benign condition without much 
clinical significance, and believed to be confined exclusively in the 
small intestine of the host. 

Our findings have not been so. Our discoveries in connec
tion with human autopsies in the Philippines involving certain 
members of Heterophyidae including members of the genus Ha
plorchis, have been published in several installments (1 & 2a, b, 
c, d, and e) since 1935. It was then we first discovered that the 
eggs of these flukes can filter into the general circulation and 
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cause serious lesions in the heart, apparently ending in cardiac 
failure, and later founrl that they can cause lesions in the brain 
as well. These publi•he<i facts seem to have altered some of 
the previous views held by other investigators concerning the 
pathogenicity of at least certain members of this trematode 
family. And since our findings, as has been noticed, have awak
ened new amt greater :nterest in this group of trematodes, not 
only among the pure p .. rasitologists but among pathoiogisfa ant! 
clinicians, as well, it has appeared to us advisable to collect all 
our observations, which at present ar~ scattered in several sep
arate publications, in to one single monographic volume, for 
the convenience of workers in other countries who may be in
terested in the subject, or who ma:; want to amplify on what
ever start has been made in the Philippines. Additional data 
which we have gather:;d from new cases that have come under 
our observation since the publication of our last report will be 
included in this work. We have 1>lso decided to add our obser
vations ir ·~xperimentally infected laboratory animals (6a & b) 
and in naturally infected birds (2f & g) ; because in these in
vestigations we have accumulated interesting data that in our 
opinion would help us a great deal in elucidating our points and 
in presenting properly our findings as a whole in connection 
with the human host. This work, which has covered a period 
of nearly four years (1935-1938), has been done in the Institute 
of Hygiene, University of the Philippines, conjointly by the De
partments of Parasitology and Sanitary Bacteriology and Im
munolog-;, and has had grants-in-aid from the Board of Regents 
of the university. 

B. DEFINITION, NOMENCLATURE, AND SYNONYMY 

Hitherto, infection of both birds and mammals with mem
bers of Heterophyidae was believed to be confined exclusively 
to the intestine. Hence, to designate infection with members of 
this group of trematodes, the term heterophyidiasis, either with 
or without the prefix "intestinal" has been universally used. 
With our findings of adult flukes in the liver (2g) and pancreas 
(2f) in birds, and of eggs and a few adult flukes in the heart (1, 
2a & c), and of eggs alone in the cerebro-spinal system (2b & d), 
liver, spleen and lungs (2a & c) in man, this simple designation 
of the infection will no longer be satisfactory. It is, therefore, 
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proposed to use the term heterophyidiasis only whenever it is the 
intention to convey the meaning of the infection without refer
ence to any particular organ infected, and to qualify the term 
with the prefix "intestinal," whenever it is meant that the infec
tion is confined to the intestine alone (either in its WP.ii or in its 
lumen) ; and with the prefix "visceral" whenever the infection 
referred to involves one or more visceral organs. Owing to the 
extensive distribution of the parasites ,n man, ,,;1ich may con
sequently give rise, logically, to great variations in symptomato
logy, the visceral infection may be further divided into several 
types named appropriately after the organ or combination of 
organs that receives the brunt of the infection with the cor
respc;1ding symptoms or symptom-complex. Thus, infection c1 
the heart may be called cardiac heterophyidiasis ; of the brain, 
cerebral heterophyidiasis; of the brain and spinal cord, 
cerebro-spinal heterophyidiasis; of the liver, hepatic hetero
phyidiasis, etc. In one of the human cases of cardiac failure 
pres~mab1y due to this infection reported in this work, 
eggs were found in the liver, lungs, and spleen, besides in 
the myocardium and mitral valve; while in another heart-failure 
case, the same were found in the myocardium as well as in the 
spinal cord, and were found associated with lesions characteris
tic of heterophyidiasis. Thus, cases of visceral heterophyidia
sis, involving a multiplicity of organs and giving a large variety 
of symptoms, may be recognized in the future in a large enough 
number to justify the use of such a term as "general heterophyi
diasis," just as the term "general paragonimiasis" is now used 
to designate a general infection with che lung fluke. 

Following the dictum established by the Committee on Ter
minology of the Ame!"ican Parasitologists (81) regarding this 
matter, the term "infection" instead of "infestation" and "in
fected" instead of "infested" we will consistently use through
out this work in connection with the invasion of the host by 
the parasite and the subsequent establishment of the parasite in 
the host body. 

In a critical review of the various members of the sub
family Haplorchinae, Chen (16c) came to the conclusion that 
the sub-family Monorchotreminae and the genus Monorchotre
ma should fall into synonymy with the sub-family Haplorchinae 
and the genus Haplorchis, respectively, as priorly pointed out by 
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Witenberg (90a & b), since Monorchotrema taihokui Nishigori, 
1924, was found to be identical with Haplorchis pumilio (Looss, 
1899). In accordance 'l\ith this view Monorchotrema taichui 
Nishigori, 1924, Monorchotrema yckogawai Katsuta, 1932, and 
Monorchotrema calderoni Africa and Garcia, 1935, should now, 
as the correct names of these species. stand as Haplorchis taichui 
(Nishig'ori, 1924) Chen, 1936; Hap!orchis yokogawai (Katsuta, 
1932) Chen, 1936; and Haplorchis calderoni (Africa and Gar
cia, 1935) Africa 1938 (6c), respectively. 

Prior to the appearance of Chen's paper (16c), there was 
no available description of Haplorchis yokogawai (Monorchotre
ma yokogawai) except in Japanese. Upon reading Chen's clear 
description of this trematode in English, one -0f us (6c) realized 
that the fluke we had assigned to Monorchotrema taihokui (Ha
plorchis pumilio) and erroneously given this name in all our pre
vious publications in heterophyidiasis should have been assigned 
to the former species, instead. This view was confirmed when 
our material was compared with paratypes of Haplorchis yoko
gawai kindly furnished by Professor Chen, from Canton, China. 
The Philippine specimens have been found identical in all essen
tials with the Chinese material. Comparison was also made 
with the one specimen labeled Monorchotrema yokogawai fur
nished by Professor Y okogawa from Formosa; and this speci
men was likewise found identical in essentials with the Philip
pine material. Chen (16c) previously had declared that the 
Chinese and Formosan specimens are identifiable as of the same 
species. When furnished with several mounted specimens of 
our local material, he declared in a personal communication to 
us that tliey clearly belong to Haplorchis yokogawai. 

With regard to Haplorchis taichui, a careful comparison of 
the Philippine specimens assigned to this species with paratypes 
kindly furnished by Professor S. Yokogawa from Formosa and 
Professor Chen from Canton, has disclosed no significant dif
ferences between the Philippine and foreign specimens. Profes
sor Chen who has examined several mounted Philippine speci
mens of this species stated in a personal communication that the 
Philippine and Chinese materials are identical. Several speci
mens of Haplorchis taichui were received from Palestine, through 
the courtesy of Professor G. Witenberg of the Hebrew Univer
sity, Jerusalem, and upon comparison of this material with the 
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local specimens, again no difference between the materials com
pared could be elicited. On the basis of this observation, it is 
believed that this Philippine trematode can be correctly assigned 
to Haplorchis taichui (Nishigori, 1924) Chen, 1936. 

Heterophyes brevicaeca Africa and Garcia, 1'935, has been 
determined by Tubangui and Africa (83) to be a Microphallidae 
instead.of a heterophyid, and hence redescribed and renamed by 
these authors Spelotrema bre1:icaeca. The position of Spelotre
ma and related genera in the scheme of classification of the tre
matodes has been a matter of uncertainty. Some writers have 
classified them together with Microphallus, Maritrema and Mo
nocaecum under the sub-family Microphallinae of the Hetero
phyidae; while others have removed these different genera from 
the heterophyids and placed them in a separate family, the Mi
crophallidae. According to Mueller and Van Cleave (62), how
ever, "until the detailed morphology of Livenseniella, Spelotre
ma, Spellophalus, Monocaecum and Maritrema has been deter
mined as compatible with that of Microphallus, these genera 
should be excluded from Microphallidae, though Poche (1926: 
151) has attempted to relate them to the sub-family Microphal
linae". 

Diorchitrema pseudocirrata Witenberg, 1929, is, according 
to Alicata and Chattenburg (8), synonymous with Stellantchas
mus falcatus Onji and Nishio (1924). We have not had the op
portunity to compare the specimens we have assigned to Dior
chitrema pseudocirrata with any of Onji and Nishio's original 
specimens but comparison of our typical specimens with Katsu
ta's (46b) text figure of Stellantchasmus amplicaecaUs seems to 
bear out Alicata's contention. Dr. Alicata saw our material and 
compared it with his specimens of Stellantchasmus falcatus which 
he recovered from a Japanese in Hawaii, and he declared that the 
two materials are identical. Dr. E. W. Price saw our specimens 
of Diorchitrema pseudocirrata, and he likewise declared that our 
material is identical with Stellantchasmus falcatus. By right of 
priority, therefore, Diorchitrema pseudocirrata should fall into 
synonymy with Stellantchasmus falcatus. 

C. HISTORY OF THE DISCO:VERY 

In the early months of 1935, two of us (C.M.A. and E.Y.G.) 
decided to find out what percentage of our dogs were infected 
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with Echinococcus granulosus, because about ten years previous
ly de Leon and Leiva (50) reported the occurrence of a unilo
cular hydatid cyst in the lung of a native Filipino. In accord
ance with this program the small intestines of a large number 
of street dogs caught in Manila and environs were examined fo!' 
the presence of this tapeworm. As this tapeworm is rather mi
nute in size it was thought that in order to facilitate its finding 
the intestinal mucosa should be scraped, comminuted thoroughly 
in water, and the mixture passed through a series of sieves with 
from 20 to 100 meshes per linear inch, and the sieved material 
examined minutely for its presence. Instead· of encountering 
this tapeworm, a large number of minute trematodes of various 
forms, which were easily recognized as members of the. family 
Heterophyidae, were found one after another in rapid succession 
in the mucosa! scrapings. Since no member of this family was 
hitherto reported in mammalian vertebrates in the Philippines, 
this finding excited considerable local zoologic interest. The 
search for Echinococcus was naturally abandoned and the whole 
interest focussed on this interesting group of trematodes. 

Besides several new forms, two species of Monorchotrerna 
thought to be identical with Monorchotrema taichui and Monor
choti-ema taihokui which Nishigori (66) described from dogs and 
birds (Nyctfoorax nycticorax and lllilvus migrans) in Formosa, 
and Dio1·chitrema pseudocirrata which Witenberg (90a) de
scribed from dogs in Palestine, were recovered from the small 
intestines of a large percentage of the dogs examined. Know
ing that infections with this group of trematodes are contracted 
by eating fish in the raw or semi-cooked state, we suspected at 
once the presence of these flukes in the small intestine of our 
human population in view of·the prevalence of raw fish-eating 
in many sections of the country. Through the courtesy and 
kindness of the Head of the Department of Pathology and Bae
teriology, College of Medicine, U. P., we were able to examine 
the small intestine of persons autopsied in the Manila City 
Morgue, which serves mainly the Philippine General Hospital. 
The latter institution, which in fact is the government's insular 
hospital, admits patients not only from Manila but from all over 
the Philippines. Our curiosity was amply rewarded in a short 
time by finding not only Monorchotrema taichui and Diorchitre
ma pseudocirrata, which we previously recovered from dogs, but 
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also an apparently new trematode parasite of the human intes
tine even before our tenth autopsy. The first two flukes were 
recovered from the small intestine of an adult Filipino, native of 
Leyte Island, but residing in Manila at the time of his death, due 
to acute cardiac dilatation; the last from the small intestine of 
an adult male Filipino, native of La Union, Northern Luzon, but 
residing in Manila at the time of his death, due to the same cause. 
A short time later Uonorchotrema taihokui* was recovered from 
an old man from the Visayas. 

After 108 nearly consecutive autopsies had been made, we 
were able to show, besides members of other groups of trema
todes (Plagiorchis and Echinostoma), heterophyids of one form 
or another, or in combination of two or three species, as reco
vered from 9 of the cases. 

Although we were interested only in a zoologic way, never
theless our curiosity was aroused when we noted that out of the 
9 cases from which heterophyids had been recovered, 6 had dieci, 
according to the morgue protocols, of either cardiac beriberi or 
acute cardiac dilatation. Besides this interesting observation, 
we had noted previously in our dog autopsies that the flukes 
could still be recovered from the intestinal wall even after seve
ral scrapings had been made, a fact which indicated to us a deep
seated parasitism of these flukes in this organ; we were im
pressed by the minute size of the eggs of these flukes (some 
eggs being only about two times as large as the erythrocytes), a 
fact which suggested to us the possibility of these eggs' filtering 
into the lymphatic and blood streams; we failed to demonstrate 
eggs in the fecal contents of the cadavers by the ordinary smear 
method, and had had the same experience in our previous dog 
autopsies, no matter how large the size of infection. Moreover, 
we had found in sections of dog intestine dead flukes undergo
ing disintigration, leaving all the egg contents in situ in the sub
mucosa. We noted further that only one of these nine human 
cases did not come from sections of the Philippines where the 
eating of raw fish is extensively practised as an established habit. 

Although deeply impressed by these observations, we enter
tained only a faint suspicion of a casual relationship between the 
presence of these flukes in the intestine of these six cases and 

*This fluke was later identified as Haplo·rchis (Mmzorchotrema) yo-
1logt&•IJ(1i. 
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the heart condition observed in them, because to us these facts 
then seemed totally unrelated. There was a deep rooted belief 
in us that the heterophyid trematodes were more or less inof
fensive parasites of the small intestine, and to connect their pres
ence. in this organ with heart failure seemed fantastic. But 
the idea persistently challenged our attention; the clues literally 
danced before our thought, demanding attention, until we could 
not well ignore them. Pressed by the idea that since the eggs 
of these flukes could not be demonstrated in the fecal contents 
of the cadavers, they must be present elsewhere in the body, we 
decided at least to make further investigations; and since of all 
the organs the heart seemed to be the seat of trouble, we con
centrated our attention to this locality for the possible presence 
of ova, or to find out at best what was wrong with it. 

The autopsies had been performed some months before we 
came to our decision to do something more. Fortunately we 
were able to retrieve, one after another, five of the six suspected 
hearts from the pickling jars in the Museum of the Department 
of Pathology and Bacteriology, through the courtesy and kind
ness of its staff. Our next move was to ascertain the presence 
of eggs in these hearts. A large number of histological sections 
were made from cuts obtained from different parts of the first 
of the five hearts that were retrieved. After a prolonged search, 
no eggs were found. However, we knew that we were not deal
ing with a bacterial infection, or a toxic condition in which the 
effects are expected to be registered generally in the entire or
gan. We were aware that in helminthic infections the parasites 
or the effects of their presence are usually localized. Our prob
lem then was to strike the particular locality infected. The prob
lem, in fact, was to explore the whole organ. 

Working under the information that the shell of trematode 
ova is believed to be made up of chitin material, and as such, in
digestible, large strips of muscles from suspected spots of the 
heart were carved out, ground to pieces and artificially digested 
with artificial gastric juice at 40°C. When the fluid. from the 
mixture was centrifugalized after sieving, heterophyid eggs, 
some still intact, others crinkled and still adhering to undigested 
muscle fibers, and still others broken to pieces, were found in 
the sediment. As at that time we were handling specimens of 
these flukes in our laboratory the possibility that those eggs we 
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found in the sediment were ei..1:raneous ones and did not come 
from the digested heart muscles was entertained. New centri
fuge tubes and glass containers were, therefore, ordered direct 
from the store room and great care was taken to forestall any 
possibility of contamination. Eggs were again found in the 
sediment. 

The presence of eggs having been determined in the first of 
the suspected hearts, histological sections were prepared from it 
and examined. After prolonged search, eggs were found in the 
histological sections this time, and what was most encouraging 
and interesting, these eggs were found to be associated with se
rious injuries in the form of embolism, capillary hemorrhages, 
and infarctions, not only in the myocardium but also in the sub
epicardial tissue. Identical findings resulted from the examina
tion of the rest of the suspected hearts, except the sixth. The 
sixth heart, we were unable to deal with since it could not be 
produced. 

Upon submitting those five hearts to further exploration we 
discovered in different parts of the myocardium more chronic 
lesions apparently specific in character or peculiar to this infec
tion. Heterophyid eggs could almost invariably be found to be 
associated with these lesions. Degenerative changes with eggs 
fossilized in the calcified areas were also discovered. Two hearts 
labeled ''beriberic'', donated to us by the Department of Patholo
gy and Bacteriology from its museum, were revealed to be posi
tive also for heterophyid eggs under identical conditions. In 
both these hearts, the mitral valves were sclerosed, and eggs in 
large numbers were seen fossilized in the calcified matter in the 
interior of the valvular leaflets, changes which had been ob
served also in one of our first five cases. Cases with similar re
velations liave, since then, been noted from time to time in sub
sequent autopsies, up to this writing. 
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II. REVIEW OF THE LITERATURE 

A. SURVEY OF LOCAL TREMATODES 

1. NON-HETEROPHYID TREMATODES 

According to Musgrave (64) trematode infections, next t() 
protozoan diseases, are the most important parasitic conditions 
to be met with by medical men in the Philippines. This state
ment was evidently inspired by the discovery of the endemicity 
of schistosomiasis japonica in the Islands by Woolley (91) in the 
previous year and the subsequent finding by himself of a large 
number of cases of this disease both at the clinic and autopsy 
table; and by his own (Musgrave's) discovery of 17 authocto
nous cases with 8 autopsies of Paragonimus westermanni in
fection. In addition to these two important trematode infec
tions, Musgrave mentioned 18 cases of Opistorchis sinensis (pro
bably referring to Clonorchis sinensis) infection, one infection 
with Opistorchis noverca ( ?) Braun in a Chinese, and one autop
sy case, each of what he suspected were Fasciola hepatica and F. 
gigantica infections. 

That schistosomiasis, as predicted by Woolley (91) would 
be proved endemic in the Philippines and that it would be found 
in increasing number among the native population as the years 
go by has been amply demonstrated by the reports of Garrison 
(36a), Strong (78), Crowell and Hammack (22), Willets (89), 
Mendoza-Guazon (59) and Africa and Garcia (4a). Further 
confirmation of its endemicity followed Tubangui's work (82a), 
which incriminated Blanfordia quadrasi Mellendorf as the mol
luscan host of S. japonicum in the Philippines. It is 
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generally belie\·ed that in this country this trematode dis
sease is largely confined to the islands of Leyte and Samar, at 
present, although there are indications of its spread to other 
areas.* 

To judge from Musgrave's report (64), in which 17 cases 
of paragoniniiasis were collected in less than one year from 
wic:dy diffcre;•t points in the country, this di~ease must be fair
ly common among the natives. In fact, he said that the dis
covery of this number of cases in less than one year by one ob
server did not, in his opinion, indicate any exacerbation of the 
infection nor any change in the class of available material, but, 
in his belief, was due to a closer observation and study of that 
which was at hand. Musgrave was at the time dean of the 
Government Medical School. However, it is interesting to note 
that in spite of the tremendous growth of hospital facilities and 
more extensive practice of autopsy that have developed in the 
cnuntry since Musgrave'E administration, not to mention the in
crease in the number of workers on tropical diseases, nn one 
later seems to have had the same experience that Musgravto had. 
Cases of this infection are from time to time noted in hospitals 
and in private clinics, but they are few and far between. In a 
little less than two decades of microscopical work in an institu
tion connected with the Philippine General Hospital, the largest 
in the Philippines and serving the whole archipelago, one of U3 

(C. M. A.) came across only four cases of clinical paragonimia
sis, which were referred to him by private physicians. Our 
colleagues in the Manila City Morgue, which also serves this 
hospital, claim a similar experience. There is no doub~, how
ever, that paragonimiasis is endemic in this country, although 
the foci of endemicity, unlike in the case of schistosomiasis, have 
not been determined nor the molluscan and crustacean interme
diate hosts of the fluke worked out. 

Although Musgrave expressed intention in his paper r~ 
ferred to above to publish something on his human material 
involving Opistorchis sinensis (Clonorchis sinensis), Opistorchis 
noverca, Fasciola gigantica and F. hepatica, there seems to be 
no publication by him on these subjects available either in local 
or foreign literature. It is to be regretted that he also failed tQ 

*.Recent un11uhl~sh~d findings of Dr. Marcos Tubangui of the Bureau 
!'f Science, Manila. md1cat~ that schistosomiasis japonica is also endemic 
m Agusan and Surigao, Mindanao, and in Mindoro. 
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mention, except in the case of Opistorchis noverca, whether his 
subjects were indigenous natives or foreign orientals who estab
lished their residences in the Philippines. The endemicity of 
clonorchiasis in the Philippines is still questionable since so far 
as is known this infection is limited to the membP.rs of the Chi
nese community. Although a large number of the Philippine 
Chinese population are native born, many of them make !)eriodic 
visits to the land oi their forebear~. One. of ..is (C. :M. A.) has 
on quite a number of occasions during the last nineteen years 
come across eggs of Clonorchis in the feces of patients referred 
to him by private physicians in Manila, but in all cases the sub
jects were Chinese who had resided in China. With regard to 
O:i>istorchis infection there is no doubt that it is endemic i:-. the 
Philippines since Wharton (88) reported a species of this genus 
which he described as a new form (Opistorchis wardi) occurring 
in the bile ducts of 50 per cent of cats dissected in the College of 
Medicine, U. P., in Manila. Musgrave was probably dPa!ing 
·Nith this species when he referred to Opistorchis noverca. The 
same is true with Fasciola hepati~a and Fasciola gigantica in
fections, since both flukes are common in the bile ducts of na
tive cattle slaughtered in the public abbatoir in the same city. 
The endemicity of fascioliasis has been further confirmed by .de 
Jesus (44) who has implicated Lyinnea philippinensis as the mol
luscan host of Fasciola hepatica in this country. So far as 
known, however, not a single case of fascioliasis in man has 
been reported in the Philippines. 

That Opistorchis'infection is also present among the human 
population seems to be indicated ·oy the results of Garrison's 
(36a) fecal examination of 4,106 prisoners in Bi!ibid Prison, 
among whom he found 11 infections of this trematode. Five·of 
these eleven prisoners with Opistorchis were native Filipino.~, 
five were Chinese, and one was a Japanese. However, in the 
light of present development which indicates that heterophyid 
_infections occur among the human population in this country 
with relative frequency, the possibility that Garrison was deal
ing with eggs of the latter group instead of opistorchid ova in 
at least a proportion of his cases cannot be ruled out, because 
the ova of these two groups of trematodes are very similar both 
in size and in shape, although our experience seems to indicate 
that the eggs of heterophyids are harder to detect in the stool :Jf 
infected persons than are those of the opistorchids. 
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About three decades ago Garrison (36b) discovered a new 
trematode from the intestine of an Ilocano prisoner in Bilibid 
Prison, Manila which he named Fa.~cioletta ilocana, now called 
Euparyphium ilocanum. Subsequent examination of the stools 
9f over 5,000 native inmates of this prison representing all parts 
of the islands showed only five infections with this fluke. Sig
nificantly, all five of the infected persons came from the north
western provinces of Luzon, and two of them including the one 
from whom the worms were obtained, had lived all their life in 
the province of Ilocos Sur. Accordingly, Garrison opined that 
the parasite may not be equally distributed throughout the Is
lands. Subsequent unpublished observations by us and other 
observers seem to bear out Garrison's opinion, and now this in
fection is generally believed to be confined to the Ilocanos. We 
have on various occasions met with this infection both in autop
sy cases and in routine examination of feces of patients in the 
Philippine General Hospital; but in all cases the subjects were 
from the Ilocano provinces except one, who was from Zambales, 
a province closely adjacent to the south of the former with a 
large number of Ilocano elements. Primarily a rat parasite, "its 
life cycle, elucidated by Tubangui and Pasco, explained its 
occurrence only in the Ilocano, for the cercariae after escaping 
from the first intermediate host, Gyraulus prashadi, penetrate 

·into and encyst in various kinds of snails, including Pila luzonica, 
which is habitually eaten raw by the Ilocano but not by other 
Filipinos" (15). The pathogenicity of this trematode is con
sidered nil at least for the present. Chen (16a & b) states that 
this fluke is present in 13.5 per cent of native dogs and cats in 
Fukien and Canton, China, so that its distribution is apparently 
not strictly confined to the Philippines. 

A lone case of Plagiorchis sp. infection was recorded in the 
Philippines by Africa and Garcia ( 4d). Several specimens of 
this fluke together with Heterophyes brevicaeca (Spelotrema 
brevicaeca) were recovered at autopsy from the intestinal scrap
ings of an Ilocano subject, who, as far as could be determined, 
had never been out of the country. This infection is the first 
in this genus ever reported in man. In this connection, l\Icl\Iul
len (58) working in the United States apparently succeeded in 
establishing a human infection with Plagiorchis muris by feed
ing the latter with metacercariac found in Stagnicola ·emargina-
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ta.. This author observed precocious development of the cer
cariae into metacercariae without leaving the sporocyst in Plag
iorchis muris and P. proximus, although the usual second inter
mediate hosts of these flukes are aquatic insects. Because raw 
snails are habitually eaten by the Ilocanos, as pointed out above, 
and the grub* of an unidentified aquatic insect is considered a 
delicacy in certain parts of Central Luzon (4d) more infections 
with this trematode are likely to occur in these sections of Phil
ippine population. 

Human infectioµ with Fasciolopsis buski has been, although 
rarely, encountered in the Philippines, but in every instance so 
far as we could gather from private physicians who handled 
these cases, the patient has been a Chinese, who probably con
tracted his infection abroad. At least there is no authentic rec
ord yet of this infection among native Filipinos. Schwartz (74) 
reported eggs of this fluke in the stool of several Chinese in 'the 
town of Jolo, Sulu Archipelago, P. I.; but it is not definitely 
kno'\'l'll whether the infection was contracted locally or in China. 
Extensive search for this fluke in native pigs slaughtered in 
Manila has so far failed. Most likely this trematode infection 
like clonorchiasis, is not endemic in the Philippines. However, 
the possibility of the eventual spread of these two trematode in
fections to the Philippines should be considered because this 
country has perhaps one of the richest and most varied fish and 
molluscan fauna in the world. Since a variety of Eliocharis, an 
edible equatic plant in which the metacercariae of Fasciolopsis 
encysts, is present in this country, the possibility of the intro
duction of fasciolopsiasis here should always be kept in mind; 
and even if such a plant is lacking here, the lack cannot be taken 
as a safeguard against the introduction, since the metacercaria 
of this fluke encysts in other aquatic plants as well. 

Refuerzo and Garcia (73b) described a new species of Neo
diplostomum (N. Larai) from the cattle egret. That the para
sitic fauna of the Philippines is exceptionally rich in trematodes 
may be appreciated from the work of Tubangui (82b.), in which 
he listed 65 species of flukes belonging to the sub-class Digenea 

• The grub of an unidentified insect called by the natives of Central 
Luzon "Kamamaro" which lives in rice paddies is considered by the natives 
a delicacy in this region. 
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distributed among 57 genera and representing 24 families. Of 
these 66 species, 37 were either new or just recently described 
by this author. 

2. HETEROPYID TREllATODES 

Although. the Philippine Islands lie in the bosom of the 
Orient where a large number of heterophyid trematodes have 
been known for a long time to occur as natural parasites of 
man and other fish-eating mammals, as well as of birds, yet 
knowledge of this group of parasites infecting mammals is new 
in this country. Prior to 1935 when Africa and Garcia (4b 
& c) began to find members of this group in the intestines cf 
dogs and later of man (lb) at autopsy, the only members of the 
family Heterophyidae known to occur in the Islands were Phagi
cola pithecophagicola described by Faust (28b) from the intestine 
of monkey-eating eagle (Pithecophaga jeffenji), Haplorchis an
guillamm described by Tubangui (82b) from the intestine An
guilla mauritiana, and Scaphanocephalus adamsi (82b) repre
sented by some immature forms encysted in the fins and under 
the scales of Lepidaplois mesothorax. After a restudy of the 
original material, Tubangui and Africa (83) have agreed with 
Chen (16c) that Haplorchis anguillarztm does not belong to the 
genus Haplorchis Looss, 1899, and should be assigned to the 
genus Galactosomum Looss, 1899, to which this parasite has 
closer affinity. Africa and Garcia (4b & c) described five new 
members of the family Heterophyidae: (1) Heterophyes expec
tans (2) Stictodora manilensis, (3) Apophallus eccentricus and 
(4) Monorchotrema· calderoni from the small intestine of dogs, 
and (5) Heterophyes brevicaeca from the small intestine of man, 
all as natural infections. On account of a number of morpholo
gical features which separate Heterophyes expectans from the 
established members of the genus Heterophyes, as pointed out 
by the authors in their original descriptions of this fluke, which 
Tubangui and Africa (83) consider to be of more than specific 
importance, the latter authors have proposed the new genus He
terophyopsis * for this trematode. More recently Yamaguti 

*The creation of genus Heterophyopsis by Tubangui and Africa (1938) 
for the reception of Heterophyes expectans Africa and Garcia, 1935, brings 
to two the number of genera of the family Heterophyidae which have a 
ventral sucker independent of the genital sac, the other being the genus 
Heterophyes which heretofore was the only genus having the genital sac 
independent of the acetabulum. 
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(92) erected the genus Pseudoheterophyes for the reception of 
Heterophyes continuus Onji and Nishio, 1924, which he rightly 
believes does not belong to the genus to which it was assigned, 
just as Tubangui and Africa believe Heterophyes expectans 
should be given a generic status. Since Heterophyes continzms 
and Heterophyopsis expectans appear to be morphologically 
identical, and since the creation of the genus Heterephyopsi;; 
antedated that of Pseudoheterophyes, Heterophyopsis should 
stand as the . accepted name of the genus. In this connection 
we should like to point out that when Heterophyes expectans 
was described from dogs in Manila its authors were unaware of 
the existence of Heterophyes continuus of Onji and Nishio. It 
is interesting to note that both materials were assigned to the 
same genus quite independently. In the same paper as has been 
pointed out previously, Tubangui and Africa have decided that 
Heterophyes brevicaeca is not a Heterophyidae but a Microphalli
dae, and consequently assigned it to the genus Spelotrema, to 
which, they think, it is more closely affiliated. 

Besides these new heterophyids, three more members cf 
this family which could not be differentiated from Monorchotre
ma taichui Nishigori, 1924 (Haplorchis taichui), M. taihokui 
Nishigori, 1924 (Haplorchis pumilio, 1899) and Diorchitrema 
pseudocirrata, respectively, were encountered in the Philippines 
as natural infection in both man and dog. (4b). Lately, as 
pointed out previously, it was realized that the species we as
signed to Monorchotrema taihokui (Haplorchis pumilio) should 
have been· assigned to Monorchotrema yokogawai (Haplorchis 
yokogawai) instead. However Haplorchis pitmi"lio is also pre
sent in the Philippines, as shown by the finding of this hetero
phyid in experimental kittens and pups fed with certain species of 
both fresh-water and marine fishes such as Ophicephalus stria
tus, Glossogobius giurus and Ambassis buruensis and others 
(85b). 

Garcia and Refuerzo (34) further enriched the Philippine 
heterophyid parasitic fauna by finding two more species of Stic
todora. One was described as a new species (Stictodora guer
reroi) from the small intestine of both dogs and sea-gulls (Larus 
ridibundus) as natural infection, and the other, which was re
covered from the intestine of dogs alone, is believed to be iden
tical with Stictodora sawakinensis Looss, 1899. Refuerzo and 
Garcia (73c) also_ described a new species of the genus Pygi-
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diopsis from the small intestine of a white-breasted sea eagle, Ha
liaetres leucogaster (Gmelin), which they named Pygidiopsis 
marivillai. 

Africa, de Leon, and Garcia (2f) reported the occurrence 
of huge collections of eggs in the pancreas of Larus ridibundus 
presumably those of Stictodora spp. found parasitising the small 
intestine of this bird. Similar findings, although involving an
other organ (liver), were made by the same authors (2g) in 
cattle egret (Bubulcus ibis coromandus Boddaert). Dissection 
of a considerable number of this bird showed that more than 
fifty per cent of them harbored intestinal infection of Monor
chotrema (Haplorchis) spp. either Monorchotrema (Haplor
chis) yokogawai, or Monorchotrema (Haplorchis) taichui or 
both. A small proportion of the dissected birds showed exten
tion of the infection by the adult worms in the bile ducts but 
none in other organs. These findings are specially interesting 
because according to Witenberg (90a) one of the main differ
ences between the family Heterophyidae and the family Opistor
chidae is that the former parasitise the intestine, while the lat
ter are found in the bile ducts of the final host. 

Two more members of the family Heterophyidae were added 
to the growing list of Philippine trematodes when Africa (6c) 
described two new species of the genus Haplorchis; namely, 
(1) Haplorchis vanissima recovered from the intestinal scrap
ings of an adult male Filipino, native of Bohol island, who was 
autopsied in the Manila City Morgue, and (2) Haplorchis sisoni 
recovered from the small intestine of various laboratory animals 
fed with metacercariae obtained from Therapon plumbeus 
(Kner). In the same paper, the author recorded the finding of 
Haplorchis calderoni (Monorchotrema calderoni), previously 
described as from the dog, as a natural parasite of man also, 
thus rounding a total of five heterophyids naturally infecting 
man in the Philippines; that is, if Heterophyes brevicaeca is 
really not a heterophyid but a microphallid as posited by Tu
bangui and Africa (83). 

The metacercariae, particularly those of the heterophyids, 
of our fishes-fresh-water, brackish water, and marine
were likewise practically unknown. Preliminary examination <'f 
only half a dozen of· our common fishes has shown that they are 
heavily infected with various forms of metacercaria, of the 
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family Heterophyidae, judging from the results of feeding ex
periments in which animals fed with a single species of fish were 
found to yield as many as eight different species of hetero
phyids (85a). Further work by the same authors (85b) in
criminated ten more Philippine fishes as second intermedfa:'" 
hosts of heterophyid trematodes, bringing the total number of 
our fishes so far known to contain heterophyid metacercariae to 
sixteen. 

Members of other trematode families have also been reco•.-
ered from experimental animals fed with metacercariae from 
several species of Philippine fish; namely, one echinostomatid 
and one strigeid, represented by Echinochasmus novalichese1:sfs 
Tubangui, and an unidentified Neodiplostomum, respectively. 

Judging from these preliminary findings, the Philippine.s 
bids fair to be designated in the future as the paradise of he
terophyid trematodes, and consequently of students of this group 
of flukes. And it may well be that this country should be:i.r 
such a designation; because the Philippines has, perhaps, 
the richest and most varied fish (41a & b) and molluscan 
(27) fauna in the world. In the preface of his book (Cata!ogo 
de la Fauna de Filipinas-Moluscos y Radiados) Fray Elera 
(27), referring to the molluscan fauna of the Philippines, says: 
"La malacologia de estas Islas ha sido siempre tenida como una. 
de las mas abundantes y variadas de! universo, y sus especies, 
muchas pecu!iares y exclusivas, notables por su forma, tamafio 
y coloracion. La situacion geografica de! Archipelago, su clima. 
con una temparatura elevada y bastante uniforme, sus extensas 
y variadas costas y la abundancia de la vegetacion y de lluvias 
son circumstancias que en gran manera favorecen el desarrollo 
de estos anima!es. La simple !ectura de! presente volumen jus
tifica perfectamente la frase de! sabio naturalista Fischer, que 
en su Manual de Conchyliologie llama a estas Islas el paraiso de 
los moluscos." Herre ( 41a) writing about fishes, in his paper 
appraising the Philippines as an ideal site for a biological sta
tion, says: "In the Philippine waters is perhaps the richest 
and most varied fish fauna in the world, probably a tenth of 
the existing species occurring in the seas, lakes, and rivers of 
the archipelago. Not only do we find there the otherwise un
rivalled littoral fish life of the East Indies, as well as the wide-
roving or cosmopolitan pelagic fishes, but to these are added 
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forms which stray over from the coast of China or wander south
ward from Japan. So little known are the fishes of the Philip
pines that we never make a collecting trip without bringing in 
a new species, or something Ruppel discovered in the Red Sea 
nearly a century ago and which has not been collected since, or 
some fish hitherto known only from the South Sea Islands." 

According to Dickerson (24) the Philippine bird fauna in
cludes about seven hundred fifty species in two hundred ninety
three genera with a high percentage of endemism. A large num
ber of these birds are fish-eaters. Considering these facts and 
the added fact that the habit of eating raw fish, both fresh-water 
and marine, is prevalent among a very extensive portion of the 
population, the reader may have a pretty fair idea of the Philip
pine possibility of becoming one of the richest fields in the 
world for hunters not only of heterophyid flukes but of other 
groups of trematodes as well. 

B. OTHER HELMINTHS THAT HAVE LODGED 

1. IN THE HEART 

Musgrave (64) included in his report on paragomm1as1s 
in the Philippines a case in which adult flukes and eggs were 
found in the pericardium; but, unfortunately, he failed to give 
an account of any associated lesion. Ferguson (30) made men
tion of the finding of a lone calcified egg presumed to be of 
Schistosoma hematobium in a cancerous infiltration of the peri
cardium. Africa and Sta. Cruz (Sb) reported the occurrence 
of S. japonicum ova associated with typical pseudotubercles in 
sections of the myocardium obtained from the interventricular 
septum of the heart of an adult Filipino, in whom eggs of the 
same worm were also found in the intestinal wall, liver, kidneys, 
lungs and brain. 

Many cases of hydatid cyst occurring in the heart and caus
ing cardiac symptoms and eventual failure of function of this 
organ have been reported in the literature. Martin and Cres
pigny (57) have reported a case of a 49-year old Australian 
farmer who complained of shortness of breath and edema of 
the lower extremities. Fluoroscopy showed the heart pushed 
to the right of the sternum and a large non-pulsatile, rounded 
opacity in the left thoracic cavity as large as a foetal head at 
term. Autopsy confirmed the diagnosis of hydatid cyst, which 
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was found to be multiple in the right and left sides of the heart. 
One of the cysts invaded the myocardium to such a degree that 
in several places a layer of fibrous tissue, only one millimeter 
in thickness, separated the £wo cavities. 

Hynd (43) has reported a case of a ·young apparently 
healthy man, 24 years old, suddenly rushed to the hospital in 
a moribund condition. Before he died he was markedly dyspneic 
and comatous. Autopsy showed a large infarction of the right 
lung. The right ventricle was full of cysts varying in size from 
a pear to a marble. Closer examination showed a cavity as big 
as a hen's egg containing cysts in the wall of the right ventricle 
just under the endocardium near the apex. The wall of the 
cavity had ruptured, the cysts passed out of the right ventricle 
and carried to the branches of the pulmonary artery, where 
several cysts were found. A similar case has been reported by 
Finney (31) in India. 

Another remarkable case of hydatid cyst in the heart was 
reported by Goldsworthy (37), again from Australia. The case 
involved a 40-year old female, who for a year before her death 
had fainting spells and complained of swelling of the right side 
of the neck, sensation of pressure of the wind-pipe and promi
nence of the veins of the thorax and upper abdomen. Autopsy 
showed a chronically collapsed lung. The right pulmonary 
bronchus and artery were pressed between mediastinal cysts 
anteriorly and the vertebrae posteriorly. More recently Kha
lil (47c) has reported a case of a 30-year old Egyptian who was 
found dead and upon autopsy revealed a large hydatid cyst (10 
cm. X 11 cm.) in the wall of the left ventricle obliterating the 
apex. Rupture of the cyst into the left ventricular cavity, where 
daughter cysts were found, was believed to have caused the death 
of the patient, who had a previous history of fits of unconscious
ness lasting for a long time. A case similar to Khalil's was report
ed by Anderson and Patterson (9). As early as 1878 Bobwiez 
wrote a thesis: "Hydatid Cysts in the Human Heart" in which he 
stated, "The observations of pathologic anatomists have taught 
us that echinococci, cysticerci, and a great variety of tumors 
may occur in the heart muscle. In some cases parasites or tu
mors may produce a clinical picture of heart disease. Even in 
such cases, however, the disease during the patient's life will 
often be comfounded with more common and frequent morbid 
conditions". Other authors who have reported on hydatid cysts 
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in the heart are Bacaloglu, Balan, Ballif and Vasilescu (11), 
Agote and Bianchi (7), Gonzales and Mosto (38), and Morquin::> 
(60), and Pico Duni (70). 

We expected to find much reference in the literature con
cerning the occurrences of Trichineila larvae in the heart. On 
the contrary, however, we found very few reports of their oc
currence in this organ. Jurgensen and Schotter (45) in their 
treatise "Diseases of the Heart" made mention of trichin~e. cya
ticerci and echinococci among others as pathologic curiosities 
which may occur in the pericardium but which they thought were 
not of great clinical interest. Buck* (1902) refuting the allega
tion of many writers during his time that Trichinella spiralis 
never occurred in the heart muscle stated in his "A Reference 
Handbook of the Medical Sciences" that cases of such occurrence 
were observed by Leuckart, Zenker and Virchow. Incidentally, 
this author also mentioned Pentastoma denticulatuni (a speci~s 
of Porocephalus, an arthropod) as one of the parasites that 
lodge in the heart. Van Cott and Lintz (86) cited encysted lar
vae, discovered during examinations of tissue sections from the 
heart of a case that died of trichiniasis. 

Although as far as we are aware, the larvae of Ascaris have 
not been actually demonstrated yet in the heart of man, a priori 
their passage through the coronary circulation may be conceded ; 
since it has been demonstrated in laboratory animals by Ransom 
and Foster (72) that a proportion of the migrating larvae fail 
to leave the lung capillaries and are swept to the left side of the 
systemic circulation and become lodged in the different visce
ral organs. The same may be conceded in the case of other 
round worms such as the strongyloides and hookworms, and of 
the blood flukes (schistosomes) whose larvae also migrate 
through the lungs as part of their natural life cycles. The pos
sibility that these larvae filter out from the circulation and cause 
lesions in the various visceral organs is entertained by many 
parasitologists. 

Of interest also in this connection is the finding of an adult 
Ascaris in the right ventricle of a man at autopsy by Boettiger 
and Verney (12). Dr. Musgrave, is said to have found an adult 
Trichocephalus in the coronary artery at an autopsy in the Phil
ippines (6d). 

• Buck, Albert H. "A Reference Handbook of Medical Science," 
v. 4, p. 583 (1902). 
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2. IN THE CENTRAL NERYOUS SYSTE~I 

Notable among the parasites that have been found to lodge 
in the brain and spinal cord are the eggs of blood flukes (Schis
tosoma hematobium, S. mansoni and S. japonicum), and of Pa
ragonimus westermanni, and hydatid cyst and Cysticercus cel
lulosae. 

Thirty years ago Shimamura and Tsunod (75) described 
the presence of S. japonicum eggs in the brain associated with 
Jacksonian epilepsy and cerebral embolism. Since then, many 
cases of this type of epilepsy that have been observed in Japan 
from time to time have been attributed to the presence of eggs of 
this fluke in the brain. Ferguson (30) found eggs of Schistosoma 
kematobium in the brain and spinal cord of a case that died of uri
nary schistosomiasis. A remarkable case of transverse myelitis 
presumably due to eggs of S. mansoni was reported in Brazil by 
Mueller and Stender (63). The patient, who had had urinary 
trouble diagnosed as gonorrhea, developed six months later and 
in a single night a hemiplegia, from which he died. Autopsy 
revealed lesions about the second and third dorsal vertebra•\ 
and microscopic examination of the cord at this level showed 
plentiful pseudotubercles centered on the eggs, which Prof. Ful
leborn recognized as those of S. mansoni. A similar case bas 
been reported by Day and Ken way (23). A boy of ten died 
with complete paralysis and anesthesia of both legs spreading 
to the trunk, and incontinence of urine and feces. Autop.>y 
showed small necrotic areas in the lumber enlargement of the 
spinal cord. Under the microscope in the grey matter and just 
behind the anterior horns were ova of S. hematobiitm. Nerve 
cells near the ova were more or less degenerating with disappear
ing dendrons and dissolution of Nissl's granules. Edgar (26) 
has reported a case of epilepsy due to Schistosoma japonicum. 
"Epiliptiform convulsions, preceded by closing in one eye of the 
right side of the field of vision, some worsening of sight, and an 
occasional fumbling for the correct word, a paracentral scotoma 
in the right inferior temporal quadrant, and some aching on the 
left parietal bone led to operations, which displayed, under this 
bone, a sharply-outlined spherical yellowish tumor an inch in 
diameter, which was pronounced to consist of the ova of S. japo
nicum." 
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Musgrave (64) discovered cystic abscesses containing eg:;s 
of Pt.Lragunimus westermanni in the brain of one of nine cases of 
paragonomiasis he observed in the Philippines. On the basis of 
the results of their experimental studies on intracranial infec
tion with Paragonimus westermanni, Yokogawa and Suyemori 
(94) have concluded that the cranial cavity is an unfavorable 
location for the developn~ent of the worms. This, they state, is 
also suggested by the relative infrequency of cerekal paragc.
nomh·~is in man. They believe that in the great majority of 
cerebral paragonomiasis the pathological changes are produced 
by the entrance of partly grown or adult worms through the fo
ramina of the base of the skull, and their subsequent invasion of 
the brain tissue, and not by emboli composed of eggs. There are 
other references in the literature concerning cerebral paragono
miasis which have not been accessible to us because they are 
written in Japanese. In fact, according to Craig and Faust (21) 
"in endemic foci in Japan, brain symptoms in children under fif
teen years have frequently been attributed to infantile paralysis, 
cerebral hemorrhage and encephalitis or meningitis, whereas the 
causative agent was this fluke." 

The occurrence of hydatid cyst has been not infrequently 
reported in the literature. Fleming and Bury (32) have report
ed an interesting case of hydatid cyst in the brain. The patient 
was a soldier who complained of weakness of the right arm and 
leg, poor sight, loss of memory, inability to read and write, and 
occipital headaches. Physical examination revealed acute optic 
neuritis of both eyes, ptosis on the right eye, left vestibular 
nystagmus and loss of sensation over the whole right side. X
ray showed two to three small opaque bodies in the right frontal 
lobe. Operated on for cerebral tumor, the patient died during 
the operation. Autopsy revealed a unilocular hydatid cyst, the 
size of a large orange, in the left brain from which were obtained 
booklets and scolices. The opaque bodies showed by the X-ray 
on the right brain turned out to be "amorphous calcified mate
rial" which the authors thought were remnants of cysticerci. 

Another remarkable case of hydatid cyst in the brain has 
been reported by Shuman (76). The patient, a soldier, had a 
history of chancre and for four years had been complaining of 
occipital headache. Treated for syphilis he developed bilateral 
optic neuritis two weeks later. During the next seven days the 
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patient complained of inability to awaken in the morning and 
trouble at the beginning of micturation. He staggered slightly 
to the left. He departed from the hospital but soon returned in 
a condition of collapse and died immediately afterwards. Autop
sy revealed a hydatid cyst in the right cerebrum. Death was 
believed to be due to intracranial pressure. A similar cyst (coe
nurus), the larval stage of il'1ulticeps serial is of the dog was 
found in t.he lateral \·entr;.Je oi a P~~is locksmith with a history 
of aphasia and epilepsy (cited by Faust, 1929), and in the brain 
by Turner and Leiper (84) in a man in West Africa. 

There are scores of reports on the occurrence of hydatid 
cyst in the brain and spinal cord, but the original papers were 
not available to us at this writing. 

Cysticercosis is by far the most frequently encountered hel
minthic infection of the central nervous system. In reviewing 
807 cases of cysticercosis, Vosgien (87) found that the nervous 
system was involved 330 times, or in 40 per cent. Hare (39) 
quotes Dressel, who fonnd the brain affected '/2 times in 87 
cases, or in 82 per cent. This author also cites Sato who col
lected 128 cases of cysticercosis of the brain and found the ven
tricles involved in forty-eight instances, and Hanneberg who col
lected the reports of fifty-six cases of cysticerci in the fourth 
ventricle. 

MacArthur (55) called attention to the frequent occurrence 
of cysticercosis in the British Army. He thinks that a large 
number of cases of epilepsy among the soldiers at Millbank are 
due to cysticercosis of the central nervous system. He men
tioned that during 1933 twenty cases of cysticercosis were iden
tified at this barrack, and that in a single trooping season 8 cases 
of cysticercosis were again found among the soldiers, 6 having 
been invalided as epileptics and the other 2 as having had some 
kind of seizures. Closely following the article of MacArthur, 
there appeared a very comprehensive and valuable collection of 
knowledge on the subject of cysticercosis by Dixon and Smithers 
(25a & b), who, in an emphatic manner, again called attention 
to the frequent association of cysticercosis of the nervous sys
tem with epilepsy and other neurological conditions, and at the 
same time decried the fact that even neurological textbooks do 
not give the disease any prominence as a cause of nervous or 
mental symptoms. 
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Chung and Lee (18) have reported on 10 cases of cysticer
cosis of the central nervous system. Palpable subcutaneous no
dules were present in 8 of the ten cases and in the other two 
cysticerci were seen ill the brain at operation or autopsy; epile9-
tiform fits were observed in 8, headache in 6, numbness or pare
sis in 5, fever in 5, nai:::sea and vomiting in 4, transient motor 
aphasia, blurred vision, dizziness, drowsiness or eosinophilia in 
3. There was a ta;::eworm in the intestine oi 5, lr-ucocytosis in 
6, and biiateral papiiiitis with or without signs in the fundi of 3. 

The individual cases of cysticercosis of the central nervous 
system reported in the literature are too numerous to mention 
here. The following illustrative cases are among the most in
teresting and typical : 

Luney (54) has reported a case of cysticercosis with sym~ 
toms resembling those of "nervous syphilis", such as illusions 
and hallucinations and complaints of electrical sensations in the 
hands and feet. The patient was ataxic, with marked Romber
gism; knee jerks greatly dimir;shed; pupils sluggish to light 
and aCC':mmodaticn; paraesthesia of hands and feet; grip of 
right hand very weak. Laterly he had two epileptiform seizures 
with frothing at mouth and diffuse clonic convulsive movements 
on the right side, and died some days later. Autopsy showed 
Cysticercus cellulosae immediately beneath the arachnoid on the 
under surface of the right frontal lobe. The cyst was flattened 
out, elongated, and in opposition with the optic nerves and the 
right olfactory nerve. Three other cysts were found in the sub
arachnoid space, deep in the sulci on the upper surface of the 
right cerebral hemisphere in front of the fissure of Rolando, and 
a fifth cyst occurred in the same region on the left side of the 
brain. 

Equally interesting is the case reported by Broughton-Al
cock, Stevenson, and Drought (13). The patient who had been 
suffering for nearly six years from symptoms of impaired vision 
of the left eye, attacks of epileptic fit (diurnal and nocturnal), 
headache, occasional vomiting and mental dullness, died with 
the following autopsy findings: cysts attached to the dura mat
ter; in the cortex were forty rounded, peasized nodules which 
showed typical characters of the scolex with booklets and four 
suckers; and a very heavy cell infiltration around the connective 
tissue stroma and extending into the brain substance. The ma-
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jority of the infiltration cells were plasma cells with fewer small 
round cells, and a fair number of endothelial cells were also 
present, and in one section two giant cells with massed nuclei 
were seen. 

Ch'eng and K'ang (17) have reported a case· of very heavy 
general infection with cysticerci. Starting with symptoms of 
mental trouble vdth headache, loss of vision, attacks of uncon
scicusness and hal!ucinr-tion, the man r!ied of acl.!le opium poi
soning four years after the onset of the trouble. Autopsy re
vealed innumerable cysticerci in the brain end muscles. 

Lispcomb (51) has reported a case of cerebral cysticercosis 
diagnosed in vivo. The patient, a soldier, in Punjab, India, was 
taken +.o the hospital with symptoms of typhoid fever. He later 
passed segments of Taenia solium and his feces became positive 
for eggs of the tapeworm. Discharged after 70 days' stay in 
the hospital, he was taken in again about two weeks later with 
weakness, headache, and vomiting. Three weeks after the sec
ond .-·!mission he developed papilloedema with loss of sight _;~! 
the right eye, the headache and vomit:"'.6 becoming more severe. 
In a short time hernia cerebri came on with fever and uncons
ciousness, and he died 78 days after the second admission. There 
were 150 cysticerci scattered throughout the brain; none was 
found elsewhere. 

Another case of epilepsy evidently due to cysticercosis has 
been reported by Holmes (42). The patient, who iictually had 
Taenia solium in his intestine, developed disorientation for time 
and place, loss of memory, dizziness and occasional loss of 
speech, associated with "little lights" i• his eyes whether opened 
or closed, and epileptic fits accompanied by cyanosis, 
stertorous breathing, fixed stare and protruded tongue. Small 
subcutaneous nodules were present. Biopsy of the nodule.'3 
showed Cysticercus cellulosae. X-ray of the skull gave negative 
results. 

The two cases of Hare (39) are both interesting and il
lustrative of brain cysticercosis. The first had "convulsive 
seizures, failing vision, headache, amenorrhea and personality 
changes. Bitemporal hemianophsia, optic atrophy, diminished 
visual acuity and unequal pupils. Autopsy revealed a large right 
temporal cyst and multiple small cysticercus cysts". The sec
ond one had "convµlsive seizures of twenty years' duration, in-
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termittent headache for four years, and visual impairment for 
twelve months. He was admitted to the hospital with signs of 
meningitis. Death occurred two days after admission. Autop
sy revealed basilar meningitis and Cysticercus cellulosae in the 
fourth ventricle." 

Marsh (56) has reported a case of cerebral cysticercosis 
with fever, headache, stupor and signs of insanity. There was 
a bilateral optic neuritis. At autopsy very many cysticerci 
throughout and over both hemispheres with a few in the mid
brain were found. This author has previously seen ten cases of 
cysticercosis invalided for epilepsy within a period of eighteen 
months. 

Africa and Sta. Cruz (5a) have reported one case of cere
bral cysticercosis in the Philippines. The subject was a male 
Filipino, 29 years old who died suddenly in his home. Autop
sy showed numerous cysticerci in the muscles and brain. In 
the brain, the cysts had the following distribution: 9 cysts were 
found scattered on the external surface of the left hemisphere 
beneath the pia mater; six cysts were similarly distributed on 
the surface of the right cerebrum. On sections of the brain 
other cysts were found ; one in the left lateral wall of the third 
ventricle; one in the lower lateral portion of the right thalamus; 
one in the right caudate nucleus; and one in the hypophysis. 

Although occasional reference to signs of involvement of the 
nervous system is found in the early literature of trichiniasis 
there are few reports of the actual demonstration of the parasite 
in the brain. Most and Abeles (61) quote Kratz, who in a re
view of a three hundred and thirty-seven cases, described pa
tients who exhibited delirium, apathy, insomnia, and anesthesia 
of the skin. Frothingham (33) was the first to demonstrate the 
larvae of Trichinella spiralis in the brain, as well as the cellular 
reaction to the parasite. Van Cott and Lintz (86) recovered 
living trichina larvae from the spinal fluid of a patient who 
showed neurologic signs and mental symptoms during the course 
of trichiniasis. Hassin and Diamond (40) found trichina lar
vae in the spinal fluid removed postmortem from a case in 

·which death was presumably due to a heavy infection of Trichi
nella spiralis. Trichina larvae found in different parts of the 
brain including the cavity of the fourth and lateral ventricles 
together with the neuropathological changes that accompanied 
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the infection form the basis of a comprehensive report by these 
authors. Most and Abeles (61) have reported two cases of tri
chiniasis with signs of involvement of the nervous system, of 
which one terminated fatally, while the other recovered. · The 
pathologic changes seen in the brain of the one that died were 
in the nature of widespread acute non-suppurative encephalitis. 
The characteristic changes were disseminated nodules, with or 
without parasites, and perivascular and meningeal infiltrations, 
as well as degenerative changes seen in most toxic cases of con
siderable duration. 

What has been said about the larvae of various helminths 
that migrate through the general circulaticn with reference to 
the heart may be mentioned in connection with the central 
nervous system. 

III. TECHNIQUE AND MATERIAL 

A general outline of the technique we employed in this in
vestigation has been touched incidentally under the caption: 
history of the discovery. Briefly it consists of emptying 
the small intestine of its contents, slitting it open through
out its whole length, and scraping its mucosa! lining two or three 
times with a dull scalpel over an appropriate container with 3 

suitable amount of water. After the resulting mixture has been 
stirred thoroughly so as to comminute the mucosa) scrapings to
gether with whatever particles of food or fecal debris have been 
included, and after the minute flukes that may be present have 
been freed from them, it is passed through a series of sieves 
with from 20 to 100 meshes per linear inch. The sieves are ar
ranged with the coarsest on top ad seriatim downward. With
out disturbing the arrangement of the sieves, tap water is then 
poured into the top sieve several times, depending on the con
sistency of the strained material, in order to free the flukes that 
may be present from any adhering mucosa! particles or fecal 
matter. The fluid that has passed through the sieves may be 
discarded. After this procedure, the bottom sieves are rinsed 
of their adhering particles of mucosa! scrapings and food and 
fecal debris, the whole washing being collected in a large glass 
jar. The flukes are expected to be found in this fluid, if pre
sent. 
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The examination of the collected fluid is best done frac
tionally. After the mixture has been stirred, a suitable quanti
ty is taken and placed in a glass receptacle (the body or lid of 
a moist-chamber is convenient) and examined for the presence 
of flukes. Each take should be just enough to cover the floor 
of the glass container to a depth of about 2 cm. to ensure good 
visibility, since the fluid necessarily contains particles of intes
tinal villi, and bits of other intestinal tissues, mucous, food par
ticles, and fecal matter. The minute flukes (if present) may 
be seen congregating just below the water line if the container is 
tilted to an angle of about 25 to 35 degrees after a little panning 
movement. A hand lens may be necessary to distinguish them 

·from individual villi and similar objects, but a well-trained and 
experienced eye does not require this aid, although extreme pa
tience and diligence are necessary. Properly examined, not a 
single fluke present in each take need escape detection with this 
process. This fractional examination is continued until the 
whole fluid is finished. For the detection of these flukes, the 
intestinal contents need not be examined since most of these par
asites are deeply embedded in the intestinal wall or in the crypts 
of the intestinal glands. 

Failure to detect flukes in the intestinal scrapings does not 
deter us from examining the hearts of cases in which symptoms 
of cardiac troubles are evident either from the clinical history 
or from the pathological anatomy of this organ. For example, 
in one of our cases we failed to recover even a single fluke from 
the intestinal scrapings, but noting that the clinical diagnosis 
was cardiac beriberi, which was confirmed by the morgue pathol
ogist, we proceeded to investigate the heart of this case and 
succeeded in demonstrating eggs associated with lesions char
acteristic of this infection. On the other hand, the presence of 
the flukes in the intestine at autopsy always prompts us to in
vestigate the heart for eggs, regardless of whether or not there 
is evidence of cardiac trouble. For example, in one of our autop
sies in which we detected the presence of the parasites in the 
intestine, we investigated the heart although there was no evi
dence of trouble in this organ, either clinically or as indicated 
by the protocol, and we succeeded in finding eggs in the myocar
dium, but apparently unassociated with any serious lesion. 

For rapid detection of eggs in suspected hearts a portion of 
the myocardium, preferably cut from places where petechial 
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hemorrhages abound, may be squeezed vigorously and the exud
ing fluid examined ·under the microscope. This method failing, 
more cuts are made from different localities, and the pieces of 
heart muscle chopped or ground into very fine particles and di
gested in artificial gastric juice (after the manner of extract
ing trichina larvae from muscles) at 40 degrees C. for 24 hours 
or until they are thoroughly digested. The resulting fluid is 
strained, after stirring, through a sieve 80 meshes per linear 
inch, and the filtrate centrifugalized at 1000 revolutions per 
minute for five minutes. The sediment is examined for eggs. 
After the presence of eggs has been ascertained, blocks are 
made from different portions of the heart for preparing histolo-
gical sections. · 

While in a few of our positive hearts, it did not require so 
many blocks to encounter lesions characteristic of this infection, 
in a large number of them as many as from thirty to forty 
blocks had to be sectioned before we could demonstrate them. 
One has to explore the myocardium thoroughly in suspected 
hearts, especially if there are strong indications pointing to this 
infection, such as the recovery of flukes from the small intes
tine, before they should be declared negative; because as men
tioned elsewhere in this work, in this infection the sites of dis
turbance are discreet and found only wherever the eggs have 
caused hemorrhages, emboli or thrombi. In many of our cases 
the heart became literally honeycombed with cuts before we suc
ceeded in demonstrating chronic inflammatory, or degenerative 
changes. The search for eggs, or the lesions which they pro
duce, is usually a tedious process. However, in the examination 
of myocardial sections the microscopist is often greatly aided 
by the strikingly tinctorial appearance of the reactive cells in 
the lesion, which contrasts vividly with surrounding tissue. In
deed, time and again we have been guided by this specially 
stained reactive tissue to the exact spot of trouble in our exam
ination of myocardial sections. Once this characteristic type of 
tissue reaction is found in a section, careful examination_ of the 
series almost invariably ends in the finding of the culpable egg<>. 
The eggs are not found in any special locality with reference to 
the lesion. They may be found within the mass of the reactive 
cells, at the edge, or quite remote from the lesion. The same 
procedure has been followed in the localization of lesions in the 
brain, spinal-cord, lungs, liver, and spleen. 
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In this work the small intestines of 297 autopsy cases weec 
examined for the presence of heterophyid flukes. Our examina
tion of the intestines of the first 108 cases was nearly consecu
tive. During the latter stages of our investigation, however, 
our examination of the intestines became more or less random 
because of interference of other wo1·k, and, further more, be
cause we became more interested in autopsies in which there were 
clinical indications of heart condition, or in which heart affec
tion was clearly indicated by the pathological anatomy of this 
organ. The work was begun early in 1935 and closed tempora
rily for this report about the middle of 1938. 

All these autopsies with a few exceptions were made by the 
staff of the Department of Pathology and Bacteriology, College 
of Medicine, University of the Philippines, in the Manila City 
:Morgue. This morgue serves the charity wards of the Philip
pine General Hospital, an insular institution with about 600 
charity beds, which draws patients not only from Manila and 
suburbs, but also from all sections of the Philippines. The 
Manila City Morgue also performs autopsies for the Insular 
Psychopathic Hospital as well as for the Division of Investigation 
of the Department of Justice in the City of Manila. 

Out of these 297 autopsies, 33 were found to be positive 
for heterophyid flukes in the intestine, either of one species or 
of two or three species associated together; while in one case, 
eggs were found only in lesions in the heart, the intestine being 
negative for the adult parasite. A total therefore, of 34 positive 
cases are reported in this work, excluding the two hearts from 
the museum of the Department ·of Pathology and Bacteriology, 
from whic.h material for this investigation was also obtained. 

Of the thirty-four positive cases that properly belong to this 
series, eggs associated with lesions characteristic of this infec
tion were found in the heart of 13 ; eggs unassociated with de
finite lesions were found in the heart in one case alone; and 
eggs associated with typical lesions were found in the brain in 
one; and in the spinal cord in another, which also showed eggs 
in typical lesions in the myocardium. Eggs associated with le
sions characteristic of this infection were also found in the liver, 
lungs, and spleen of one case, besides in the heart; and in an
other heart case the eggs were found only in the liver besides 
the.heart. 



Africa, de Leon et al: Heterophyidiasis of Man 35 

In this series there were a total of 91 cases with enlarged 
heart as indicated by the morgue protocols. We attribute this 
unsually large number of heart cases in the present series to our 
inclination, which, as previously mentioned, developed in the 
later stage of our investigations, to examine particularly those 
cases in which there were clinical indications of heart condition, 
or in which the pathological anatomy of this organ was obvious. 
In 13 out of these 91 heart-trouble cases we were able to de
monstrate eggs of heterophyid flukes associated with lesions 
characteristic of this infection in the myocardium, and in the scle
rosed mitral valves as well, in three of them. In 5 of these 91 
heart trouble cases, flukes were recovered from the intestine, 
but extensive exploration of the heart failed to demonstrate eggs, 
or lesions typical of the infection. The hearts in two of thesa 
91 cases which had also signs and symptoms of heart trouble 
and flukes in the intestine were missed for examination. There 
were, therefore, 89 enlarged hearts examined in this work. The 
rest of these 89 heart-trouble cases, or 71, were negative for any 
sign of the infection either in the intestine or in the myocardium 
after extensive and intensive explorations. . 

In this series there were eight cases of cerebral hemorrhage. 
In one of them, eggs associated with lesions typical of this in
fection were found in sections of the brain tissue obtained around 
the blood clot in the right basal ganglion; in the rest no such 
findings were recorded from the brain tissue around or in the 
vicinity of the blood clot, or elsewhere in the body. 

The histological findings reported in this work are based 
upon our examination of thousands of histological preparations 
stained with haemotoxylin and eosin from the various organs, 
principally, the heart, of the positive cases enumerated above. 
Since early in this investigation we believed that cardiac and 
other visceral complications in heterophyidiasis originate from 
the small intestine where the adult parasites live, it was ob
viously useless or unnecessary in our opinion to explore the 
hearts of cases with negative intestine, unless as we have re
marked elsewhere, these hearts show suspicious signs or the 
cases bear clinical history suggesting the condition. 

We may add here that it has been impossible for us to cover 
all the visceral organs of our positive cases in this investigation 
not only because of lack of adequate personnel, but also because 
we did not have control over the autopsies, which as pointed 
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out previously, were mostly performed by the members of the 
staff of the Department of Pathology and Bacteriology. In 
many cases, even if we wanted to investigate certain organs we 
were not able to get hold of them because other parties just hap
pened to be also interested in them in connection with their own 
investigations. We had difficulty, particularly, in securing the 
brain and spinal cord of some of our positive cases in which, on 
account of certain symptoms indicating nervous lesions, we were 
very much interested, because the morgue pathologist was either 
not in a mood to open the cranial case and spinal canal, or out 
of consideration to the feelings of the family of the deceased, 
was not favorable to further mutilation of the cadaver. 

IV. BRIEF PROTOCOLS OF CASES WITH VISCERAL 
LESIONS 

The following are the brief protocols of our fifteen cases 
in which visceral complications, mostly in the heart, were found: 

No. 1. Autop.sy P-35-209. Male, 50 years old, found dead 
one morning. Anatomical diagnosis: Acute cardiac dilatation, 
right; acute dilatation, stomach; congestion, vicera. Parasito
logical findings: 21 adult Spelotrert1,a brevicaeca recovered from 
intestine; eggs associated with acute and chronic specific lesions 
in the myocardium. 

No. 2. Autopsy P-35-265. Male, 23 years old, died three 
hours after admission to hospital with symptoms of failing 
heart. Anatomical diagnosis: Hypertrophy and dilatation, right 
ventricle (beriberi). Parasitological findings: 4 adult Diorcki
trema pseudocirrata and 4 H. taichui recovered from intestine. 
Heart sections showed eggs associated with acute vascular 
changes and chronic lesions specific or peculiar to heterophyidia
sis. 

No. 3. Autopsy P-35-321. Male, 62 years old. Died with 
symptoms of cerebral hemorrhage. Autopsy revealed hemor
rhage, cerebral, right basal ganglion; hypertrophy and dilata
tion, left ventricle; chronic nephritis; arteriosclerosis. A num
ber (undetermined) of adult Haplorchis yokogawai and S. bre
vicaeca recovered from intestine. The heart of this case was 
not seen. Eggs associated with chronic specific lesions identical 
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to what were seen in the heart of other cases found in sections 
obtained from the brain around the fatal hemorrhage. 

No. 4. Autopsy P-35-326. Male, 35 years old, diagnosed 
as cardiac decompensation (beriberi) died twelve hours after 
admission to the hospital. Autopsy revealed acute cardiac di
latation; endocarditis, chronic, with stenosis and calcification oi 
mitral valves, Five specimens of H. yokogazcai recovered from 
intestine; sections showed eggs associated with acute vascular 
changes and chronic specific lesions in myocardium; sclerosis 
and calcification of mitral valvular leaflets with large number 
of eggs in the sclerotic areas as well as in the calcified material. 
Eggs also found in liver, lungs, and spleen. 

No. 5. Autopsy P-35-489. Female, 36 years old, brought 
to the hospital in a dyspneic, semi-conscious, dying condition; 
died a few minutes after admission. Anatomical findings: Hy
pertrophy and dilatation, right ventricle (beriberi). One adult 
specimens each of H. yokogawai and H. taichui in intestinal 
scrapings. Eggs associated with acute and chronic lesions in 
the myocardium. 

No. 6. Autopsy P-35-543. Male, 24 years old, diagnosed 
as peptic ulcer; cardiac beriberi ( ?) . Anatomical diagnosis: 
Acute cardiac dilatation (all chambers) with slight hypertrophy 
of right ventricle; myocarditis. Parasitological findings: 3 
adult Spelotrema brevicaeca and 7 Haplorchis taichui recovered 
from intestines; several adult flukes (specific identity undeter
mined) in the myocardium and epicardium; eggs associated v.ith 
acute vascular changes and chronic specific lesions in the myo
cardium. 

No. 7. Autopsy P-35-711. Female, 27 years old, admitted 
to hospital with symptoms of heart failure and chronic nephri
tis. Autopsy revealed hypertrophy and dilatation, right ven
tricle (beriberi). Not a single fluke was recovered from in
testine. Eggs associated with acute and chronic lesions charac
teristic of heterophyidiasis in myocardium. 

No. 8. Autopsy P-35-795. Male, 35 years old, with com
plaints of headache, cough and chilly sensations. Diagnosed in 
the ward as malaria, acute. Autopsy revealed acute caseous tu
berculosis, upper lobes; acute caseous peribronchial glands, right; 
miliary tuberculosis, pleura. One specimen of H. yokogawa.i 
recovered from intestine. Eggs found in the myocardium. No 
chronic lesions found. 
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No. 9. Autop.~y P-35-96.!,. Male, 70 years old, with hyper
trophied prostrate and cystitis. Died 38 days after prostatec
tomy. At autopsy the finding~ were: Pyonephrosis, bilateral 
(ascending infection) cystitis, acute parenchymatous degenera
tion of heart and liver. Twenty-five specimens of H. yokogawai 
recovered from intestinal scrapings; eggs associated with acute 
and chronic lesions in the myocardium. 

No.10. Autopsy P-35-1110. Male, 17 years old, with signs 
and symptoms of peripheral neuritis, and cardiac beriberi which 
were confirmed at autopsy. A Ione specimen of H. taichui 
found in the intestine. Eggs associated with acute and chronic 
specific lesions in the myocardium; also in liver. 

No. 11. Autopsy P-36-111. Male, 44 years old, found dead 
in one of the streets of Manila. No clinical data could be ob
tained. Postmortem findings: Hypertrophy and dilatation of 
the heart; sclerosis of coronary vessels; distention and conges
tion of lungs; congestion of liver, spleen, and kidneys; menin
geal hemorrhage, basal, extensive; hemorrhage, dural and sub
dural, left lateral border of spinal cord at level of lumbar en
largement. Parasitological findings: 23 S. brevicaeca and 11 
H. yokogawai recovered from intestine. Eggs associated with 
chronic specific lesions in the myocardium; eggs also found m 
hemorrhages in the left lateral column of the lumbar enlarge
ment; also in chronic specific lesions in this locality. 

No. 12. Autopsy P-37-620. Female, 22 years old. Diag
nosed as chronic valvulitis with mitral stenosis and insufficien
cy; cardiac failure, secondary, which were confirmed at autopsy. 
One lone specimen H. yokogawai recovered from· intestine; eggs 
associated with chronic specific lesions in myocardium; eggs also 
found in sclerotic and calcified areas of mitral valves. 

No. 13. Autopsy P-37-705. Male, 21 years old, admitted 
to hospital with symptoms of heart failure and cerebral embo
lism. At postmortem were found valvulitis, chronic (rheuma
tic) with superimposed polypoid vegetations (bacterial) mitral 
and aortic valves; cardiac hypertrophy and dilatation, second
ary; abscesses, or infarctions, spleen, kidneys, lungs, and brain. 
Two H. yokogawai recovered from intestine; eggs in calcified 
areas of mitral valves; no eggs, but cellular reaction typical hete
rophyidiasis in the myocardium. 



TABLE !.-Brief Protocols of Thiirt11-four Positive Cases (with Parasite in the lnteatine or other Viscera or in both). 

No. 
Autopsy 

Flukes Found in the Intestine Number ------ HeBl't Chief Anatomical Chief Clinical 
Remarks S. brevi- H.tai• 11. 11oko- H.van- D. pseu- H. cal- Finding Diagnosis Diagnos·is 

ca.sea. cl1ui gawai isBima. do cir- deroni rata 
= ------------------ --------

•1 35-209 21 + Acute 
heart 

dilatation, right Undetermined 

•2 35-265' 4 . 4 + Beriberi CBl'diac beriberi 
3 35-318 6 - Malaria acute Anemia, acute, SC-

vere, secondary. ., 36-321 14? 4? Heart Cel'ebral hemorrhage; hy- Ccl'Cbl'al hermor- Chronic specific 
was pertrophy and dilata- rhage l'ight basal lesions in the 
not ti on, left ventricle; chro- ganglion b r a i n tissue 

seen nic nephritis, arterios- around the 
clcrosis blood clot, 

•& 36-326 6 + Acute cardiac dilatation Ca1·diac clccompen- Lesion s also 
r-;ation Sf'conclary found in liver, 
lo ~a rd inc beriberi lungs and 

spleen. 
8 36-829 6 Acute peritonitis Abscess, acute, ap--

pendicial 
7 35-336 6 Heart Chronic endocarditis Cardiac fllilure 

of this 
case 

was not 
Reen. 

I 8 85-842 1 ' s - Lobar 1meumonia Undetcl'mined 
• NOTE: Asterisks indicate cases with visceral complications. 
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TABLE 1.-Continued. 

Autopsy 
No. I Number Flukes Found in the Intestine 

Heart 
9. br•vi-/ H. tal- IH. 11oko-1 H. van-1 °,; P~ei_,t· 1 H. cal- I Finding 

caeca olim gat0ai issima ,~:;: deroni 

Chief Anatomical 
Diagno•i• 

Chief Clinicul 
Diagnosis Remnrka 

~•=1~1---1---1~1---1~1=1 I I====== 
9 

•10 

•11 

•12 

•13 

14 

35-403 

35-489 

36-643 

35-711 

86-796 

36-938 

•11; I . 86-946 

*16 86-1110 

•17 36-111 

3 

s 

160 

23 

1 

7 

1 

1 

6 

26 

11 

• NOTE: Asterisks Indicate cases with visceral complications. 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

Acute meningitis 

Beriberi 

Beriberi 

Meningitis, acute(?) 

Undetermined 

Peptic ulcel'; cal'
diac bel'ibei·i 

Beriberi lcal'diac failul'e se-11 n t es tine wao 
condnry to chronic missed fo1· ex
myocal'ditis amination. Le

Hions found in 
live1· 

Acute caseous P. T. D. Malal'in, acute; ane
mia, ecconda1·y 

Sub-acute nephritis Cardine bcribel'i 

Pyonephrosls, bilateral; Hypertrophy-, pros
pal'enchymatous dege- tate 
neration of heart and 
liver 

Bel'iberi 

Hypertrophy and 
tion, heart 

Peripheral neuritis, 
beribe1·i, car-
d inc (?) 

dilata-!Un1letermined Chronic specific 
lesions in spi
nal cord. 
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TABLE 1.-Continued. 

No. AutopsJ 
Flukes Found in the Intestine Number 

Heart Chief Anatomical 
S. bT611i. H. tai· H. 11oko· H. van- D. pseu- H. cal- Ffnd!ng Diagno•is 

caeca ohlbi gawaf iasima dooiT• deroni nit a 
= ------------- ---- ---- ----

18 36-166 17 - l~ndocarditis, acute 

19 86-168 6 - Lymphosarcoma, duode· 
num 

20 36-480 600 - Portal cirrho1l1 

•21 37-620 1 + Chl'Onic valvulitis 

•22 37-705 2 + Chronic valvulitis 

23 37.745 2 - Anemia, acute, secondary 

24 87-828 21 - Acute peritonitis 

25 37-834 2 - Acute endocarditis 

26 37-839 1 - Gangrenous tonsllltls 

27 87-856 1 - Hemorrhagic broncho-
pneumonia 

• NOTE: Asterisks Indicate cases with visceral complications. 

Chief Clinical 
Dingno•is 

Cardine fuilul'e se-
condnl'y to chl'onic 
vulvulitis 

Undescended testis, 
right 

Pol'tal cinhosis 

Canliac failure se-
condnry to chl'onic 
\'Ulvulitis 

Cardiac failul'e SC· 

condary to chronic 
vulvulitis 

Rett-ntion, placenta 

Ectopic p1·egnancy, 
l'Uptured 

Cudiac failure ··-cond.a ry to clu·ouic 
valvuliti• 

LudwiH·'s angina 

Meningitis, suppura-
tive? 

Romal'ks 
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TARLl!l l.-Conti11ued. 

Autopsy Flukiea Found in the Intestine No. Number -- Heart Chief Anatomical 

S. brevi- H. tal- H. 11oko- H. v.an- D.pseu- H.eal- Finding Diagnosis 
docir-

ca.ecG oliui gawai issima. Tata deroni 
--= ----------------------

28 38-1024. 4 - Cardiac hypertrophy, left 

•29 38-30 2 + Beriberi, hypertrophy and 
dilatation, right ventri-
clc 

30 38-76 3 - Congestion, brain; statu~ 
lymphaticus 

31 38-89 6 - Pcl'icarditi~, acute fibri-
nous 

a2 38-141 1 - Car11iac hypertrophy & 
dilatation; valvulitis, 
chronic; myocarditis 

•ss 38-480 ' + Hypertrophy, left vent1·i-
cle and dilatation 1·ight 
ventricle; valvulitis 
chronic 

34 38-635 370 - Hype1'11.rophy, left ventri-
cle; hemorrhage cere-
bra!, 1·ight basal gang-
lion 

• NOTE: A1terisk1 indicate casea with visceral complications. 

I 
Chief Clinical 

Diagnosis 

Lob a l' pneumonia, 
left 

Ascariasis 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Undetermined 

Remark• 

No satisfactory 
~xamination of 
the heart WB5 

made; the or-
gan was claim-
cd by other in-
terested party. 

Brain of this case 
was not seen. 
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No. 14. Autopsy P-38-30. :\lale, 17 years old, admitted to 
hospital with signs and symptoms of beriberi (cardiac). Autop
sy revealed hypertrophy and dilatation, right ventricle (beri
beri) ; congestion visceral organs. Two adult specimens of H. 
yokoga1cai recovered from intestine; chronic specific lesion in 
the myocardium. 

No. 15. Autopsy P-38-480. Male, 48 years old, admitted 
to hospital with generalized edema, dyspnea and icteric sc!era: 
diagnosed as cardiac failure, secondary to chronic valvulitis with 
mitral stenosis. Anatomical diagnosis: Hypertrophy, left ven
tricle, and dilatation, right ventricle; valvulitis, chronic. Para
sitological findings: Four specimens of H. yokogawai in intesti
nal scrapings; chronic specific lesions with eggs in myocardium; 
also fresh hemorrhages associated with eggs. No trace of eggs 
in sections of the valves. 

In addition to these cases we were able to obtain material 
from two museum hearts labelled H-5-1 and H-5-2 from the De
partment of Pathology and Bacteriology, College of Medicine, of 
this university, with hypertrophy and dilatation of the left ven
tricle, and sclerosis and thickening of the mitral valves (mitral 
stenosis). Neither the clinical nor the autopsy records were 
available in either case. The myocardium of these hearts showed 
the same findings as described in most of the above cases; eggs 
were found fossilized in the calcified material in the interior of 
the mitral valvular leaflets in both cases. 

V. ETIOLOGICAL CONSIDERATIONS 

A. THE FAMILY HETEROPHYIDAE ODHNER, 1914. 

The family Heterophyidae, according to Ransom (71) is 
composed of a number of genera of small flukes, parasitic in the 
intestine of mammals and birds, usually fish eaters. The family 
is -~ne of the richest in digenetic trematodes and is fast becom
ing more and more interesting and important in human and vet
erinary medicine. Its distribution is world-wide and new spe
cies are rapidly discovered in various countries to the further en
richment of the family. 

In a monographic study of the family, Witenberg (90a) 
pointed out the close similarity, both in morphology and life his-
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tory of Heterophyidae and members of th~ Opistorchidae, and 
advocated the formation of a new superfamily, Opistorchoidea, 
to include in it both families. He further said that the families 
"differ from each other mainly in the structure of the terminal 
portion of the genital ducts and that Heterophyidae parasitise 
the intestine while Opistorchidae are found in the bile ducts of 
the final host." The finding of Haplorchis (Monorchotrema) 
adults and eggs in the bile ducts of cattle egrets and of Stictodo
ra in the pancreas of sea-gulls has removed this physiological 
difference between the two families and brought them together 
still closer to justify their fusion. Faust (28a) also erected the 
superfamily Opistorchoidea, but did not include the family He
terophyidae in it. 

In this work Witenberg's diagnosis and general classifica
tion of the family have been adopted. His nomenclature for de
signating the ·different parts of the complicated genital sinus, 
characteristic of but not entirely peculiar to the family, as well 
as other parts of the reproductive system is also believed to b!! 
satisfactory and hence will be followed in this work. His diag
nosis of the family Heterophyidae is as follows :-

"Small and very small forms. Pseudodermis covered with 
scale-like spines. The body is usually divided into two parts. 
One anterior flattened, free from genitalia and more motile than 
the posterior part which is oval or round in cross-section and 
contains the genital apparatus. The oral sucker may be provid
ed with all or a part of the following structures : a contractile 
dorsal lip-like appendage and rows of circumoral spines. 

"Prepharynx and oesophagus vary in different genera and 
species. Pharynx aiways present. Intestinal caeca simple, of 
varying length. Ventral sucker, except in the genus Hetero
phyes, reduced and included in the modified genital sinus ('ven
tro-genital sac') or even absent. 

"The reproductive organs, except the vitellaria in some ge
nera, are grouped in the posterior part of the body behind the 
level of the genital aperture which is generally situated near the 
middle of the body. Testes, two or one, globular or lobed; their 
situation varies in different genera. The cirrus pouch is ab
·sent. The seminal receptacle is voluminous and may be divided 
into several parts by constrictions. The terminal portion of the 
seminal vesicle may form a separate vesicle-shaped organ which 
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is usually provided with chitinished walls; the term 'expulsor' 
is proposed for the structure (in Heterophyes, Tocotrema, Dior
Chitrema, etc). Ovary globular or slightly lobed and except in 
Adleria, is situated in front of the testes. Mehlis' gland pre
sent. Seminal receptacle well developed. Laurer's canal usual
ly reduced. The vitellaria are usually situated near the later~! 
or dorsal surface of the body and the degree of their develop
ment varies in different species. The uterus in most cases does 
not proceed anteriorly to the genital aperture. The latter, ex
cept in Heterophyes, open on the inner wall of the ventro-genital 
sac, which is situated on the middle line or moved towards the 
lateral border of the body. Near the genital aperture a more or 
less developed gonotyl is often present. Eggs usually numerous 
with thick shell 18 to 37 u long. Excretory vesicle usually Y
shaped; the length of the stem varies in different genera and it 
is either straight, S-shaped, or divided into branches which may 
reunite (as Scaphanocephalus); the branches may be long, short 
or entirely absent (as in Galactosomum). 

"Adults parasitise the intestines of mammals, birds and 
rarely fish (Haplorchis). Metacercariae encysted in fish. Cer
cariae, as far as is known, develop in operculated mollusks. 

"Type genus :-Heterophyes Cobbold, 1866." 
For the history and contents of this family, the reader is 

referred to Witenberg's (90a) monographic work: "Studies on 
the Trematode-Family Heterophyidae." 

B. LOCAL REPRESENTATIVES OF THE FAMILY 

There are eighteen members of the family Heterophyidae 
Odhner, 1914, so far described or identified in. the Philippines. 
Distributed among seven subfamilies and ten genera they are 
listed with their corresponding host or hosts as follows:-

1. Heterophyinae Ciurea, 1924. 
a) Heterophyopsis Tubangui and Africa, 1938. 

Syn. Pseudoheterophyes (Onji and Nishio, 1924) 
Yamaguti, 1939. 
1. Heterophyopsis expectans (Africa and Garcia, 

1935) Tubangui and Africa, 1938. 
Syn. Heterophyes contimms Onji and Nishio, 

1924;.Hetei·ophyes expecta1111 Africa and 
Garcia, 1935; 
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Pseudohcternphyes continua (Onji and Nishio, 
1924) Yamaguti, 1939. 

Hosts: Dogs and ·cats and the bird, Freya tu 
ariel ariel (G. R. Gray). 

II. Galactosominae Ciurea, l~l33. 

b) Stictodora Looss, 1899. 
2. Stictodora sawakinensis Looss, 1899. 

Hosts: Dogs and cats. 
3. Stictodora ;1wnilensis Africa and Garcia, 1935. 

Hosts: Dogs, cats and sea-gull (Larus ridibun
dus Linn.). 

4. Stictodora guerreroi Garcia and Refuerzo, 1936. 
Hosts: Dogs, cats and sea-gulls (Lm"Us ridibun

dus Linn.). 
c) Galactosomum Looss, 1899. * 

5. Galactosomum anguilformn (Tubangui, 1933) 
Tubangui and Africa, 1938. 

Syn. Haplo1·chis anguillarum Tubangui, 1933. 
Host: Anguilla mauretiana 

III. Cryptocotylinae Lube, 1899. 
d) Scaphanocephalus Jagerskiold, 1903. 

6. Scaphanocephalus adamsi Tubangui, 1933. 
Host: Immature forms encysted in the fins and 

under the scales of Lepidaplois mesothorax. 
IV. Apophallinae Ciurea, 1924. 

e) Apophallus Lube, 1909. . 
7. Apophallus eccentl'icus Africa and Garcia, 1935. 

Host: Dogs. 
V. Centrocestinae Looss, 1899. 

f) Pygidiopsis Looss, 1899. 
8. Pygidiopsis genata Looss, 1907. 

Hosts: Dogs and cats experimentally. 
9. Pygidio11sis marivillai Refuerzo and Garcia, 

1937. 
Host: Haliaetres leucogaster (Gmelin). 

g) Phagicola Faust, 1921. 
10. Phagicola. pithecophagicola (Faust, 1931) 

Price, 1936. 

• In a personal communication Prof. G. Witenberg of the University 
of Jerusalem seems inclined to think that the genera Stictodora and Galac
tosomum are identical. 
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Syn. A.~cocotyle pithecophagicola (Faust, 
1920) Faust and Nishigori, 1926 ParasclJ
cotyle pithecophagicola (Faust, 1920) 
Witenberg, 1929; Ascocotyle (Phagicola) 
pithecophagicola (Faust, 1920) Travas
sos, 1930 .. 

Host: Pithecophaga jeffe1·yi (monkey-eating 
eagle). 

h) Centrocestus Looss, 1899. 
Syn. Stamnosoma Tanabe, 1922. 

11. Cenfrocestus formosanuin (Nishigori, 1924). 
Host: Bubulcus ibis coromandus Boddaert 

and Pyerre1·oides manillensi.s; dogs and 
cats experimentally. 

VI. Stellantchasminae Price, 1940* 
i) Stellantchasmus Onji and Nishio, 1924. 

Syn. Diorchitrema Witenberg, 1929. 
12. Stellantchasmus falcatus Onji and Nishio, 192,1. 

Syn. Dio1·chifrema pseudocirrata Witenberg, 
1929. 

Hosts: Man, dogs and cats. 
VII. Haplorchiinae Looss, 1899. 

j) Haplorchis Looss, 1899. 
Syn. Monorchotrema Nishigori, 1924. 
13. Haplorchis pumilio Looss, 1899. 

Syn. Monorchotrema taihokui Nishigori, 1924. 
Hosts: Dogs and cats experimentally. 

14. Haplorchis yokogawai (Katsuta, 1932) Chen, 
1936. 

Syn. Monoi·chofrema yokogawai Katsuta, 
1932. 

Hosts: Man, dogs, cats and the bird, Bubul
cus ibis coromandus Boddaert; and Macca
cus cynomulgus experimentally. 

15. Haplorchis taiclmi (Nishigori, 1924) Chen, 
1936. 

• Price, E. W .-A review of heterophyoid trematodes, with special re
ference to those parasitic in man. (Abstract) Report of Proceedings, 
Third International. CongTess for Microbiology, New York, 1940. 



48 Acta Medica Philippin.a 

Syn. Monorch otrema t .: .:.i.ui Nishigori, 1924; 
Monorchotrema m i.:··· ··~hia Katsuta, 1932. 

Hosts: Man, dogs, cats and cattle egret (Bu
. bulcus ibis coromc:::.;;.,,;o Boddaert) 

16 . Hap/orchis caldc,.oni (Africa :ind Garcia, 1935) 
Africa, 1938. 

Syn. Monorchotrema ca.lduoni Africa and 
Garcia, 1935. 

Hosts: Man, dogs and cats. 
17. Haplorchis i·ani~sima Afr:i:ca, 1938. 

Host: Man. 
18. Haplorchis sisoni Africa. l 938. 

Hosts: Cats and dogs experimentally. 

C. GENERAL LIFE CYCLE OF THE FAMILY 

Looss (52) observed that the adult swages of Cryptocotyle 
and related forms occur only in fish-eating birds and mammals. 
On the basis of this observation he concluded that the final 
hosts had acquired the parasites by eating infected fish. 

The first worker to confirm this view of Looss was Yoko
gawa (93a) who recovered a new hetercphyid (later named Me
tagonimus yokogau:ai) from cats and dogs by feeding them with 
metacercariae encysted in the trout (PCectoglossus altivelis). 
The molluscan host was later found by Muio (65) to be Melania 
libertina in the district of Kaishui, Korea. where from 2 per 
cent to 50 per cent of this snail were found infected with larval 
forms. Long-tailed cercariae with oral and ventral suckers and 
eye-spots, obtained from this snail, were induced to encyst in the 
tissues at the base of the fins and tails as well as under the scales 
of previously uninfected gold fishes. Kittens fed with the meta
cercariae obtained from experimentally infected gold fishes were 
found to be invariably infected with iv!. yok ::.gawai in from twelve 
to fifteen days, judged from the eggs found in the stools of the 
animals. Later researches by the same aJJrthor (65) apparent
ly show that a minimum of at least twenty days stay in the fish 
is required by the metacercaria before it becomes mature or in
fective, proving the absolute necessity of a second intermediate 
host. 

In 1923 Kobayashi (48), evidently influenced by the finding 
of Onji (68) that the Japanese mullet (M·i,;-17 japonicus) serves 
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as the second intermediate host of Heterophyes nocens, dissected 
some Egyptian mullet in Port Said while he was passing through 
that port, and found in them encysted cercariae, which, judging 
from their morphology and position in the fish host, he conclud
ed to be metacercariae of some species of Heterophyes. In the 
same year Khalil (47a) obtained specimens of Heterophyes in
distinguishable from H. heterophyes from the gut of experimen
tal cats previously fed with metacercaria obtained from mullets 
(Mugil cephalus) from Lake :Mensaleh adjoining Port Said. 
Ten years later this same author (47b) working in the same 
locality definitely incriminated the snail Pirenella conica as one 
of the molluscan hosts of Heterophyes heterophyes. 

The life history of Crytocotyle lingua has been worked out 
by Stunkard (80) in a brilliant fashion, proving that the cysts 
which were previously found infecting the cunner are the meta
cercariae of this trematode of gulls and terns, and that the larval 
stages of the parasite occur in the marine snail Littorina lit
torea. 

Faust and Nishigori (29) found that the first intermediate 
host of Monorchotrerna taihokui (Haplorchis pumilio) and M. 
taichui are the snails ivlelania reiniana var hidachiens and M. ob
liquegranosa (fresh-water snails) respectively. These authors 
were able to recover lophocercous cercariae with pigmented eye
spots and a long muscular tail having a fluted keeled margin from 
both naturally and experimentally infected snails, which could be 
induced to encyst in the cartilagenous portions of the tails and 
fins of goldfishes. According to these authors a large number 
of freshwater fishes in Formosa, distributed among three fami
lies, Cyprinidae, Siluridae and Cotilidae, harbor the metacerca
riae of these flukes. 

In 1937 Cameron (14) successfully worked out the life his
tory of Apophallus venustus (Ransom, 1920) in Canada. In his 
own words, the life cycle of this heterophyid trematode is as 
follows: 

"The eggs of the trematode pass into water, embryonate, 
and are swallowed by the snail, Geniobasis livescens. They do 
not hatch in water. In the snail, multiplication through redia 
and daughter redia stages takes place, and cercariae, with long 
flanged tails and pigmented eye-spots, are produced. These es
cape into water, but have a free life of less than 48 hours. To 
survive during this period, they must penetrate the skin of a 
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fish, a great variety of which are successful intermediaries. In 
the muscle of the fish, the cercaria ency51:5 to become metacerca
ria, which is however not immediately infective. Infections of 
the definitive host is by inge5tion of uncooked fish." 

From the above data obtained from the study of the life 
cycle of members of five different genera of the family, re
presenting four different subfamilies, it would seem that .sll 
the members of the family Heterophyid:?.e have a common typ~ 
of liie cycle, i.e., the miracidium, which escapes from the egg, 
penetrates the molluscan host where the larval stages are 
formed; and the cercariae, after leaving the snail, encyst in fish
es, the infection being transferred to warm blooded vertebrates 
(usually fish-eating birds and mammals) when the infected fish
es are eaten. Hence the life cycle of the family bears a close 
analogy to that of the family Opistorchidae. One peculiarity 
of this group of trematodes consists in the fact that they have 
little specificity as regards their final hosts. All the species of 
the genus Monorchotrema (Hap!orchis), and Heterophyes that 
have so far been investigated, aside from occurring as natural 
parasites in man (as well as in birds, in the case of the former) 
develop to maturity equally well in the common laboratory ani
mals, cats, dogs, mice, etc. The present authors have suc
ceeded in establishing infection of H. yokogawai experimentally 
in the Philippine monkeys (Maccaeus cynomulgus). However, 
from purely biological grounds, (if there is any choice at all) 
fish-eating birds would seem to offer the most ideal natural host 
for the maintenance of parasitic cycle since these animals come 
more closely in contact with streams, lakes, and other bodfos 
of water than any other animals known to be infected with mem
bers of this group. 

Some authors, when speaking of the life cycle of members 
of Heterophyidae, show a tendency to qualify the molluscan anrl 
piscine hosts with the prefix "fresh-water," evidently implying 
that the larval stages of this group confine their multiplication 
and encystment in fresh-water snails and fishes, respectively. 
This implication is probably misleading; because it is known 
that some forms of marine fish spawn and leave their progeny 
in fresh-water streams where the young fishes live for some
time and grow before they migrate to the open sea to spend their 
adult life. Members of the family lllugilidae, for instance, 
spend their adult life as marine forms; but when young they 
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are, as a rule, brackish-water dwellers. On the other hand, 
some forms of fish ( Chanos chanos) known to be fresh-water 
dwellers in their adult stage lay their young in the open sea, 
their progenies returning after sometime to brackish or fresh
water lakes and streams to grow to maturity. Thus, fishes 
apparently marine in habitat may get infected with metacer
cariae during their period of juvenile growth in fresh-water 
lakes and streams, and fishes known to be fresh-water dweller:> 
may get infected during their early life in the sea. Asada (10) 
found that the molluscan intermediate host of Heterophys no
cens is a brackish-water snail (Tympanotonus microptei-a) and 
that the cercariae of this parasite obtained from this snail die 
within 20 minutes in fresh-water but live for a long time in 
saline. Furthermore, according to this author, these do not 
attain full development in fresh-water fish, but encyst in ma
rine fishes. The snail and fish hosts of Cryptocotyle lingua, 
Littorina littorea, and the cunner, respectively, are both marine 
forms (Stunkard, 1929). In the Philippines, several marine 
fishes have yielded upon being fed to experimental animals (as 
will be seen elsewhere in this work) a large number of hetero
phyid flukes including members of the genus Haplorchis. 

Looss (52) advanced the view that, although flukes found 
in mammals and birds may appear morphologically indistin
guishable, they should be regarded as physiologically different 
species or varieties. In other words, a single species, according 
to him, does not parasitise both birds and mammals. To put 
it in another way, the flukes after passing through their usual 
developmental parthenogenetic cycle and encysted stage in their 
molluscan and piscine intermediate hosts, respectively, must be 
returned to their avian hosts to complete their life cycle; and so 
vice versa in an analogous way with heterophyids infecting 
mammals. Supporting the idea of Looas, Ciurea (19b) argued 
that bird parasites, although they may develop in mammals, do 
not remain long in the intestine and are soon voided. The same 
results follow, he maintains, when parasites of mammals are 
acquired by birds. Faust and Nishigori (29) on the other hand 
maintain that at least in two members of Heterophyidae, Stam
nosoma fo1·mosanmn and Mo1101·chotrema taihokui (=Haplor
chis pumilio) , the flukes develop equally well in either mammai
ian or avian hosts. Found naturally as adults in the night 
heron (Nycticorax nycticorax), the life cycles of these hetero-
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phyids have been experimentally completed by these authors in 
various mammals, including man. The same evidence is alsc:. 
obtainable from the data of Ciurea (19b) on Apophallus miih
lingi, found as natural infection of Larus ridibundzts and intrll
duced experimentally into the dog; and of Stunkard (80) on 
Cryptocotyle lingua found as natural parasite of gulls and terns 
and experimentally developed in rats. It is probable that the 
same is true of other members of the family. There seem>', 
therefore to be no more justification, as Faust and Nishigori 
(29) have pointed out, for the creation of specific or varietal 
names for heterophyids which are morphologically identical 
even though they are found in birds on the one hand and in 
mammals on the other. 

Faust and Ni~higori (29), Stunkard (80), and other auth
ors hold the view that probably the heterophyids of birds and 
mammals are a!! potential human parasites. On the other hand, 
the results of feeding experiments in Manila by Vasquez-Cole·.; 
and Africa (85a & b) seem to present contrary evidence to this 
view. By feeding dogs and cats with 16 different species of 
marine, brackish-water, and fresh-water fishes, they were able 
to recover 13 different heterophyids distributed among 7 gen
era; but out of these only 4 species so fa1· (Haplorchis yokoga
wai, H. calderoni, H. taichui and Diorchitrema pseudocirrata) 
have been recovered from man in this locality. Stictodora mani
lensis, Stictodora gzterreroi, Haplorchis sisoni, Haplorchis pumi
lio, Heterophyes expectan.~ (Heterophyopsis expectans), Stam
nosoma formosanum, Pygidiopsis genata, Pygidiopsis marivillai 
and Microslistrum sp. have been recovered in great abundance 
from· experimentally infected laboratory animals, but not a sin
gle one of these heterophyids has been encountered in 297 hu
man autopsies performed so far in this work. Haplorchis pu
milio and Stcmmosoma fonnosanum, however, have been experi
mentally developed in man by Faust and '.Nishigori (29), and 
Nishigori (66), respectively, as previously stated. Considering 
the fact that the majority of these fishes have been found to 
harbor the metacercariae of a large number of these hetero
phyids (indeed the Philippine mullet has yielded eight species 
upon being fed to experimental mammals), and considering fur
ther that almost all these forms of fish are eaten raw by a con
siderable proportion of the natives, it would seem that a greater 
number of them than has been actually reported in man in th"! 
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Philippines should occur in this host if really all of them are 
potentially capable of establishing infection in man. But i.n 
spite of the extensive human autopsies especially performed for 
the purpose of looking for heterophyid flukes in the Philippines, 
only five species (including H. vanissima) of this group have 
been so far reported in man in this country. 

Of the five heterophyids recovered from the small intestine 
of man described in this work only the life history of Haplorchis 
taichui has been worked out completely. As already mentiont!d 
Faust and Nishigori (29) have determined Melania oblique gra
nosa (Smith) as the molluscan (first intermediate) host of Hu
plorchis taichui in Formosa. According to these authors, the 
miracidium which hatches from the eggs penetrates the tissues 
of the snail to which it is adapted, and metamorphoses into a 
sporocyst. (This seems to be a distinct departure from what 
has been usually observed in the life cycles of other genera of 
Heterophyidae with respect to the method of infection of the 
snail host by the miracidium. In the case of Apophallus venus
tus, for example, the eggs, as pointed out previously by Cameron 
(14), pass into water, embryonate, and are swallowed by the 
snail, Geniobasis livescens. The same is true in the case of Me
tagonimus yokogawai and other heterophyids whose life cycles 
have been worked out.) Rediae are produced parthenogt!
netically within the sporocysts, and after a period of five to six 
weeks mature cercariae develop within the rediae. The cercaria 
is a lophocercous larva with pigmented eye-spots, and equipped 
with a long, powerful tail having fluted keeled margin which 
whips about violently, and seven pairs of cephalic secretory 
glands. If cercariae freed from the snail are put into a recep
tacle containing gold fishes, they are soon found to crowd around 
the fishes and finally invade their tissues. They become en
cysted on the cartilage of the fins and on the tissue of the palate 
and gill filaments. According to these authors seven species of 
fish, collected from the area of Taichu, Formosa, have been found 
naturally infected with metacercariae of this fluke. They are 
Cyprinus carpio (Linn.), Carassius auratus (Linn), Zacco 
platypes-(T. & S), Pseudorasbora parva (Schlegel), Phodeus 
oceallatus (Kner), Gambusia affinis (Baird and Girard), Cteno
pharyngodon idellus. In the Philippines, the snail host of Ha
plorchi,s taichui or of any other heterophyid for that matter is 
still undetermined, while only one species of fish (Ophicephalus 
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striatus) has been determined se> far to harbor the metacercariae 
of this particular heterophyid. 

The piscine hosts of the majority of heterophyid trematodes 
so far identified or described in the Philippines ·are shown in 
table 2. 

D. SPECIFIC ETIOLOGY AND INCIDENCE 

Five members of the family Heterophyidae have been identi
fied, or described as new forms from 33 autopsy cases with posi
tive intestines, namely (1) Haplorchis yokogawai (Katsuta, 
1932) Chen, 1936, (2) Haplorchis taichui (Nishigori, 1924) 
Chen, 1936, (3) Haplorchis calderoni (Africa and Garcia, 1935) 
Africa, 1938, (4) Haplorchis vanissima Africa, 1938, and (5) 
Diorchitrema pseudocirrata Witenberg, 1929. These parasites 
occurred either singly or in parasitic association of two or three 
species. In addition to these five heterophyids, a member vf 
the family Microphallidae has been found in the intestine, either 
alone or often associated with heterophyid trematodes. This is 
Heterophyes brevicaeca originally described and assigned by two 
of us (C. M. A. & E. Y. G.) to the genus Heterophyes, but 
which upon further study by Tubangui and Africa ·(83) as 
stated elsewhere in this work, has been found to be more closely 
affiliated, and hence assigned to the family Microphallidae and 
renamed by them Spelotrema brevicaeca. 

An unidentified species of Plagiorchis was encountered once, 
and Echinostoma (=Euparyphiura) ilocanum twice among our 
cases positive for heterophyids. These trematodes were recov
ered from cases in which there were absolutely no indication of 
visceral complications. They are believed to have no possible 
etiological relation with the pathological condition we are de
scribing in the present work. It may be remarked further that 
eggs of these trematodes are easily distinguishable from those 
of the heterophyids on account of their relat.ively large size. 

Haplorchis yokogawai occurred 16 times in the 33 positive 
intestines of our series; Spelotrema brevicaeca, 11 times; Dior
ckitrema pseudocirrata, 6 times; H aplorchis taichui, 5 times; 
Haplorchis vanissima, once; and Haplorchis calderoni, twice. 
Haplorckis yokogaivai occurred alone in 13 of the cases; Spelo
trema brevicaeca alone in 6 of the cases; Diorchitrema pseudo
cirrata alone in 1 of the cases; Haplorchis calderoni alone in 
two of the cases; Haplorchis vani.~sima alone in 1 of the cases; 
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Spelotrema brevicaeca and Haplorchis yokogawai together in 2 
of the cases; Spelotrema brevicaeca and Haplorchis taichui to
gether in 2 of the cases; Spelotrema brevicaeca and Diorchitrema 
pseudocirrata together in one of the cases; H aplorchis taich11i 
and Haplorchis yokogawai together in 1 of the cases; and Ha
plorchis taichui and Diorchitrema pseudocirrata together in 1 of 
the cases. 

In 12 cases positive for flukes in the intestine and eggs in 
the heart associated with lesions presumed to be the cause of 
heart failure in these cases, Haplorchi.s yokogawai occurred alone 
in 7 of the cases; Haplorchis taichui alone in 1 of the cases; 
Spelotrema brevicaeca alone in 1 of the cases; Spelotrema brevi
caeca and Haplorchis yokogawai together in one of the cases; 
Spelotrema brevicaeca and Haplorchis yokogawai together in 1 
of the cases; and Haplorchis taichui and Diorchitrema pseudo
eirrata together in 1 of the cases. 

It would thus appear that Haplorchis yokogawai is not only 
ihe most frequently encountered heterophyid in the human in
testine in this country but also the most frequently associated 
with heart and other visceral lesions. It will also be noted that 
Diorchitrema pseudocirrata has never occurred alone in autop
sies in which visceral complications were found. However, this 
observation cannot be taken as an indication that the latter he
terophyid does not actually take part in the production of vis
ceral lesions. The same may be said in the case of Haplorchis 
calderoni and Haplorchis vanissima, both of which did not figure 
at all in autopsies in which visceral complications were noted. 
To us it seems unlikely that organisms of the same group, more 
particularly, of the same genus such as the various species of 
Haplorchis, would behave differently in the same host. For 
this reason, it seems predictable, that Haplorchis calderoni and 
Haplorchis vanissima, which so far have not been recovered in 
our autopsies with visceral complications, may yet in the future 
be found involved. As stated previously 34 out of 297 autop
sies in our series were positive for heterophyid either in the in
testine or in the viscera or in both. From these figures it will 
be seen that in 11.44 per cent of human autopsies in Manila the 
bodies are found to be infected with heterophyid flukes. This 
figure is probably more apparent than real and does not repre
sent the true incidence since, as stated above, our autopsies be
came more or less random and selected during the latter stage 
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of our investigation. Our first 108· autopsies, however, were 
nearly consecutive and uninfluenced or unprejudiced by our 
heart findings since at the beginning of our investigation we 
were still unaware of their existence. Nine of these 108 cases 
were positive for flukes in the intestine, of which five had heart 
lessons; so 8.33 per cent is probably nearer the actual incidence. 

Of the 34 positive cases 15, or about 44 per cent, had been 
shown to have visceral complications. Of these fifteen cases, 
one had lesions in the brain; one had lesions in the spinal cord, 
as well as in the heart; thirteen had myocardial or valvula;: 
lesions presumed to be the cause of the heart failure in these 
cases; while one showed eggs in the heart but apparently un
associated with any serious pathological condition. Since the 
89 enlarged hearts due to various causes, including the thirteen 
presumed to be due to these flukes, have been investigated in 
this work, it would seem that about 14.60 per cent of heart trou
ble in charity patients in the Philippines is caused by heterophyid 
infections. 

E. DESCRIPTION OF SPECIES INVOLVED 

HAPLORCHIS YOKOGA IV Al (Katsuta 1932), 
Chen, 1936 (fig. 1, plate 2) 

Syn.: ltlonol'chotl'ema 11okogawai Katsuta, 1932. 

Chen (16c) gives the following description of this fluke: 
"The worm is generally flattened dorso-ventrally at the 

anterior half, and is oval at both ends. The body 0.54-0.94 mm. 
long with an average size of 0.7 X 0.284 mm., and is armed 
with backwardly directed scale-like spines, either lying flat 
upon the body or standing up obliquely at an angle. They 
gradually disappear near or at the posterior tip of the body. 

"Oral sucker terminal 0.065 X 0.062 mm. ventral sucker 
buried in parenchyma closely associated with the genital sucker 
at the middle of the body to form a ventro-genital-sucker com
plex. Anterior border of the ventral sucker is armed with nu
merous tiny spines, very seldom more than 1 u long, uniformly or 
partially scattered on the surface, surrounded by a semicircular 
row of the same kind of spines which, because of regional dif
ferences, are often more conspicuous. Eccentrically . on the 
spiny surface, or sometimes in the center, there are usually two 
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chitinous structures with an irregular margin of approximately 
5 X 2 u, or there may be a bush of irregular spiny projections 
instead. These structures may not be seen in many specimens 
because of the peculiar position of the ventral sucker. They 
ornament the genital orifice in the genital sinus. The size of 
the surface covered by the spines is about 0.026 mm. diameter 
when round, but very often it may tend to be semicircular, or 
even somewhat irregular. 

"Mouth opens into prepharynx about 0.07-0.13 mm. long, 
intestinal caeca large, reaching the level of the posterior border 
of the testis. 

"Testis large, single 0.142 X 0.119, posterior to ovary. The 
two are often very close together. Directly or obliquely in front 
lies the smaller, round or oval ovary about 0.072 X 0.059 mm. 
Seminal receptacle 0.134 X 0.104 mm. to the right and somewhat 
posterior. Left of the ovary and anterior is the seminal vesicle 
which lies diagonally from left to right and often in two con
structions, anterior portion 0.07 X 0.053 mm. posterior portion 
0.037 X 0.027 mm. A narrow prostate duct goes forward which 
continues as a short ejaculating duct joining the genital sinus. 
Uterus sinous and contains numerous eggs. Vitellaria consist of 
small follicles, all situated behind seminal vesicle. Eggs oval, 
28.48-30.26 u long X 14.24-16.02 u wide, often possesses a mi
nute filament at the posterior pole." 

HAPLORCHIS TA/CHUI (Nishigori, 1924) 
Chen, 1936 (fig. 2, plate 2) 

Syn.: Mono1·chotrema taichui Nishigori, 1924 
Mono1·chotre11UL mici·orchia Katsuta, 1932 

The folfowing is Chen's (16c) description of this fluke: 
"The worm is flattened and slightly narrowed at the an

terior half, but broad and almost cylindrical at the posterior 
half, with extremities gradually rounded off. Body covered 
with scales, more conspicuous at the anterior half and diminished 
in size and number toward the posterior extremity. The average 
size of nine worms is 0.66 X 0.32, length 0.58-076 mm., width 
0.27-0.42 mm. Oral sucker terminal and about 0.06 mm. dia
meter. Ventral sucker buried in the parenchyma slightly to the 
right of the body and closely associated with the genital sucker, 
forming ventro~genital sucker co.mplex. Anterior end of ven-
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tral sucker armed with fourteen to twenty, more often fifteen, 
spines arranged like a fan placed diagonally toward the lower 
right corner of the sucker. The largest spines which are from 
18-21 u long, are at the middle of the fan and those toward the 
edge become shorter and more slender. Some may be as short 
as only 1 u, although rarely. The fan is 0.035-0.053 mm. 
across. 

"Prepharynx conspicuous, about 0.02 mm. long. Pharynx 
is 0.032 X 0.027 mm. Oesophagus slender about 0.09 mm. long. 
The two intestinal caeca are large and extend to the posterior 
end of the bod)·. Testis large, 0.11 mm. long by 0.085 mm. 
wide. In front of it and often close to it is the smaller ovary 
about 0.065 mm. diameter. To the right and somewhat pos
terior is a large seminal receptacle 0.107 mm. diameter. Semi
nal vesicle divided into two parts, the posterior, smaller, 0.036 
X 0.046., the anterior one larger 0.07 X 0.09 mm. The two are 
distinct, having a constriction at the region of junction. They 
are obliquely placed on the left side of the body just below the 
ventral sucker. The anterior seminal vesicle is narrowed !o 
form a tubular prostate duct which continues forward as a short 
ejaculatory duct and opens into the genital sinus. The uterus 
contains numerous eggs, is much coiled, and after a sinus course 
reaches the vagina. Vitellaria consist of small follicles located 
behind the seminal vesicle. Eggs small with a minute filament 
on the posterior end. They are 29.5 X 15.7 u on the average, 
the length varying from 27.3-32 u, and width from 14.24-17.8 u." 

HAPLORCHIS CALDERON/ (Africa & Garcia, 1935) 
Africa, 1938 (fig. 3, plate 2) 

Syn.: Monorchotrema calderoni, Africa & Garcia, 1935. 

Africa ( 6c) describes this fluke as follows : 
"Body small, 0.47 to 0.55 mm. long, 0.25 to 0.26 mm. wid:a, 

pear-shape, covered with scale-like spines except at posterior end. 
Oral sucker subterminal, 0.05 mm. in diameter; prepharyn.x 
short; pharynx ovoid, 0.03 mm. by 0.027 mm.; oesophagus long 
and capillary, 0.15 mm. long, 0.015 mm. wide; intestinal caeca 
tubular, extending to posterior end of body, beyond posterior 
border of testis. 



Africa, de Leon et al: Heterophyidiasis of Man 59 

"Genital sac ringlike, 0.035 to 0.040 mm. in diameter, sit
uated in the median line immediately behind the intestinal bifur
cation and occupied by a small protrusible gonotyl ornamented 
with extremely minute spines generally distributed within a cir
cular area, 0.010 to 0.015 mm. in its central surface. At the bot
tom of the genital sac and continuous with the gonotyl, is the 
rudimentary acetabulum, 0.021 to 0.035 mm. in diameter. 

"The single, large, spherical or slightly ovoid testis, O.iOS 
to 0.126 mm. in diameter, occupies the median field of the pos
terior third of the body. The seminal vesicle consists of three 
very unequal parts; the first or posterior portion is a small 
ovoid thin-walled sac, 0.047 mm. long, 0.042 mm. wide, bent un
der very much larger and longer second sac, or explusor, from 
which it is separated by a short constriction. The expulsor is 
enormously long, 0.23 to 0.35 mm. long, 0.035 to 0.56 mm. wide, 
with a thick (0.0035 to 0.0045 mm.), chitinized wall, running 
alongside and under the left caecum towards the ventro-genital 
sac where it terminates in a short ejaculatory duct in common 
with the vagina. Ovary roundish, 0.055 to 0.080 mm. in dia
meter, situated in the right side of the body about half way be
tween the testis and the ventro-genital sac. Receptaculum 
semenis spherical, 0.070 to 0.103 mm. in diameter, situated at the 
right side opposite the seminal vesicle between the testis and the 
ovary. The oviduct descends from the inferior border of the 
ovary and meets the tube coming from the receptaculum seminis 
to form a common duct which proceeds medially toward the 
ootype. The uterus descends at the left side of the body, and 
after describing several coils in the posterior half of the body 
ascends at the right side alongside the right caecum and then 
turns medially toward the ventro-genital sac where it termi
nates in a vagina with denticulated inner lining in common with 
the ejaculatory duct. The vitellaria are composed of small 
follicles arranged in groups distributed in the posterior third of 
the body behind the seminal vesicle. Eggs, 0.021 to 0.025 mm. 
by 0.011 to 0.015." 

HAPLORCHIS VANISSl.llA (Africa, 1938) 
(fig. 4, plate 2) 

Africa ( 6c) describes this fluke as follows : 
"Body ovoid or elongate, 0.375 to 0.512 mm. long by 0.25 to 
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0.312 mm. wide, covered with mi:tute scale like spines except at 
posterior extremity. Oral sucker sub-terminal, 0.049 mm. ro 
0.060 mm. in diameter; prepharynx 0.028 mm. to 0.038 mm. long 
by 0.018 to 0.035 mm. wide; oe~ophagus 0.0-13 to 0.060 mm. long 
by 0.017 mm. wide; intestinal c;;eca extending posteriorly a little 
beyond the posterior margin of the testis. 

"Genital sac voluminous, 0.143 mm. to 0.158 mm. long, 0.105 
mm. to 0.120 mm. wide, situated transversely across the median 
field considerably beyond the middle of the body, pushing up
ward the intestinal bifurcation in most specimens. Genital sac 
occupied by a large oval and peculiarly ornamented gonotyl, 
0.094 mm. to 0.120 mm. long, 0.087 to 0.105 mm. wide. The ven
tro-genital sac is the most prominent structure in the fluke. 
Surface of gonotyl partia!ly covered with spines, larger and more 
thickly set at edge and becoming smaller and rarer centripetally 
until they abruptly disappear completely in the central area. 
The spines, which vary in length from 0.0042 to 0.0085 mm, 
bear a striking resemblance to bamboo shoots being septate, 
septa two to three, the topmost conical. Left pole of the go
notyl capped with a group of small (0.0015 to 0.0054 mm. in 
diameter), glistening, white, polygonal plates, plates 28 to 32, 
with pavement-like arrangement, and apparently held together 
in position by a pair of large claw-like, chitinous, highly refrac
tile plates (0.033 to 0.042 mm. long from tip to tip, 0.025 to 
0.027 mm. at widest point), which lend a grotesque appearance 
to the fluke. 

"The single testis, 0.112 to 0.175 mm. long, 0.070 to 0.155 
mm. wide, transversely oval, median in location in posterior 
quarter of the body, somewhat removed from posterior extre
mity. Seminal vesicle voluminous, 0.157 mm. long, 0.112 mm. 
wide, placed on left side between testis and ventro-genital sac. 
Ovary oval, 0.087 mm. long, 0.057 mm. wide, immediately in 
front of testis but inclined to right side of body. Receptaculum 
seminis, 0.054 mm. long, 0.45 mm. wide, placed along left side of 
ovary but somewhat anterior to latter. Uterine coils all be
hind the ventro-genital sac. Vitelline glands consist of small 
follicles arranged in groups, all behind seminal vesicle. Eggs 
0.025 to 0.030 mm. by o.ois to 0.021 mm." 
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STELLA.VTCHAS.l!US F.-lLC,lTL"S (Onji and Nishio, 1916) 
(fig. 5, plate ·2) 

Syn.: Diorchitremn pseudocirrntn* Witenberg, 1929: 
Witenberg (90a) describes this fluke as follows: 

"They are small worms reaching 0.3-0.6 in length and 0.2-
0.3 mm. in breath. The body is almost round in cross se~tion, 
the anterior portion being narrower than the posterior one. 
The whole body, except the most posterior part, is covered with 
small spines. 

"The oral sucker is 0.04-0.05 mm. in diameter; the pre
pharynx is 0.01-0.04 mm. the pharynx 0.03-0.04 mm. the oeso
phagus 0.07-0.14 mm. in length. The intestinal bifurcation is 
situated in front of the middle of the body; the intestinal caeca 
are equal, sometimes thicker than the oesophagus and reach the 
anterior borders of the testis. 

"The testes lie at the rnme level at the posterior border of 
the body. They are globular or slightly elongated and measure 
0.06-0.12 mm. in diameter. When they are small they are sepa
rated from each other by the stern of Y-shaped excretory vesicle, 
but usually they are large and adjacent. 

"The globular ovary, 0.03-0.05 mm. in diameter, lies in front 
of the testes to the right of the middle line. To the left and a 
little behind it lies the seminal receptacle, which, according to 
the amount of distention, may be larger or smaller than the 
ovary. 

"The vitellaria consist of 20 to 40 large elongated follicles 
dispersed between the dorsal surface of the body and the testes. 

"The vasa efferentia open into a small, usually globular 
seminal vesicle, 0.018-0.037 mm. in diameter, connected· with a 
short tubule with the expulsor. The latter is oval and relatively 
very large, being 0.07-0.10 mm. long and 0.04-0.06 mm. wide, 
with very thick walls in which spiral fibers are clearly seen. It 
lies in the middle portion of the body at the left side and is 
oblique to the long axis of the body. A short ejaculatory duct 
rises from the expulsor and unites with the end portion of the 
uterus. The junction of the uterus and ejaculatory duct is sur
rounded by a mass of prostatic cells. 

•In default of Onji ancl Nishio's original description of Stel/antchasm11s 
falcat11s Witenberg's description of DiorchitTema pseudocin·ata, which is 
believed to be an identical specie., is used here. 
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"The uterus in adult specin:.ens fills the whole free space 
between the expulsor and testes. It joints the ejaculatory duct 
to form a short hermaphroditic duct opening into the genital 
aperture. The latter opens on the dorsal wall of the ventro
genital sac at the base of the small ventral sucker, 0.03-0.04 mm. 
in diameter. The ventro-genital sac lies to the left of the mid
dle of the body. 

"The eggs are oval, 0.018-0.021 mm. in length and 0.009-
0.012 mm. in width." 

SPELOTRI:;.11.-l BREVIC.-lEC.4 • (Africa and Garcia, 1935) 
Tubangui & Africa, 1939 (fig. 6, plate 2) 

Syn.: Hete1·ophyes brevicaeca Africa and Garcia, 1935. 

The following is the description given by Tubangui and 
Africa (83) for this. fluke: 

"Body pyriform to triangular in outline, thinner anteriorly 
than posteriorly, 0.5 to 0.7 by 0.3 to 0.4 millimeter; in preserved 
specimens dorsal surface convex, ventral surface concave, with 
acctabulum prominently elevated. Cuticle armed with scale 
like-spines from anterior end to posterior level of vitellaria. 
Oral sucker subterminal, 0.065 to 0.095 millimeter in diameter; 
acetabulum slightly larger than oral sucker, 0.080 to 0.105 milli
meter across, at middle of body length behind that level in well
extended specimens. Prepharynx very short, in most of the 
specimens practically absent; pharynx 0.032 to 0.034 by 0.034 
to 0.043 millimeter; oesophagus 0.08 to 0.09 millimeter long, 
with relatively thick walls but narrow lumen; intestinal caeca 
wide in diameter but short, only 0.15 to 0.19 millimeter long, not 
reaching posteriorly beyond middle level of acetabulum. Genital 
pore near left margin of acetabulum, communicating with a 
small genital sinus. 

''Testes globular to oval, postovarial, 0.052 to 0.075 by 0.067 
to 0.094 millimeter with zones coinciding and fields widely sepa
rated, one on each side of body behind level of acetabulum, and 

*This parasite, although not a heterophyid, is included here because 
it figured among the small trematodes incriminated in this work. Dr. E. 
W. Price of the Zoological Division, Bureau of Animal Industry, Washing
ton, D. C. suggests the term heterophyoid for flukes which bear strong 
resemblance to members of Heterophyidae but which can not be included 
in this family on account of either morphological or physiological reasons.. 
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more or less completely concealed in ventral view by anterior 
vitelline follicles and uterus. Seminal vesicle large, pyriform, 
0.090 to 0.110 by 0.055 to 0.075 millimeter, crowded in between 
intestinal caeca and acetabulum and slightly overlapped by the 
latter; in contracted specimens it is displacej posteriorly, dorsal 
to acetabulum. Seminal vesicle followed by a short prostate 
and then a long coiled ejaculatory duct which opens into the 
genital sinus through the apex of a muscular, cone-shaped body 
(kegelformiger Korper) that measures 0.037 to 0.045 by 0.030 
to 0.034 millimeter. 

"Ovary slightly oval, usually a trifle larger than the testes, 
0.052 to 0.098 by 0.067 to 0.105 millimeter at or near middle of 
body length, on right side of median line, between acetabulum, 
right intestinal caecum and right testis. Seminal receptacle ab
sent. Uterus moderately long, loosely coiled, mostly postaceta
bular, its terminal portion (metraterm) opening into genital 
sinus near base of conical body and to the left male genital open
ing. Vitellaria prominent, mostly posttesticular, follicular con
sisting of two groups of 7 to 9 (usually 8) oval to roundish folli
cles each. Small vitelline reservoir and shell gland median, im
mediately behind acetabulum. Eggs small, yellowish, opercu
lated, 15 to 16 by 9.4 to 10 microns." 

"Excretory pore dorsoterminal at posterior end of body; ex
cretory bladder V-shaped, its branches reaching anteriorly to 
level of acetabulum." 

F. DESCRIPTION OF THE EGGS 

The mature egg of Haplorchis yokogawai (fig. l, plate 3) 
which appears in the feces is light yellowish-brown almost ovoid, 
gradually narrowed from the middle toward the opercular pole, 
its width being greatest at the equator. The egg shell is com
paratively thick, its thickness being more or less even through
out except near the opercular area where it widens a bit as it 
joins the operculum (which is like an inverted watch-glass), 
and at the abopercular pole where it often thickens to form an 
external protuberance or tuberculation. Unlike the Clonorchis 
egg in which the operculum is comparatively smaller thus giv
ing rise to a more exaggerated shoulder, in this egg the oper
culum is broad and seems exactly to fit the rim of the egg shell 
proper. For this reason the egg of Haplorchis yokogawai has 
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a more rounded anterior contour than the Clonorchis eggs, 
although there is also present in the former a slight shouldring. 
At the posterior end there is, in about 40 per cent of the eggs, 
a distinct external thickening or tuberculation which reminds 
one of the Clonorchis egg. This thickening is absent in about 
50 per cent and rather exaggerated in about 10 per cent of the 
eggs examined. Not infrequently the thickening forms a sot·t 
of spike which may end in a filament. This latter characteris
tic may be a sign of immaturity. 

The interior of the egg is almost filled up by a larva (mira
cidium) covered with a number of long delicate cilia except at 
the anterior conical end. Faust and Nishigori (29) were able 
to describe two lateral ducts just behind the conical end of tho:? 
larva which they think are the openings of symetrical unicellu
lar glands, producing histolytic ferments that enable it to pene
trate the tissues of the molluscan host. The epithelium of the 
larva is composed of a number of polygonal cells formed in a 
definite pattern. These cells are often seen deeply stained and 
very prominent in eggs found in histological sections of in
fected viscera stained with haematoxylin and eosin. The eggs 
measure from 0.028 to 0.030 mm. long, and 0.014 to 0.016 mm. 
wide. 

The above description can be applied to the eggs of other 
members of Haplorchis except for their differences in size and 
other minor details. For instance, in Haplorchis taichui (fig. 2, 
plate 3) the thickening at the abopercular end is absent in only 
33 per cent of the eggs; a slight thickening is present in 56 per 
cent; and the thickening is very pronounced or exaggerated in 
11 per cent of the eggs examined. The eggs of H. taichui are 
slightly larger than the eggs of H. yokogawai, their length vary
ing between 0.027 and 0.032 mm., and their width between 0.014 
and 0.017 mm. In general appearance, the eggs of H. calderoni 
and H. vanissima are like the eggs of Haplorchis yokogawai and 
H. · taichui; and, if there is any difference at all, it is only in 
size, as above stated. 

Superficially, the eggs of Diorchitrema pseudocirrata look 
like the eggs of Haplorchis. Closer examination, however, will 
reveal the complete absence of the thickening or tuberculation 
at the abopercular end, which, as above stated, is found in about 
40 per cent of the eggs of H. yokogawai and in about 56 per cent 
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of the eggs of H. taichui. This thickening was not found in 
more than two-hundred eggs examined. The shouldering at the 
opercular end is even less conspicuous in the Diorchitrema than 
in the Haplorchis. The eggs of Dio1·chitrema pseudocirrata are 
very much smaller than those of the members of the genus Ha
plorchis involved in this work. Their length measures between 
0.018 and 0.021 mm. long and their width between 0.009 aml 
0.012 mm. wide. 

In general appearance the eggs of Spelotrema brevicaeca 
(fig. 3, plate 3) are similar to those of the Haplorchis, but they 
are apt to be relatively wider and consequently more nearly ovoid 
than the eggs of the latter. They are also very much smaller, 
measuring between 0.015 and 0.016 mm. in length and between 
0.0094 and 0.010 mm. width. 37.66 per cent of the eggs are 
without any thickening at the abopercular end; 56.66 per cent 
have a distinct thickening or tuberculation; while in 8.68 per 
cent the thickening is very pronounced and apt to end in a fila
mentous process. 

G. DESCRIPTION OF THE METACERCARIA 

In general the metacercaria of heterophyid trematodes is 
an ovoid opalescent body scarcely visible to the naked eye. The 
locality where it is more abundant varies with the species of 
fluke and the piscine (second intermediate) host. For instance, 
the metacercaria of Haplorchis yokogawai is more abundant in 
the muscles of the caudal half of Arius mani"llensis than else
where in the body of this fish. The encysted larva is easily 
teased out from the muscle fibers, there apparently being very 
little effort, if at all, to encapsulate the larva by fibrosis on the 
part of the piscine host. When viewed under the microscope, 
even under low magnification, the larva which it contains i;; 
found to be actively moving inside, thrusting its cephalic end 
now here, then there, its whole body simultaneously contract
ing and relaxing incessantly, the organism being apparently 
never at rest while alive. The larva also performs rotatory mo
tions or at times only sways from side to side. For this reason 
it is hard to make out the internal structures of the larva. In 
order to immobilize the larva for purposes of study, it is decap
sulated by applying a gentle pressure on the coverslip and then 
the excess fluid (normal saline solution is used for this purpose) 
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is drained by blotting paper applied at the edge of the coverslip. 
A good view of the internal structures of the flattened out larva 
can then be obtained. 

The following descriptiond of the metacercariae of .three 
flukes involved in this work, namely Ha,plorchis yokoga,wa,i, H. 
ca,lderoni and Diorchitrema pseudocirra,ta,, have been based on 
careful examinations of a considerable number of larvae in the 
fresh state, which were part of those used for experimental feed
ings of laboratory animals done in this institute to determine 
the piscine intermediate hosts of Philippine heterophyid trema
todes. The specific identity of each one of these metacercariae 
has been ascertained by the recovery of their corresponding 
adults in laboratory animals. The piscine intermediate host or 
hosts of each of these three heterophyids together with those of 
other members of this group have been determined by feeding 
experiments as shown in table No. 2. A more detailed morpho
logical study of the heterophyid metacercariae so far identified 
in the Philippines is being prepared for publication by Dr. Ana 
Vasquez-Colet of this institute in collaboration with one of us 
(C. M.A.). 

The Metacercaria of Haplorchis yokogawai (fig. 4, plate 3) : 
The metacercariae of this heterophyid are ovoid, opaque, greyish 
or pearly-looking bodies, measuring on the average 0.180 mm. 
long and 0.146 mm. wide. Some of them appear rounded or 
spherical but this is probably because the cysts were viewed end
wise. The cyst wall is relatively very thin hyalin, less than two 
microns in thickness, and appears as a single line under low 
magnification. The cysts are apparently very loosely attached 
to the muscles, since the slightest manipulation of bits of fish 
flesh cause them to drop to the bottom of the dissecting dish. 
Within is a motile larva, which is usually doubled up because it'! 
length is very much greater than the containing cyst. Although 
the larva is moving incessantly, under high magnification, the 
outline of the alimentary system, the two pigmented eye-spots on 
the anterior end of the larva, and the very prominent and pulsat
ing excretory bladder containing black granules at the posterior 
region are often distinctly seen. Even the position of the ven
tro-genital-sucker complex is occasionally revealed, when the go
notyl with its tiny ornamental spines generally distributed over 
its surface and a pair of shiny plates, frequently with bushy 
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outgrowths, comes to view. The larva is covered with tinv 
scale-like spines, except at the very posterior end of the body. 
The testis and the ovary, although already present at this stage, 
are often obscured by the excretory bladder. 

When the larva is decapsulated and flattened under the 
coverslip, a more positive view of the internal structures is pre
sented. The excysted larva measures 0.426 mm. long and 0.184 
mm. wide. The alimentary system is more or less completely 
formed, consisting of a mouth surrounded by an oral sucker, a 
prepharynx, pharynx, oesophagus and intestinal caeca, which 
reach beyond the testis posteriorly. The excretory bladder, 
which is very prominent in the encysted larva, has become very 
much reduced in size and pushed to the posterior extremity. In 
front of the excretory bladder lies the single testis, which is seen 
as a large globular whitish or greenish granular body. Imme
diately in front is a similar though smaller body, the ovary. 
Midway between the ovary and the intestinal bifurcation lies the 
ventro-genital-sucker complex. This structure consists of a pear
·shaped cellular dorsal portion (the rudimentary acetabulum) 
buried in the mesenchyma, and a noncellular ventral portion, the 
gonotyl, which bears numerous ornamental spines with general 
distribution and a pair of relatively larger and shiny plates which 
may be plain or provided with bushy outgrowths. It will thus 
be seen that, even at its encysted stage, the fluke already bears 
the morphological characteristics of the adult. In fact, no one 
who is familiar with the morphology of Haplorchis yokogawai in 
its adult stage will upon seeing the character of its metacercarial 
stage hesitate to connect the two stages. In some of the meta
cercariae, however, these structures described above are either 
partially or completely lacking. These are probably the imma
ture individuals which if ingested even by a suitable vertebrate 
host fail to develop. 

The Metacercaria of Haplorchis calderoni: The encysted 
larva of H. calderoni is more or les13 similar to that of H. yoko
gawai in size and general appearance. It measures on the aver
age 0.186 mm. long and 0.142'mm. wide. Examination of decap
sulated and flattened larva, however, will reveal specific differ
ences in the internal structures. Whereas in H. yokogawai the 
intestinal caeca reach beyond the posterior level of the testis 
posteriorly, in H. calderoni these organs extend only as far as 
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the middle of the testis. The very long seminal vesicle which is 
characteristic of the adult fluke is already very conspicuous in 
its larval stage. The ventro-gcnital-sucker complex is also pear
shaped, consisting of a cellular dorsal portion (the rudimentary 
acetabulum) buried in the mesenchyma and a ventral noncellu
lar portion, or gonotyl, showing on its surface very minute spines 
which are even smaller than and not so numerous as the spines 
in the gonotyl of H. yokogo1cai. The pair of plates observed in 
the gonotyl of H. yokogawai is absent in the gonotyl of this fluke. 
The excretory bladder, testis, and ovary assume the same gen
eral characteristics and positions as those in H. yokogawai. As 
in H. yokogawai the larval stage typifies the adult in this fluke. 

The Metacercaria of Diorchitrema pseudocirmta: Macro
scopically the cyst of this heterophyid can not be distinguished 
from those of the Haplorchis. It is an oval body measuring, on 
the average, 0.268 mm. in length and 0.190 mm. in width. There 
is a large black mass opposite the oral sucker. The cyst wall 
is thin hyalin, about 2 microns in thickness, appearing as a single 
line under row magnification. Under higher magnification, espe
cially in excysted specimens, the difference between this cyst 
and those of the Haplorchis becomes very evident, because of 
the two testes, which lie side by side in the same level at the 
posterior end. Other structures visible are the· ovary, the ex
cretory bladder, the large seminal vesicle, of which the middle 
or expulsor portion bears spiral fibers, the ventro-genital-sucker 
complex, the excretory bladder, and the completely formed ali
mentary system. 

We have never recovered Spelotrema brevicaeca from ex
perimental animals fed with metacercariae obtained from the 
flesh of Philippine fish, whether fresh or marine forms. In 
two extensive sets of feeding experiments to determine the pis
cine intermediate hosts of Philippine heterophyid trematodes 
performed in Manila · (85a & b) which involved sixteen dif
ferent species of fresh water and marine fish and which yielded 
the adults of thirteen different species of heterophyids, not a 
single specimen of Spelotrema was recovered from any one of 
the experimental animals. This finding is in accord with the 
view that the microphallids do not utilize fish as second inter-
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mediate host. Ochi* (1928) found encysted larval trematodes in 
the muscles of Macrobrachium nipponensis {a species of crab), 
which, upon being fed to albino rats, puppies, and cats, developed 
into mature specimens of Spelotrema {Levinseniclla) minu.~. 

According to Young (95) the cercaria of Levinseniella cru.zi 
{ ?) , which belongs to the ubiquita group of Lebour, inhabits the 
snail Olivella biplicata. From here it passes to the sand crab, 
Emerita analoga, which later, when eaten by the birds, infects 
them with the adult trematodes. In view of these facts the 
metacercariae of Spelotrema brevicaeca will most likely be found 
in certain species of Philippine crabs. In this connection it may 
be mentioned that raw crabs form a substantial item in the diet 
of many Filipinos. 

VI. PATHOLOGICAL ANATOMY 

A. SMALL INTESTINE 

In no instance does the small intestine show any gross 
change that would suggest the presence of the flukes in the deep
er tissues. The only gross changes noted are slight congestion 
and petechial submucous hemorrhages, a finding not infrequent
ly encountered in other diseases, although specially common in 
cases of sudden death and beriberi. 

While flukes could be demonstrated in the intestinal scrap
ings in almost all of the cases studied, lack of definite lesions in
dicating their presence in a locality does not permit us at this 
time to observe the local reaction of the intestinal tissues to the 
presence of the worms. Numerous attempts have been made to 
study the local reaction against the parasites in situ by extensive 
histological sectioning of the intestine at different levels but so 
far we have not succeeded. We can, however, surmise from the 
results of experiments in animals by Yokogawa {93a); Ciurea 
(19b); Faust and Nishigori (29) ; and Africa {6a & b) that 
there probably are not much local reaction in the intestine to 
their immediate presence. Lack of intestinal symptoms even 
in our most heavily infected cases may also be taken as an indi
cation that tissue reaction in this organ is insignificant. 

• Ochi, Sigeru.-Pri Microphallus minus n.sp. nova trematodos peco, 
kies Ia interhusto esos "Palaemon", speco de salikoko (Japan). C. To
kio Izi Sinsi, No. 2578, 1928. 
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From the results of their experiments in cats, dogs, and 
rats, Faust and Nishigori (29) surmised that on the whole the 
pathological changes due to the presence of these trematodes in 
the intestine are usually negligible, except in cases of very heavy 
infection in which extensive stretches of the mucosa may be
come involved and give rise to mild digestive disturbances and 
even persistent diarrhea. They also mentioned that the in
testinal epithelium may become slightly atrophied and wide 
stretches of solitary intestinal glands are occasionally seen. 

Africa (6a & b) in his experiments with pups and kittens 
involving Haplorchis yokagaicai (Katsuta 1932) observed very 
mild tissue reaction around the worms in the intestinal wall. 
He remarked further that the general absence of attempts to en
capsulate the parasites by fibrosis may account for the filtration 
of eggs into the general circulation observed in human cases. 
Apart from flattening or pressure necrosis of the epithelium at 
the bases of the villi or glandular crypts occupied by the worms, 
and slight endothelial proliferation observed occasionally around 
the parasites that lie in the tunica propria, and still more rarely, 
mild fibrosis around the worms, there are no other pathological 
changes recognizable. Polymorphonuclear leucocytes, especially 
eosinophiles, are scarce and foreign-body-giant cells are con
spicuously absent quite in contrast with what is usually observed 
in the case of other helminths or their eggs buried in the tissues 
of the host. 

B. HEART 

1. GROSS LESIONS 

Grossly, the heart shows nothing definite and specific. It 
is somewhat dilated, with slight thickening of the musculature, 
specially noticeable on the right side, which are gross patholo
gical findings on which the diagnosis of cardiac beriberi is usual
ly made. In those hearts, however, with thickening or sclerosis 
of the mitral valvular leaflets, the hypertrophy is considerably 
more marked on the left side. Subepicardial hemorrhages, pe
techial and diffuse, are quite frequent and prominent findings. 
These may be present in any locality, but are more common and 
marked on the right side. 

When any of the valves are involved, as in five of our 
cases, the leaflets are thick, hard, and opaque. The contour is 
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undisturbed. The endocardial surface, except in one case, is not 
disfigured by ulcerations or scar formation or adhesions betwQen 
adjacent leaflets, as is commonly observed in active infective 
endocardial involvement, or in its healed state. On the contrary, 
the surface of the valve in most of our cases is perfectly smooth 
and the leaflets are separate and distinct. The valve is dis
tinctly thickened and indurated because of fibrosis, which in 
the cases studied is confined to the periphery with deposition 
of calcium in the central interior. These valvular features, 
characterized by thickened, indurated, or calcified leaflets un
distorted and free from adhesions, with perfectly smooth endo
cardial surfaces, and presenting no evidence that might indicate 
previous inflammatory endocardial involvement, rheumatic or 
otherwise, have from time to time prior to this work come un
der the observation of one of us (W. de L.) at the autopsy 
table. To this condition, the noncommital diagnosis of valvu
lar sclerosis has been usually given. 

2. HISTOPATHOLOGY 

(a) l'rlYOCARDIUM 

Histologically the lesions in the heart can be divided into: 
(1) acute or of recent development, of a purely vascular nature; 
(2) relatively chronic but specific, incited by a more or less 
prolonged residence of the eggs in the cardiac wall; (3) fibro
sis following absorption of the specific tissue reaction or of 
chronic edema. 

The acute lesion being in the nature of an acute vascular 
response is generalized in the entire cardiac area, and, except 
for the intensity, partakes of the same nonspecific characteris
tics noted in other vascular changes due to other causes. Its 
nature can only be diagnosed in association with the findings 
of eggs in the musculature and with the eventual demonstration 
of the more specific chronic local tissue reaction. The acute 
tissue changes are more marked and more easily detected in 
and around the areas of haemorrhages where eggs are al::;o 
found in considerable numbers. 

The acute lesions consist of (1) marked interstitial and 
subepicardial edema, (2) intense capillary injection, with ha<>
morrhages in the epicardium and myocardium, and (3) capillary 
embolism and fragmentation of the muscle fibers. 
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Edema:-The edema is very extensive, stretching to the 
maximum all the available spaces that can possibly be flooded. 
It might be termed dropsy, since the muscle fibers themselves 
are not much involved. The fluid penetration is so great that 
the epicardial lining is rendered very thick and the outline of 
the cells lining the numerous and intricate tissue spaces arc 
rendered definitely visible. The minute spaces between muscle 
bundles have become very much exaggerated and the delicate 
fibrous tissue fibrils stand out clearly, definitely, and distinct
ly, forming a network in the meshes of which the engorged 
capillaries can be seen as small rounded islets in cross section 
or as cords in longitudinal section. This marked edema, in the 
absence of any observable hypertrophy of the muscular fibers, 
is perhaps mostly responsible for the apparent increase in the 
size of the heart. 

One can not fail to notice, when examining histological sec
tions of these hearts, the intensity of the vascular engorgement. 
Not only are the larger capillaries found in spaces between mus
cle bundles affected, but also the very minute one-cell-size capil
laries found in between the individual muscle fibers. Under 
the low power, the latter condition may be taken as intramus
cular haemorrhage, but on careful observation under the high 
power, one can see that the cord of the single row (file) of red 
cells is well contained in dilated minute capillaries. The in
jected vessels stand out prominently into the edematous spaces, 
where their color contrasts markedly with the unstained watery 
surroundings. 

In the epicardial regions, the more superficial and larger 
vessels, not being amply supported on all sides, break up and 
a more or less diffuse haemorrhage results which is even more 
visible grossly on the surface of the heart. Frequently deeper 
vessels break into haemorrhage, evidently due to the presence 
of enormous numbers of eggs in their lumen (egg emboli) or to 
the presence of egg shells (shell emboli) (Fig. 1, plate 5). 

Embolism and fragmentation of muscles:-The lesion that 
is of much significance is the formation of capillary emboli in 
vessels where eggs are present in sufficient numbers to block 
the capillaries, forming egg embolism. In some sections such 
as in (fig. l, plate 4) there is such an embolus formation, but the 
capillaries have not as yet been ruptured. In this figure, the 
blood vessel wall is still intact, but around the eggs the red blood 
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cells are beginning to show signs of degeneration and clumping. 
Here and there, in spaces created by the fragmentation and re
traction of muscle fibers, are masses of ill-defined conglomer
ated cells about the eggs. These are taken as disintegrated 
red cells discharged from the broken capillary, the site of egg 
embolism. What probably happens is that the eggs upon block
ing a capi!I~ry vessel, produce sudden iscl:iaemia distad, thereby 
setting the individual muscle fibers, which depend for their 
nourishment upon this supply, in violent convulsions, ending in 
fracture of the individual fibers. The blocked and engorged 
capillary now lacking support on all sides ruptures and eva
cuates its contents. This may explain the identical positions 
of the eggs in the different sections, i.e., ova in spaces between 
fragmented and retracted muscle fibers and adhering to them 
are granular debris of conglutinated red cells (fig. 2, plate 4). 
Not infrequently very large numbers of ova intermixed with 
granular debris are found packed in wide and long stretches of 
spaces in between muscle bundles (fig. 2, plate 5). This lat,. 
ter finding may be interpreted as haemorrhages resulting from 
egg emboli of larger vessels which have dissected apart the 
muscle bundles. Occasionally also are found what appear t.:i 
be intravascular clots consisting of fibrin mass and conglutin
ated remains of disintegrated erythrocytes within larger ves
sels which in serial sections show encrusted in them here and 
there at different levels or depths eggs much after the fashion 
of raisins in bread (figs. 1 & 2, plate 6). 

Chronic specific lesions:-What we consider here as chron
ic specific lesions consist of well-circumscribed and well-con
trasted sheets or columns of deeply basic staining tissue made 
up of cells of the monocytic and histiocytic types of endothelial 
cells in the older ones densely packed in a groundwork of fibrous 
tissue (figs. 1 and 2, plate 7; fig. 1, plate 8). In the 
younger lesions intact erythrocytes are seen intermixed with 
the endothelial reactive tissue cells. While lymphocytes are 
occasionally encountered among the endothelial cells, polymor
phonuclears (both neutrophiles and eosinophiles) are scarce or 
completely absent. No foreign-body giant cells have been en
countered so far in the examination of thousands of histological 
sections. This peculiar specific reaction seems to be a response 
to the spilled contents of the eggs, or substance that emanates 
from them, and, not to the presence of ·intact eggs themselves 
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as this tissue is spread over a large area where eggs and shells 
are found, but the reacting cells do not gravitate around them 
as centers to form typical egg-tubercles, as is usually the case 
with infection of other helminth eggs, such for instance as those 
of schistosomes. The eggs or broken shells are within this mass 
of tissue reaction, but they may be located either in the peri
phery, in the middle, or in any intermediate position, and the 
concentration of the reacting cells remains more or less even 
throughout, unaffected by the number or proximity of the eggs 
(fig. 1, plate 17). In view of this apparent indifference of the 
reactive cells to the presence of the eggs themselves in their 
midst, the ova are considered here to have played a mere mechan
ical part in the production of these lesions. In other words, 
the cellular reaction is apparently intended principally to or
ganize and repair whatever damages have resulted from hae
morrhages, embolism or thrombosis, presumably caused by the 
plugging of vessels with ova. The possibility is also suggested 
that a substance contained in this ova and peculiar to them 
is diffused from them to the surrounding tissue through im
paired opercula or broken shells, and that this substance, by 
virtue of certain chemotactic influences, invites or incites this 
peculiar and perhaps specific cellular proliferation. 

These lesions stain heavily with haematoxylin, which im
parts to them a characteristic tinctorial appearance, assisting 
greatly the microscopist in spotting them, or the presence of 
the eggs in them or in their immediate vicinity. Indeed, time 
and again, as mentioned earlier in this work, we have been 
guided almost unerringly by this specially stained and peculiar 
reactive tissue to the exact spot of trouble in our examinations 
of myocardial sections. Older areas, while retaining the re
latively heavy haematoxylin stain, become more frankly fibrous 
in nature and arrangement apparent even under low mag
nification (fig. 2, plate 9). 

These reacting tissues are found at the sites of haemorrhage 
or embolic or thrombotic processes and seem to follow the clots 
even in the remotest regions. We found them, for example, not 

"only at the sites of broken vessels in the interstitial spaces be
tween muscle fasciculi, but also stretching through broken mus
cle fasciculi to some distance from the main trunk. The con
trast that this peculiar reacting tissue makes with its surround
ings can be graphically gained through the familiar picture 
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exhibited when a basal cell type of carcinoma or epidermoid 
carcinoma sends out compact columns of a deeply staining and 
a well-circumscribed carcinomatous mass of cells to invade the 
deeper tissues in the vicinity. This tissue reaction is mostly 
found in sections near the apex of the heart, where it is sur
mised, the eggs have more opportunity to become residual by 
being much removed from the bigger arterial trunks and strong 
blood currents that can push them off to circulate. In these 
rather remote positions, possibly aided by gravity, the eggs are 
able to settle more permanently. 

The other chronic histological manifestation that may be 
considered as part of the process and that follows the lesion 
just discussed, consists in fibrosis, which, except for some very 
fine hardly detectable differences, however, can not very well 
be distinguished from the fibrosis following other inflammatory 
processes (figs. 2 and 3, plate 11). Were it not associated with 
specific chronic localized lesions just described, very likely these 
fibrotic changes would just be taken for any non-specific healed 
or sclerotic lesions. This fibrosis seems to develop very soon 
after the absorption of the typical reacting reticuloendothelial 
cells and to arise from the network of young connective tissue 
that serves as the groundwork of the reactive cells. It seems to 
fill exactly the space occupied by the reacting reticuloendothelial 
cells and shows no evidence of even a mild degree of retraction 
that usually follows the healing of any injury. In general, the 
resulting connective tissue sheets that are found in the site of 
the infection with eggs look very smooth and neatly laid out, 
homogenous in texture, and lack the ruggedness of the outline 
and the surface irregularities usually encountered after repair 
of infectious inflammatory lesions. This irregular architec
ture of post inflammatory fibrosis in the gross contributes to 
the scarred appearance of the organ. The smoothness in the 
fibrous ·tissue proliferation that follows heterophyid egg in
fection is probably responsible for the slight but smooth en
largement noted in the size of the heart without the associated 
irregularity due to the scarring of the surface. 

(b) VALVES 

Histologically, the mitral valves which are involved in five 
of the positive hearts constituting the present series reveal a 
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thick external coating of fibrous tissue undergoing different 
stages of hyalinization converging upon the central areas in 
which calcification has taken place. Diligent search under the 
high power revealed the presence of a number of eggs, some still 
intact, others krinkled and apparently in a stage of long mum
mification, and still others broken to pieces in various loca- · 
tions, sometimes in the interior of the calcified areas (fig. 2, 
plate 12), sometimes on the edges of these areas, and at other 
times in the fibrous-tissue elements (fig. 1, plate 12; fig. 1, 
plate 13). Many empty eggshells could be demonstrated en
crusted in the calcified mass (fig. 2, plate 13), while larger num
bers are found in empty spaces evidently v:-.cated by fragments 
of detached calcified matter which were lost in the technical 
preparation of the sections. In view of this fact, it is surmised 
that the number of eggs we have been able to demonstrate in 
these localities probably does not represent the original number 
present. The eggs are so minute that they are quite inconspi
cuous under the low power, especially when enmeshed with cal
cified masses-a fact which perhaps explains why they have 
been missed hitherto, despite the countless histological exam
inations of possibly infected tissues that must have been made 
in the past. As a matter of fact, two of the hearts considered 
in this report are old museum specimens from which histologi
cal sections must have been prepared and examined in the De
partment of Pathology and Bacteriology of this same university 
previously; and the fact that these eggs were missed then, is, 
to our mind, quite natural, considering the fact that in histolog
ical examination of pathological tissues the low power is, as 
a rule, used to explore the slide, which is usually discarded when 
no apparent sign of tissue abnormality is present. We have to 
admit that, were it not for the fact that we strongly suspected 
the presence of these eggs in the cardiac musculature on ac
count of some very strong clues we mentioned in our first pub
lication on this subject and, further, were it not for our fami
liarity with the size and appearance of these eggs, we also 
would probably have missed these ova in our first attempt to 
demonstrate their presence in the first heart we examined in 
the beginning of this investigation. 

The less hyalinized portion of the fibrous tissue shows ede
ma, and contains capillaries which are just as greatly injected 
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as are those found in the myocardium. From the presence of 
such highly injected vessels, one would hardly suspect that the 
valves were poor in blood supply. Congregations of lympho
cytic and plasma cells may be found here and there among the 
fibrous tissue elements, but the polymorphonuclears and giant 
cells are again conspicuously absent. 

The consensus is that normally the valvular leaflets are ab
solutely devoid of capillary vessels. This does not seem to be 
the case, as is shown by histological sections of sclerosed valves 
in which we definitely found engorged capillaries among the 
mass of fibrotic tissues that appear to be far within the scle
rosed leaflets. Under such condition, however, it would be dif
ficult to determine with certainty the anatomical relations of 
the different points of the valves. The possibility should be 
taken into account that what we consider as the interior of the 
leaflets might in reality be their base pushed centripetally during 
the course of previous inflammatory processes. But even grant
ing that the possibility was a fact, under such a condition the 
plugging of the vessels at the base of the leaflets would have 
had the same effect, if the plugging of the capillaries had 
occurred in the interior of the valves. It may also be argued 
that the blood vessels in the valves in question were mere ex
tensions from the myocardium following the formation of rheu
matic endocarditic inflammatory processes, and that the hetero
phyid eggs found mummified in the calcified matter in the in
terior of the valves had been carried to this locality by the 
agency of these vessels. In other words, that the presence of 
the eggs in question did not precede and hence could not have 
been the cause of the inflamm::.tory processes, but were just in
cidental to a pre-existing rheumatic endocarditis. Such argu
ment, however, seems to be untenable, at least in so far as 
the present cases are concerned; because of the absence of any 
clinical or anatomical evidence of rheumatic conditions, as we 
will try to show presently. 

It will be recalled that we did not find in the valvular le
sions of the cases described in our earlier publications the spe
cific cellular response found in the myocardium believed to be 
characteristic of, and specific to, heterophyidiasis. We attri
buted the absence of this characteristic and specific cellular re
action in these particular cases to the advanced sclerosis and 
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calcification noted in them, which we believed had obliterated 
completely the special types of cells (monocytes and histiocytes) 
that predominate in young-er lesions. Subsequent observations 
seem to have confirmed this belief; for in one of the two cases 
considered in our sixth publication (2e) we had found in the 
sclerosed mitral valves the characteristic cellular reaction ob
served in the myocardium of our positive cases. However, the 
sheet of endothelial proliferation observed here has assumed 
a more compact and fibrous appearance and has lost the capa
city to absorb intensely the haematoxylin stain, a capa
city which is characteristic of younger endothelial elements; thus 
there is missing the tinctorial appearance of much younger le
sions. The fibrous connective tissues elements are beginning 
to predominate at the expense of the endothelial cells; so that 
it is not at all hard to imagine that they will in time lose their 
characteristic appearance and finally assume the aspect of or
dinary healed lesions observed at the te1·mination of any inflam
matory process. In fact, were it not for the presence of eggs 
in the environs of the fibrous connective tissue as well as in the 
calcified areas we would have hesitated to associate it with this 
condition. 

While, in view of the fact that blood vessels are present even 
in sclerosed tissue, the possibility may be considered that these 
ova might have been carried to the interior of the valvular leaf
lets after sclerosis due to other infections had taken place; yet 
in the cases here con1>idered such a possibility is held unlikely. 
On sections of these valves the central or interior portions are 
found to be calcified here and there, with eggs in the fibrotic as 
well as in the thoroughly calcified material. The eggs are ap
parently long dead, some twisted or distorted, others broken to 
pieces. Some of the eggs are encrusted or fossilized in the cal
cified matter. The areas where they are found are completely 
devoid of blood supply. That they arrived in these areas pre
vious to the caicificaticn is obvious. What probably happened 
is that the eggs carried to this locality by the blood stream pre
cipitated capillary haemorrhages, or embolus formation, which 
later led to degenerative changes and eventually to hyalinization. 

Furthermore, in all the cases in which we have found eggs 
in the sclerosed and calcified valves, there is no evidence of the 
presence of Asschoff's bodies in the myocardium. We have ex-
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plored the myocardium of our cases thoroughly, because it is 
very hard to demonstrate or locate the lesions in heterophyidia
sis. The lesions are found only in localities where the eggs have 
by chance happened to cause haemorrhage and other vascular 
disturbances. We are certain we could not have missed the 
Asschoff's bodies with the method of exploration we employed, i! 
they were actually present. Instead of finding these bodies in 
the myocardium of our posith·e cases, we find the same degene
rative lesions in this locality also associated with eggs. In view 
of these observations we are more inclined to attribute those 
degenerative changes in the valves to these ova, at least in the 
absence of contrary evidence or proof that this condition is due 
to other causes. 

The pathological findings so far observed in the myocardium 
and valves may be summarized as follows : 

(1) An acute generalized vascular reaction developed du!."
ing the attack of heart failure precipitated by the massive ar
rival of eggs in the myocardium, consisting of injection of blood 
vessels, extensive edema with embolism, haemorrhages and frag
mentation of muscle fibers, specially prominent around areas of 
haemorrhages where usually a number of eggs can be encoun
t.ered. In many of our positive hearts, however, only the more 
chronic types of lesions were encountered. 

(2) A more typical reticuloendothelial tissue reaction usual
ly following a more protracted presence of eggs and incited by 
the spilling of egg contents, a reaction which consists of dense 
and compact well-circumscribed masses of deeply staining cells 
that contrast distinctly with the paler eosin-stained surrounding 
tissue. In the interstices of this tissue are found haphazardly 
scattered eggs or broken shells. This type of cellular response 
is considered specific or peculiar to heterophyid infection of the 
tissue. 

(3) The specific tissue reaction is replaced in the healed 
lesions by the fibrous tissue that insiduously sets in as the speci
fic reaction tissue is gradually absorbed. There is histological 
evidence that the spaces chronically distended by the edema are 
also gradually filled in with sheets of fibrous tissue in a similar 
manner. The replacing connective tissue is characterized by 
orderliness and smoothness of appearance and homogeneity of 
texture, and lacks the contraction phenomenon which usually 
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disfigures and renders the titisues uneven and irregular in an 
infectious inflammatory process repaired by scar formation. 

C. CENTRAL NERVOUS SYSTE;\I 

(1) BRAIN 

Our data concerning lesions in the brain have been fur
nished by Case No. 3. A male Filipino, 62 years old, who had 
been suffering from hypertension, presumably due to arterio
sclerosis for some time, died of cerebral hemorrhage. 

Grossly, both hemispheres of the brain showed much en
gorgement of the superficial vessels, especially the cerebral 
branches of the Circle of Willis. The blood vessel walls were 
very much thickened, and, at various points, before dipping into 
the substance of the basal ganglia, were found to be friable and 
easily crushed. The midsagital section of the whole brain re
vealed a large clot (7 cm. by 5 cm.) in the right basal ganglion 
involving the lower limb of the internal capsule. The wall sur
rounding the clot was thrown into irregular and isolated shreds 
of brain tissue, which had apparently been destroyed or dissected 
by the onrush of blood from a ruptured vessel. 

Sections obtained from different points immediately adja
cent to the clot showed numerous fresh perivascular hemor
rhages. On examining sections prepared from the postero
dorsal wall of the clot in the substance of what appeared to be 
remnants of the lower limb of the internal capsule, well circum
scribed compact masses of deeply staining cells, which under the 
high power revealed the presence of heterophyid eggs, were seen 
here and there among the fresh perivascular hemor
rhages. The most notable lesions found are essentially iden
tical with those found in the myocardium in our cases of 
cardiac heretophyidiasis. These lesions, as previously de
scribed, consist of compact masses of vesicular or elongated 
cells with nuclei rich in chromatin, that took the haemotoxylin 
stain intensely. Under the low power, they might be taken for 

_a massive, focal accumulation of lymphocytes, but well circum
scribed. Under higher magnification, the cells in the lesions 
conformed very well to the description of monocytes and histio
cytes that lie in a framework of connective tissue observed in in
fected hearts (figs. 1 & 2, plate 14). In the younger lesions the 
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monocytes predominate, and in this stage, it is not very difficult 
to confuse the cellular picture with that of lymphocytic infiltra
tion, especially when the lesion is relatively minute. In the ex
tensive lesions, however, the very size of the infiltration masses 
and the very well-circumscribed nature of the lesion will at once 
throw doubt as to the lymphocytic nature of the infiltration. In 
much older lesions, the more spindle-shaped histiocytes predo
minate and, at this stage, the picture of the lesion simulates very 
much that of young connective tissue (fig. l, plate 18). 

These lesions, which may be considered a typical character
istic tissue reaction in visceral heterophyidiasis, are found most
ly in the region of the blood vessels that have been ruptured or 
thrombosed and from which, of course, the eggs have been scat
tered. The lesion follows the extent of the distribution of the 
eggs, usually in the interstitial spaces, but at times dissects the 
substance of the organ, if the eggs are way-laid in them. 

The intense affinity of this tissue for the basic hematoxylin 
stain renders very easy what might otherwise be a very difficult 
and tedious search for eggs in the wide, monotonous, pale-stain
ing section of the brain tissue under low magnification, at which 
range the eggs are hardly visible. The presence of this char
acteristic reactive tissue, however, with its very characteristic 
tinctorial reaction that contrasts very vividly with the pale
staining brain tissue makes the localization and search for eggs 
not so hopeless; for it has been our experience, as stated pre
viously, that the finding of this type of tissue reaction invariably 
led to detection of eggs or remnants of them in the spot or in its 
immediate vicinity. This sequence is especially sure if sections 
are examined serially, in which case eggs at different levels are 
detected, one after the other. 

(2) SPINAL CoRD 

We have been able to demonstrate lesions in the spinal cord 
only in one of our fifteen cases with visceral involvement. As 
in the case of the brain, this small proportion has been due, we 
believe, not so much to the scarcity of lesions in the spinal cordis, 
as to lack of opportunity to investigate them, for reasons already 
given under the caption "Technique and Material". In fact, 
many of our heart failure cases presented neurological symp
toms such as visual disturbances, unconsciousness, paralysis, di-
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minution or total abolition of knee jerk, and absence of Oppen
heim's, Babinski's, Gordon's, Kernig's, Chaddock's signs, etc. 

Case No. 11 (see protocols) from which our data was ob
tained involved a male Filipino, 44 years old who dropped dead 
in one of the streets of Manila, presumably because of heart fail
ure. In his hypertrophied and dilated heart, we were able to 
demonstrate characteristic lesions of heterophyidiasis, as in the 
other heart failure cases of our series. 

Among the other gross pathological findings were menin
geal hemorrhage, basal, extensive; and hemorrhage, dural and 
sub-dural, left lateral border of the intumescentia lumbalis. 
Lesions characteristic of heterophyidiasis associated with the 
presence of eggs were found in the spinal cord at the level of the 
lumbar enlargement corresponding to the hemorrhage visible at 
the exterior in this locality. All attempts to find similar lesions 
at the base of the brain at the site of the meningeal hemorrhages 
and other suspicious localities failed. 

On opening the spinal canal, we found the dura matter from 
the level of the 5th dorsal to the 3rd lumbar covered with a con
tinuous adherent blood clot. The rest of the spinal cord ap
peared normal. The subdural space in this portion of the spinal 
cord was also filled with adherent blood clot, corresponding in 
extent to the haemorrhage in the surface of the dural coat. The 
vessels of the arachnoid and pia maters in this region were con
gested, and there was marked oedema on the left external sur
face of the intumescentia lumbalis. When the spinal cord prop
er was freed from the pia mater and from the septum anterius 
and the legamentum denticulatum, there was noticed on the sur
face of the left lateral column in this region a dark-brown line 
of about 1112 mm. maximum width, running parallel with the 
long axis of the cord, beginning at the level of the 7th dorsal 
segment where it was most conspicuous, and diminishing grad
ually posteriad until it became imperceptible at the level of the 
second lumbar. Microscopic examinations of transverse sections 
of the cord in this region revealed in the left lateral column a 
wedge-shaped, dark-brown lesion of about 1112 mm. maximum 
breadth, with its base towards the left anterior horn of the gray 
matter on which it slightly encroached in several levels, and with 
its apex directed towards and reaching as far as the lateral 
margin. This lesion corresponded to the dark brown longitudi-
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nal line observed on the free surface of the left lateral column 
mentioned above. 

Examination of representative sections taken at different 
levels of the spinal cord, where the lesion is grossly apparent, 
reveals the following histological changes : The lesion is more 
prominent and extensive at the level of the 8th dorsal, maintain
ing the extent uniformly down to the 12th dorsal and from that 
point gradually diminishing until at the level of the first lumbar 
the lesion is reduced to one half. The involvement of the cord 
microscopically gradually disappears lower down where the 
haemorrhagic streak on the surface of the cord ends. 

The lesions are moderately quite acute and, as in lesions 
reported previously from other organs, consist of marked capil
lary injection, perivascular and interstitial oedema, capillary 
thrombosis, multiple capillary haemorrhages, degeneration and 
rupture of the nerve cells and tissues of the gray substance, and 
mechanical distortion of the neighboring tissues due to pressure 
of extravasated blood. The haemorrhages, while confined to :;. 
great extent in the gray matter and axial in distribution, can be 
seen frequently to extend in small tracts across the white ma;:
ter, sometimes reaching the periphery, either laterally involving 
the lateral column or dorsally the columns of Burdach and Goll. 

Histologically the lesions are pronounced on the left half of 
the cord involving the entire gray matter and located mainly in 
the anterior horn, but also encroaching slightly on the posterior. 
A large zone of white matter laterally adjacent to the gray tissue 
is also affected. The portion of the cord showing these histolo
gical changes corresponds to the half of the cord which grossly 
shows the haemorrhages on the surface. 

The most prominent and extensive lesions are located in the 
portion of the gray matter. The haemorrhagic processes have 
extensively destroyed more or less gray tissue in the immediate 
vicinity in an eruptive manner, creating in the section gaps or 
spaces partially or fully filled with granular tissue debris or 
spilled red blood and white cells. The destruction of tissue must 
have been due to both sudden loss of blood and mechanical pres
sure caused by the extravasated blood. 

In the anterior horn the lesions dissect the nervous tissue 
up to near the surface of the cord. In the latter location where 
most of the eggs are found in the haemorrhagic area the lesions 
are more cellular and compact with less admixture of red cells 



84 Acta. Medica Philippina 

and destroyed tissue, and assume more the appearance of the 
typical specific reactive lesions observed in the brains and hearts 
and observed also in the heart of this case. In the same seg
ments of the affected side of the cord, which show extensiv~ 
hemorrhages in the anterior horn, are found definitely circum
scribed islands of compact specific reactive tissue entirely in the 
white matter (fig. 2, plate 18). Compared with the brain and 
cardiac lesions previously described, the specific tissue reaction 
observed here is rather loose, although proliferated endothelial 
cells and histiocytes can be distinguished, which, however, have 
not assumed the characteristic compactness of cellular arrange
ment shown by more chronic and older lesions. 

The character of the specific tissue reaction in this case is 
that of a lesion of much more recent date. The most recent le
sion here is more centrally located in the spinal gray tissue where 
purely haemorrhagic lesions can be found. These facts harmo
nize with our opinion .that eggs imprisoned in the reactive tis
sues can best be seen in the older lesions, because they are caught 
in the compact tissue and are therefore difficult to dislocab, 
whereas in the more recent, purely haemorrhagic, lesions where 
the tissues are loose, the eggs are easily disloged and lost during 
the technical preparations, unless they are present in exceptional 
abundance. 

The eggs encountered in the lesion are few and far apart. 
In the examination of the whole series comprising the different 
blocks prepared from this case, there was no instance when 
more than one egg could be demonstrated in one serial plane. 
Judging from their size alone, two types of eggs can be demon
strated, a small one corresponding to S. brevicaeca and a larger 
one corresponding to Haplorchis yokogawai; and both types of 
helminths were recovered from the intestine of this case. 

D. LESIONS IN OTHER VISCERA 

The lesions observed in the liver (fig. 2, plate 15), lungs, 
and spleen, the only organs besides the heart and central nervous 
system in which we have been able to demonstrate the presence 
of eggs, conform in all essential details with those we have al
ready described in the latter organs. 
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VII. VISCERAL COMPLICATIONS IN OTHER 
ANIMALS 

Our experience in the dissection and histological explorafion 
of infected dogs and cats is still too limited to draw any con
clusion therefrom. Of course, the fact that' we have not suc
ceeded in finding lesions similar to those we found in man in 
the viscera of dogs and cats can not be taken as an indication 
that such do not actually occur in these animals. Extensive 
exploration of the viscera of animals with intestinal infections 
would first have to be made before this question could be set
tled. In the event that visceral complication were finally proved 
not to occur in heterophyidiasis of the lower mammals, a very 
odd biological situation would then be revealed, since it seems 
to have been conclusively proved by one of us (6a & b) that at 
least in the case of Haplorchis yokoga1cai, the flukes penetrate 
the wall of the intestine of dogs very deeply and come to a posi
tion where their eggs could easily filter into the lymphatic or 
portal streams. 

Extension of the infection from the intestine to the pancreas 
(2f) and liver (2g) has been found, however, in certain bird 
hosts. While examining the various visceral organs of four sea
gulls (Larus ridibundus Linn.) in whose intestine were found a 
large number of specimens of Stictodora spp., minute, discreet, 
bluish-black spots were observed on the surface of the pancreas 
of one of the birds. When one of these suspicious looking lesions 
was teased on a slide it gave up a surprisingly large number of 
eggs the size and appearance of which were identical with the 
size and appearance of the eggs of the flukes found in the intes
tine. Paraffin sections of the remaining portions of the organ 
revealed huge, well-circumscribed collections of .the same eggs 
at various points and depths, surrounded by chronic inflamma
tory processes consisting of mild fibrosis infiltrated with small 
round cells, a few plasma cells, and endothelial cells, the last type 
of which preponderated (figs. 1 & 2, plate 19). Extensive search 
for the same lesion in other visceral organs was unsuccessful. 
In view of the heavy collections of eggs found in this organ 
(which number in thousands in some of them), and in view 
further of the notable absence of any appreciable vascular dis
turbances, which would undoubtedly be encountered had these 
eggs been carried to these localities hematogenously, it is be-
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lieved that the infection of the pancreas in this case, had been 
due to the migration of the adult flukes themselves to this organ 
from the intestine, either by direct selective tissue penetration, 
or by way of natural anatomic channels. This view seems t-J 
be supported by the presence in these "egg-nests" of what ap
peared to be the remnants of the soft parts of the worms that 
have disintigrated and given up their egg contents. At least, it 
is inconceivable that such a terrific number of eggs could be 
brought to these localities by the agency of the circulation with
out a part of them being encountered in other localities. This 
behaviour does not seem to be foreign to the trematodes. Yoko
gawa (93b) found that Paragonimus westermanni migrate to 
the lungs by direct selective tissue penetration after excystation 
in the small intestine, and Yokogawa & Suyemori (94), as men
tioned.elsewhere in this work, observed that in the great major
ity of cerebral paragonomiasis the brain lesions are produced by 
the entrance of partly grown or adult worms through the fora
mina of the base of the skull, and their subsequent invasion of 
the brain tissue, and not by emboli composed of eggs. It may 
also be mentioned here that in one of our human cases adult 
flukes were found in the epicardial and other superficial parts 
of the heart. 

Similar findings were made in the liver of cattle egrets 
(Bubulcus ibis coromandus Boddaert) in infections of Haplor
chis yokogawai and H. taichui. In three of fifteen birds with 
intestinal infection by these heterophyids, eggs and sections of 
adult flukes were found in the biliary passages, but none in other 
visceral organs. That the flukes encountered in the bile ducts 
were actually of these species was verified in later dissections 
when specimens of both these species were squeezed off directly 
from the liver of this bird. 

Grossly the infected liver does not show any abnormality 
that would differentiate it from an uninfected one. Except in 
portal areas that happen to contain collection of eggs or, oc
casionally, what appear to be adult flukes or remnants of them, 
even the examination of histological sections has failed to reveal 
any marked abnormality other than evidence of mild degenera
tive changes due to pressure observed here and there in the 
parenchyma. Actual hemorrhage or any recent or remote indi
cation of it is conspicuously lacking. The parasites are confined 
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in the portal area, invariably in the immediate vicinity of the 
portal vessels (fig. 3, plate 19). No evidence of their presence 
is found in other localities. These findings suggest that the 
flukes probably arrived in the liver from the intestine by way 
of the common bile ducts; although the possibility can not be 
entirely ruled out that the flukes may traverse the wall of the 
intestine, attack the surface of the liver from the peritoneal ca
vity, and reach the bile passages in a way analogous to that which 
appears to have been found by Sinitzin (77) in the case of Fas
ciola hepatica. As in the case of infection of the pancreas of 
the sea gull with Stictodora, there seems to be not even a remote 
indication that these parasites were carried to the liver of the 
cattle egret by way of the circulation. 

Whenever the flukes show evidence of long resi.dence in the 
locality as indicated by the complete disappearance of any rem
nants of them except their eggs, a definite chronic inflammatory 
reaction in the form of fibrotic capsule with leucocytic (mostly 
of the round cell) infiltrations is observed around the parasites 
(fig. 4, plate 19). Scattered here and there along the fibrotic 
wall, mostly on the outside, are proliferated bile capilla
ries, a histopathological picture analogous to what is observed 
in infection of the same organ with the opistorchids observed 
in mammalian hosts. The flukes which were apparently 
intact and fresh when the sections were made, as indicated 
by their beautifully stained reproductive glands and well
stained miracidia within their eggs, are seen not to be sur
rounded by any marked cellular reaction. The bile ducts con
taining the parasites are greatly dilated and the biliary epithe
lium is obliterated. There is, if at all, a very scanty fibrotic 
formation, devoid of leucocytic infiltration around the fluke. 
The tinctorial masses of endothelial proliferation we found in 
visceral complications in human infections have not been ob
served. 

VIII. EPIDEMIOLOGICAL CONSIDERATIONS 

A. MECHANISM OF INFECTION AND DISSEMINATION OF 
PARASITES IN THE BODY 

Infection of the ultimate hosts (man, other mammals, and 
birds) with members of the family Heterophyidae occurs upon 
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ingestion of fish flesh contair.ing the encysted larvae (metace1·
cariae) of the flukes in the raw or semi-raw state. Excystment 
probably takes place in the upper portion of the small intes
tine, as shown by Stunkard and Willey (79) in their experiments 
in rats involving Cn;ptocotyle lingua. Basing their conclusion 
on data obtained from experimental studies on the development 
of Metagonimus yokoga1cai, Apophalus muhlingi, and Monorcho
trema taihokui (=Haplorchis pumilio), and 1'1!. (=Haplo1·chis) 
taichui Yokogawa (93a), Ciurea (19b) and Faust and Nishigori 
(29), respectively stated and unanimously agreed that an intra
mucosar stage occurs during the development of the worms in the 
final host, but the flukes upon reaching sexual maturity return to 
the lumen of the intestine and attach themselves to the free sur
face of the mucosa. Ci urea believes that this intramucosal stage in 
the life cycle is characteristic of all members of Heterophyidae. 
However, Stunkard and Willey (79) failed to demonstrate an 
intramucosal phase in their experiments in cats and white rats 
involving Cryptocotyle lingua, and inferred from their data that 
"not all Heterophyidae, as postulated by Ciurea, have an intra
mucosal stage in the development" and asserted further that 
"since· the life histories of the family are so similar, doubt is 
cast upon the correctness of the idea advocated by Yokogawa, 
Ciurea, and Faust and Nishigori" with regard to the existence 
of an intramucosal stage in the development of heterophyid tre
matodes in their final host. 

Because of the discovery of eggs of certain members of 
Heterophyidae in the visceral organs of man in this country 
which have been found in the majority of cases to be associated 
with definite lesions apparently specific in character, it has got 
to be postulated apriori that an intramucosal stage exists in their 
development in the final host; for it is obvious that their eggs 
could not filter into the general circulation unless these flukes 
themselves had invaded the intestinal wall. 

In order to submit this hypothesis under experimental test, 
and incidentally to gather evidences that might throw some light 
on the mechanism by means of which these eggs get into the gen
eral circulation, one of us (6a & b) undertook a series of feed
ing experiments using kittens, pups, arid birds as experimental" 
animals, and Haplorcliis yokogawai as the heterophyid to be 
tested. This heterophyid was particularly selected for these ex-
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periments because its metacercaria is always found in great 
abundance, frequently alone, in the flesh of two common Phil
ippine fishes (Arius manillensis and Clarias batrachus). Be
sides, this fluke (as stated previously) has been determined t~ 
be not only the most frequently encountered heterophyid in hu
man autopsies in this country but also the one most frequently 
associated with heart lesions. 

These experiments seem definitely to have demonstrated that 
there is actually an intramucosal phase in the development of 
Haplorchis yokogawai in the final host, and since the life histo
ries of the family are so similar, intramucosal invasion by the 
young flukes following emmergence from their cysts may be a 
common occurrence in the development of members of Hetero
phyidae in general in their final host. However, no evidence 
was found to substantiate the unanimous claim of Yokogawa, 
Ciurea, and Faust and Nishigori that the flukes which bore into 
the mucosa return into the intestinal lumen. On the contrary, 
evidence gathered so far seems to show that they remain im
prisoned in the gut wall, where they grow to sexual maturity, 
until they die. 

Haplorchis yokogawai undergo normal development in ex
perimental animals, the flukes becoming ovigerous on or about 
the sixth day after infection and attaining complete adulthood in 
ten to twelve days. Eggs are apparently normally shed upon 
reaching this stage of development, as shown by their presence 
in the feces. A large number of the young flukes apparently 
invade the mucosa soon after excystation. A marked tendency 
to invade the interior of the mucosa is observed, particularly in 
the dog. While many flukes are found in the lumen of the in
testine in the spaces between the villi more frequently at or near 
the base of these mucosa! projections, many are also found in 
the lumen of the intestinal glands. The size of the worms being 
apparently greater than what the glandular tubules can contain, 
their epithelium is flattened or destroyed completely, perhaps by 
pressure necrosis, thus allowing the worms in many instances to 
come in direct contact with or lie within the tunica propria. 
Whenever this is the case, the body of the worm is adherent to 
the tunica propria so that no spacing is cbserved between the 
parasite and the surrounding tissue, an extremely close contact, 
not usually the case when the epithelium of the glandular lumen 
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is intact or just flattened. In the latter case, the wcrms are 
found lying freely in the lumen of the glands with ample spac
ing between them and the epithelial lining, a spacing resultant 
evidently upon the contraction of the tissues during the technical 
preparation of the sections. Occasionally the flnkes are found 
even as deep as the muscularis (fig. 4, plate 21). Since the 
worms found in these situations are almost invariably packed 
with eggs, the latter ccataining well c'bvclop<"d r.iiracidium in 
many cases, it seems that the worms do not return to the lumen 
of the intestine to complete their reproductive activity, contrary 
to what other authors believe to be true in the case of other mem
bers of Heterophyidae closely allied to Haplorchis yokogawd, 
as has been pointed out previously. 

The frequent occurrence of adult worms in the lumen of 
intestinal glands suggests that the usual route of their invasion 
is through the opening of these glands situated between the 
bases of the adjoining villi, and not by direct penetration of the 
mucooa at any point. The invasion of the mucosa is probab::· 
made by young worms and probably ta!:es place early after their 
excystment, when the worms are not yet too bulky to squeeze 
themselves through the narrow openings of the glands. The 
worms that fail to enter the glands while still young and small 
probably remain forever barred from entrance. It is they pre
sumably that are found as full-sized adults occupying distended 
spaces between the villi or attached feebly on the top of the mu
cosa (fig. 2, plate 21). These flukes are probably those prin
cipally responsible for the eggs discovered in the feces of in
fected animals; since it is evident th:<t the worms that become 
imprisoned in the wall of the intestine can expell only with dif
ficulty their eggs into the intestinal lumen. 

Aside from flattening or pressure necrosis of the epithelium 
at the base of the villi or crypts of the intestinal glands occupied 
by the worms, and slight endothelial proliferation around the 
parasites observed occasionally, and still more rarely fibrosis 
around the worms, there are no other recognizable pathological 
changes in the invaded intestinal wall. Leucocytes of the poly
morphonuclear types are scarce and foreign-body giant-cells are 
not found, they were not, at least, in any one of a considerable 
number of histological sections examined. The inflammatory re
action, if any at all, is always of the mildest type. It is amaz-
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ing how the tissues could toierate the presence of these worms 
for long periods without any appreciable attempt to destroy 
them. Worms showing signs of disintegration are only occa
sionally found even in fr:e-months' old inf~ction. The worms 
probably live for a long time within the mucosa. The general 
absence of any attempt to encapsulate the parasites by fibrotic 
reaction perhaps accounts for the filtration of eggs into the 
general· circu!:ition. In fact, such filtration would bt: hard t~ 
conceive were the presence of the parasites in the intestinal wall 
accompanied by fibrotic walling-oif processes. 

If the evidence of intramucosal invasion manifested in lab
oratory animals by H. yokogawai is also true in man, then the 
filtration of eggs of members of this family into the general cir
culation, as has actually been observed in human infections with 
this fluke and other related species, does not seem hard to ex
plain. The basis for this explanation may be resolved by two 
principal facts experimentally demonstrated, i.e. (1) the posi
tion of the adult flukes in the subsi::.nce of the mucosa in rela
tion to the t:i·minal tributaries of both the portal and lymphatic 
streams, and (2) the general absence of fibrotic walling-off pro
cesses around the parasites or their eggs that get in the intes
tinal wall. 

In one of our preliminary publications on the subject we ad
vanced the view that the eggs of these flukes which stray into the 
gut wall are probably freed from the worms not by the natural 
process of oviposition, but by disintigration and final dissolution 
of the soft parts of the worms, following their death. We further 
remarked that these parasites, perhaps, loose their power of 
natural ovipositing upon transfer to man on the assumption that 
man is an unnatural host of the heterophyids. This latter view 
was based upon our failure to demonstrate eggs in the intestinal 
contents of human cadavers from which we were able to recover 
adult specimens v.:ith their uterus packed full of eggs. Further 
reference to literature on the subject, however, has disclosed 
that other workers did not seem to experience any difficulty in 
demonstrating eggs of heterophyids in the stools of infected per
sons.* For instance, Faust and Nishigori (29) found the eggs 
of both Monorchotrema taichui and Monorchotrema taihokui in 

*Eggs have been found recently by us for the first time in the stool 
of a living case which is not included in this report. 
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the feces of persons whom th'=Y had artificially infected. Ali
cata and Chattenburg (8) detected an infection of Diorchitrema 
pseudocirmta in a Japanese in Honolulu as mentioned elsewhere 
in this report by finding the eggs of this fluke in the feces. 
There seems no longer to be any ground, therefore, for our be
lief that heterophyids fail to shed eggs naturally on the basis 
of host-relationship. Perhaps what happens is that during the 
terminal stages of the infection, providing there has not been 
any reinfection, very few or no living flukes at all are left in 
the intestine and these few parasites fail to produce eggs in suf
ficient number to be demonstrated in the f<)ces. "While our view 
that eggs are probably freed from the worms upon disintigration 
and final dissolution of their soft parts following their death can 
not be gainsaid, there are undeniable proofs of the existence of 
natural oviposition on the part of these heterophyids in the hu
man host. We have, therefore, to attribute our failure to de
monstrate eggs in our human autopsy cases either to the small 
size of the infection existing at the time the autopsies were made, 
or to faulty technique employed. At any rate, whatever may b·~ 
the exact manner in which the eggs are freed from the parent 
worms, the important thing, to our mind, is the general absence 
of fibrotic walling-off processes around the parasites or their 
eggs and the position of either or both in relation to the blood 
and lymphatic vessels of the intestinal wall. This very leniency 
on the part of the tissues toward these parasites spells, perhaps, 
the host's own doom in certain cases. The eggs thus freed in 
the intestinal wall probably find their way into the lacteal vessels 
or portal venules which are abundant in the tunica propria. 

That the heterophyids may be capable of inserting their 
protrusible genital apparatus into the lumen of the blood and 
lymphatic vessels in the wall of the intestine and in this manner 
oviposit directly into the lymphatic and blood streams is another 
possibility which can n~t be entirely disregarded in the attempt 
to explain the dissemination of the eggs of these trematodes to 
the visceral organs. 

As mentioned in our introduction, this is not the first time 
that eggs of trematodes have been found to invade the systemic 
circulation. The eggs of schistosomes (S. japonicum, S. man
soni and S. hematobium) have been reported in the brain and 
spinal cord of man. More recently Africa and Sta. Cruz (Sb) 
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reported the presence of ova of S. japonicum in the myocardium 
of man, besides in the brain and kidneys, as stated previously. 
It is presumed that these eggs have been carried to these organs 
by the arterial blood stream. In the case of S. hematobium, 
which inhabits the systemic veins from the urinary system, the 
eggs have a direct route to the right heart and lungs. In the 
case of both the S. mansoni and S. japonicum, which inhabit the 
veins of the portal system, it is doubtful whether the eggs of 
these worms can pass into the inferior vena cava and on into 
the right heart and lungs without being held up in the sinusoids 
of the liver, on account of their large size. However, their eggs 
may escape from the portal veins if collateral circulation has 
been opened up by dilatation of the oesophageal veins. At any 
rate, these eggs have to pass the pulmonary filter in order to 
reach the arterial side of the systemic circulation. Likewise 
the eggs of Paragonimus zi·estermanni have been repeatedly 
found in the brain, indicating passage through the lung capilla
ries to the left side of the systemic circulation. As stated pre
viously, however, Yokogawa and Suyemori (94) think that in 
the great majority of cases of cerebral paragonimiasis the lesions 
in the brain are produced by the young and adult flukes that 
invade thb organ through the foramina at the base of the skull, 
and not by egg-emboli. 

These facts have been invoked because the eggs of these 
aforementioned trematodes are about three to six times as large 
as those of the heterophyids involved in this work. Besides, the 
eggs of schistosomes are encumbered by a large and sharp 
spinous process which may ·cause them to be more easily held up 
in the capillaries. Considering these facts, it is easy to com
prehend how the eggs of heterophyids, which are relatively very 
much smaller (16 by 10 to 33 by 25 microns) than those afore
mentioned and provided with perfectly smooth shells unencum
bered by any spinous processes, can easily pass through the 
various capillary filters of the body. It is possible that because 

· of their small size, as well as the smoothness of their shells, the 
eggs of heterophyids upon reaching the systemic circulation, 
circulate in the blood stream indefinitely or for some time, un
til they are held up and filtered out in the different viscera. 
The heart, by virtue of its peculiar musculature and physiologic 
activity, perhaps gets a very large share of the circulating eggs. 
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Besides in the heart, eggs of these flukes have been found in 
the brain and ·spinal cord, liver, lungs, and spleen. Their pres
ence in these organs, would of course, indicate their possible 
-occurrence in other parts of the body. At least, there seems t.:> 
be no valid reason why they can not also occur elsewhere. The 
finding of ova in the valvular leaflets of the heart, a localit-.r 
which is believed to be. very poor in blood supply, is an indica.
tion that these eggs may be found almost everywhere and any
where in the body. 

In one of our previous papers we surmised that the few 
adult flukes found in the epicardial space of one of the hearts 
in our series reached that organ through the blood route in a 
more or less passive manner. We thought this possible on ac
count of their minute size (being only a fraction of a millimeter 
in length) as well as of their great flexibility which would allow 
them to be moulded through spaces much smaller than their 
diameters. On the other hand, the fact that the cuticle of these 
flukes is provided with sharp posteriorly directed spines makes 
it hard to conceive that they could pass the hepatic and pul
monary filters without being held up in these localities. How
ever, active invasion of the heart by aberrant worms through 
direct tissue penetration, analogous to what appears to have 
been found by Yokogawa (93b) in the case of invasion of the 
lungs by Paragonimus westermanni from the small intestine 
after excystation, can not be ruled out entirely, and should be 
regarded as a possibility in heterophyid infections. 

B. GEOGRAPHICAL DISTRIBUTION 

1. GENERAL 

Infections with_ members of the family Heterophyidae are 
probably world-wide in distribution. They are probably more 
frequent and varied in regions, such as are found in the tropics, 
:where the temperature is high and more or less uniform through
out the year, conditions which favor the growth of abundant 
and varied vegetation, and indirectly rich and varied piscine and 
molluscan fauna. They are found wherever there are piscevor
ous mammals and birds, but human infections are presumably 
limited to areas where eating fish in the raw or semi-cooked 
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state is an established habit among the members of the popula
tion. 

For example, Professor Jack H. Sandground in a personal 
communication quotes Dr. Bonne of Batavia, who, after examin
ing heart sections from our cases of cardiac failure, stated that 
"he feels fairly certain that the condition does not occur in Ba
tavia; for they cut sections of the myocardium and valves in 
every routine autopsy performed in his (Bonne's) institute (Pa
thologisch Institute, Geneeskundige Hoogeschool, Batavia, Java) 
--some 600 yearly-and he maintains that such conspicuous hem
orrhage and necrosis would certainly be noticed occasionally 
if it occurred." Yet Haplorchis yokogawai and Diorchitrema 
pseudocirrata have been identified in the material from the in
testine of cats sent to us by Professor Sandground from Java. 
We may state here, that Dr .. Bonne's observation could as well 
be applied to the experience of our pathologists in the :Manila 
City Morgue, who handle about the same number of autopsies 
every year, and observe the same routine procedure in the ex
amination of the heart, before and after our discovery of the 
heart lesions due to this infection in 1935. In fact, as men
tioned ehewhere in this report, we were able to describe lesions. 
typical of heterophyidiasis both in the myocardium and valves· 
in two hearts labeled "beriberi," which had long been kept in 
the museum of the Department of Pathology and which, with
out doubt, had been also submitted under some kind of routine 
hlistological examination in that department. We doubt if the 
class of available material in our ·morgue at present is different 
from that which has passed through it since its establishment 
three decades ago and up to the time of our discovery. If these 
diseases are finally proved to be actually absent among the 
people of Java, despite the presence 'of the same flukes involved 
in this work in cats and presumably in other fish-eating mam
mals in that locality, then the following possibilities are patent: 
(1) the habit of eating raw fish is not practised by the Java
nese; or (2) the Javanese eat raw fish but the particular spe
cies that harbor the metacercariae of pathogenic heterophyids 
are not eaten by them in the raw state; (3) or, for physiological 
reasons, such as the influence of diet, local eating habits, etc. 
the flukes fail to thrive in the intestines of the Javanese. The 
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last possibility is, pei·haps \·ery remote although we observed, 
that we could establish larg~r infections of H. yokogazvai in ,lfac
cacus cynomolgus, a vegetariar. animal, only when we forcibly 
fed it with meat and milk, indicating that the character of thti 
diet may have something to do in the establishment of heavier 
infections. 

Heterophyes heterophyes which was discovered by Bilharz 
on April 26, 1851, in the small intestine of an Egyptian boy at 
autopsy and the first member of this family to be described 
seems to be a common human infection in Egypt. Khalil (47b) 
examined 60 school children in an endemic center at Lake Men
zaleh adjoining Port Said and found 53 of them infected with 
this fluke. Cort (20) cites that Heterophyes nocens which, ac
cording to Leiper (49), is identical with Heterophyes hetero
phyes, occurs in from 22 to 30 per cent of the inhabitants of 
certain villages in Japan. According to Craig and Faust (21) 
Metagonimus yokogawai, found for the first time in 1911 by 
Yokogawa in Formosa, is probably the most common heterophyid 
fluke in the Far East (Sino-Japanese areas and maritime pro
vinces of the U. S. S. R.). It is also found in Korea and the 
Bankans. It has also been reported in Spain by Lopez-Neyra 
and Pozo (53). 

Stellantchasmus falcatus, originally described by Onji and 
Nishio (1924) from the cat in Japan, was redescribed by Witen
berg (1929) from the dog in Palestine before it was found in 
the dog and in man (for the first time in the latter host) in 
the Philippines as natural infection. Alicata and Chattenburg 
(8), as previously stated, recovered this heterophyid from a 
Japanese who was born and reared in Hawaii and never traveled 
away from that territory. Furthermore, they were able to re
cover adult specimens of this heterophyid from kittens fed with 
metacercariae obtained from their local mullets. 

Haplorchis taichui, described originally in Formosa by Ni
shigori (66) when recovered from experimental mammals was 
also reared experimentally in man by Faust and Nishigori (29) 

- in that country before it was found as a natural infection of 
man and animals in the Philippines (4b). This heterophyid is 
also present in dogs and cats in Palestine (Witenberg, 1929) 
and in Canton, China (Chen, 1936a). 
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Haplorchi1; yokogcurni wi:s originally described by Katsuta 
(46a) when recovered from experimental mammals fed· with me
tacercariae from mullets in Foi·mosa. It was reported by Chen 
(1936a) in dogs and cats in Canton, South China, and later de
termined by us, as repeatedly mentioned in the report, to be 
the most frequent heterophyid infection of man in the Philip
pines. Haplorchis pwnilio (Jloilorchofrema tailwkui) is a fr8-
quent parasite of mammals and birds i!1 the ~ear East. It is 
also present in these animals in Formosa and experirnentaliy 
developed in man in that country togeth1.:r with Haplo1·chis tai
chui ·(29). Chen (16a) also found it to be a frequent parasite 
of dogs and cats in Canton. Natural infection with this hetero
iphyid has never been encountered yet in the Philippine mam
mals and birds or in man, but it has been recovered a number 
of times from kittens and pups (85b) fed with metacercariae 
from both fresh water and marine fishes in this country. 

Hapforchis caldero·11i, which was described as taken from the 
dog in the Philippines and later encountered twice in man as 
natural infection, has not yet been reported outside the Philip
pines. Nor has Haplorchis vani~sima, which was recovered (and 
described) from the small intestine of a native Filipino at au
topsy (6c). Other potential human parasites yet to be gene
rally recognized in the Far East are Stamnosoma armatum and 
Stamnosoma fornwsanum. The latter has been recovered from 
experimentally infected animals in the Philippines. Likewise, 
Spelotl"ema brevicaeca ( =H eterophyes brevicaeca), originally 
thought to be a heterophyid, but recently assigned by Tubangui 
and Africa (83) to Microphallidae (as mentioned elsewhere in 
this work) is a frequent parasite of the human intestine in the 
Philippines and figures among the flukes that have been incri
minated in the production of visceral lesions. Indeed it is very 
likely that the distribution of Spelotrema b1·evicaeca is not lim
ited to the Philippines. Closely allied species, such as the 
Spelotrema. minns, Spelotrema capellae, and Spelotrema longico
lle, have been described or reported in Japan (92). 

2. LOCAL 

In the basis of present data, it is difficult to determine the 
local disbibution of the heterophyids so far described or identi-
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fied in the Philippines. Although our human autopsy cases con
sist of natives who apparently crune from different sections of 
the country, it is impossible to determine when and where they 
contracted their infection, especially when we consider the fact 
that infected persons apparently harbor their infection for long 
periods. Until extensive dissections of ·animals (cats, dogs, etc.) 
can be made in different localities to determine their ·hetero
phyid parasitic fauna, it would be neither wise nor profitable to 
attempt to ascertain exact local distribution. We believe, 
though, that most of these heterophyids have a more or less 
general distribution in the Philippines. We base this assump
tion on the fact that our piscine and molluscan fauna are more 
or less generally distributed thr-0ughout the archipelago, and, 
further, on the fact that many of our heterophyids are also 
found in Formosa, which is closely adjacent to us in the north. 

C. ENVIRONMENTAL A..'<D HUMAN FACTORS 

Heterophyidiasis is contracted solely by eating fish infected 
with the encysted larvae, or metacercariae of the flukes in the 
raw or semi-raw state. Consequently, it is absent in man wher
ever this habit is not indulged in or practised by the inhabitants, 
even in places where infected fish are abundant, and in such 
localities only piscevorous animals such as dogs, cats, rats, fox
es, and other fish-eating mammals, as well as fish-eating birds, 
harbor the infection. In the Philippines this group of trema
todes, including those which have been incriminated in this 
iwork as producing visceral lesions, has been found to use fresh
water, brackish-water, and marine fishes as second interme
diate hosts. 

1 .. Piscine Intermediate Hosts:-In table 2 will be seen the 
kinds of Philippine fishes which have been determined by feed
ing-experiments as second intermediate hosts of heterophyid 
trematodes with the corresponding flukes recovered from labora
tory animals fed with metacercariae obtained from each kind. 
Those which have been recovered from man in this country as 
natural infection are marked with asterisks. Haplorchis pu
milio and Stamnosoma fo1'mosanum are potential human para
sites, since they have been experimentally developed in man in 
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TABLE 2.-Ust of Philippine Fishes Harboring ii.tetacercariae of 
Heterophyids 

Name of Fish Native Name 

1. 0 phi c e p ha! us, "dalag'' 
stri<&tus Bloch 

2. Glossogobius giu- "bia" or bi
.,.. Buchanan & yang-puti 
Hamilton 

Habitat 

fresh water 

Name of Flukes 

Haplorchis calderoni• 
Haplorchis yokogawai• 
,Ha.plorchis pumiUo 
Hapl&rchis taichui• 
Stam110soma fonnosa.-

num 

Haplorchis caldercmi 
fresh. water to Haplorchis pzimilio 
brackish water Stamnos01r..a formosar 

num 

3. Therapon 
beus Kner 

.,ayuiigin" 
plum- of Laguna de fresh water 

Bay 

Haplorchis 1tisoni 
Haplorchis pzimilio 
Stamnosoma forniosa-

num 

4. Gerris kapa.• 
Bleeker 

"malakapas" salt water to Haplorchis yol:ogawai 
brackish water H eterophyopsis expec

tans 

5. Gerris filamente-
B'ILS ·cuvier & Va- "malakapas'' 
lenciennes 

Stictodora manilensis 
salt :wate= t~ Haplorchis calde•·on·i 
brackish "atei Haplorchis pumilio 
to fresh water Heterophyopsis expec

tans 

6. Creisson validus 
Jordan & Seals 

"bia ng sapa" fresh water to 
brackish wate1· Haplorchis calderoni 

7. Anabas testiduneus 
Bloch "martiniko" 

8. Pelates q1tadrili- "babansi" 
neatus Bloch 

9. Amphacanthus ja- "samaral" 
ws Linnaeus· 

10. Eleutheronema "mamale" 
tetradactyla Shaw1 

fresh water 

5alt water to 

Hapl.orchis calderoni 
Diorchitrema pseudo

oirrata• 
Stamnosoma formosa

num 

brackish water Stictodora man·ilensis 
occasionally to Haplorchis calderoni 

fresh water 

salt water oc- Haplo·rch·is caldero>1i 
casionally to Haplorchis pumilio 

brackish water tieterophyopsis expec
tans 

salt water oc- . . 
casionally to Haplorchr.8 calderon• 

brackish water 

• NOTE: Asterisks indicate flukes that have been recovered from the 
intestine of man in the Philippines. 
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TABLE 2.-Co11tillued. 

Name of Fish Native Namel Habitat Name of Flukes 

11. A-therina balabo.
eonsis Seale "gu.no"' 

12. Hemi!ramplms 
georgii Cuvier & "cansusuit" 
Valenciennes or "buguing" 

13. Mugil dussnmieri 
Cuvier & Valen
. ciennes 

14. Ambassis bu.ruen
Bis Bleeker 

15. Clarias ba.truhus 
Linnaeus 

11talilong,. 
or ubanak" 

''lafigara)"" 

"hi to" 

16. Arius 111 anill"11.Bis "kanduli" of 

salt water Stictodora guerreroi 
brackish water Stictodora manilensis 
loccasionalh·· to Haplorchis calderoni 

fresh waier Heterophyopsis e:z:pec
tans 

salt water to Stictodora guerreroi 
brackish water HaplorcMo caldero-n.i 
occasionally tc 11 etcrophifopsis e:z:peo-

fresh wate!· tans 

Sti.ctodora. g'U#l'T'eroi 
Stictodora ma,.ilensis 
Haplorehis calderoni 

salt "·ater to H'!'l'llJr~his yokogawai 
brackish ..-.-ater Dio?·chitrema pseudo-
to fresh water CWTata. . H eterophyopslS e:i:pe<>-

tans 
Pygidiopsis mari1•illai 
Pygidiopsis ge11ata. 

Stictodora on•rrero-i 
$tictodOTa 111.0:n.iltnsi~ 

fresh water to Haplorchis c11.ld.eroni 
brackish "·ater Haplorchis pumiUo 
t.o salt water H eterophyopsis e:r:peo

ta.1'B 

Microlistrum •P· 

fresh wate~ IHaplorchis yokogawai 

Cuvier & Valen- ·Laguna de fresh wate1· Haplorchis yokogawa.i 
ciennes Bay 



Africa, d" Lrn11 et a.l: Heterophyidia.<i.< of Jlcw. 101 

Formosa (291. , The fir~t has not been recovered in the Philip
pines as na:ural infection either in man or animal, while th~ 
second has b;:en '"ncountered in birds (Bnbulcus ibis coromandus 
and Pyrruoidir,.> manillrnsis) as natural infection. The rest, 
with the except:on of ~Iicrolistrum sp., have been encountered 
also in dog; ar.d cats, as well as in birds under natural condition. 
It is possible thac some heterophyids we have hitherto recovered 
only from mammals and birds may yet be encountered among 
the Filipinos. 

In the list of Philippine fishes (see table 2) serving as 
second intermediate hosts of heterophyid trematodes in this 
country Xe .. •. 1. ~. 3, 4. 5, 6, 10, 13, 14, 15, and 16, be marked 
as common and popular, with extensive distribution throughout 
the archipelago. They all figure prominently in the daily diet 
of the Filipinos especially of the middle and lo~er classes. The 
natives are specially fond of broiled, semi-cooked or fermented 
0phicephC' 7Us striatus ("dalag"), Clarias batrachus ("hito") 
Mugil sp. ("tali!ong" and "banac"). According to information 
gathered from native Filipinos of the different sections of the 
country, there is hardly any doubt that the habit of eating raw 
fish is common here, particularly in certain regions, such as 
the Visayas and Ilocano provinces. 

2. Resistance of the Jfetacercariae:-One of us has made 
a study on the resistance of the metacercaria of Haplorchis yo
kogau·f!.i~ to rnrious physical and chemical agents, with the end 
in \o;ew of obtaining pertinent information that may prove use
ful' in the prophylaxis against heterophyid infections in general. 
Haplorclzis yoJ:ogaicai was chosen because the metacercariae of 
this fluke occur abundantly, frequently alone, in the flesh of 
A1·ius ma1u7lrn.~is. :\Ioreover, this fluke, as mentioned else
where in thi; report, is not only the most frequently encount~r
ed heteroph)id in man in tlie country but also the _most fre
quently invo:\·ed in our heart failure cases. The criterion used 
for testing the ,;ability of the larvae after exposure of chop
ped pieces of fishes containing the larvae to va1·ious physical 

. and chemical agents usually employed by the Filipino house-

•This fh.:ke w:13 erroneou•ly identified as 11Icmorchot-rem11 taihok1'i (Ha
plorckis p•11:i/fo) in the original paper. 
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wife in preparing fish for the table was their ability to excyst 
and develop into the sexually matured flukes in the intestine 
of white rats, an animal that has been previously found to per
mit full development of this heterophyid if fed with untreated 
metacerca1iae. 

Assuming that the metacercariae of the different hetero
phyid flukes have more or less the same resistance against phys
ical and chemical agents, as appears to be reasonable, the data 
gathered in these experiments may serve as a guide for the 
house-wife in preparing fish for the table without jeopardizing 
the health of her family. For example, refrigerator tempera-. 
ture (around ten degrees centigrade) has been found to have 
practically no lethal effect on the larvae, even after twenty-foul" 
hours, but may kill all the larvae in from three to four days. 
Moist heat seems to be the most practical way of rendering 
the metacercariae uninfective, as they all seem to be killed at 
a water-bath temperature of 55°C. applied for ten minutes; the 
thermal death point of the larvae probably lying between 50°C. 
and 55°C. This point conforms with the finding of Ochi (67), 
who ascertained that the infectivity of the metacercariae of He
terophyes heterophyes is lost if the fish is plunged into water at a 
temperature of 50°C. and kept there for seven minutes. Practical
ly the same result was obtained by Witenberg (90c), who found 
that three minutes' exposure to a temperature of 60°C. kills the 
metacercariae of Heterophyes heterophyes. Table salt applied 
to the point of saturation at room temperature is only partially 
effective in killing the larvae after two hours, but may kill all 
the larvae within four hours. As raw fish is usually prepared 
by the natives immediateh· before serving, this result indicates 
that salting alone is not an efficient means to prevent infection 
unless consumption is delayed for more than four hours after 
preparation. This efficacy of delay also indicates that "ba
gong" (native name for raw, fermented, salted fish) is quite 
safe for human consumption in so far as this infection is 

• concerned; since it is usually sold in the market after 
long storage, which is said even to improve its flavor. 
The combination of either vinegar, ginger, or garlic in liberal 
amounts with table salt applied to the saturation point 
seems to be more lethal to the metacercariae than table salt 
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alone, but the fish must be prepared at least three hours be
fore serving, in order to render it safe. Fish flesh salted to 
the saturation point and exposed to direct action of sunlight 
(34°) may be safe for consumption after three hours exposure. 
In connection with this fact, however, the common practice 
among the natives must be noted, which is to dry whole fishes 
under the sun; in this case, the lethal effect of the sunlight 
against the metacercariae would depend to a great extent, not 
only on the duration of exposure, but also on the size and cha:r
acter of the fish. Dried fish sold in the market are probably 
safe for consumption as they are as a rule dried in the sun for 
days, and even undergo storage for long periods before they are 
ready for the stalls. 

Further data* of Ochi (67) are equally interesting; he 
found that encysted cercariae live for 13 hours in soja sauce, 
24 hours in vinegar, 48 hours in miso, 36 hours in sour miso and 
4 days in 5 per cent salt solution. A 10 per cent solution kills 
in 4 days and a saturated solution in 2 days. lnfectivity is lost 
if the fish is plunged into boiling water and left for twenty sec
onds; in water 80°C. for three minutes; or at 50°C. for seven 
minutes (as cited 1above). }.fetacercariae isolated from the fish 
remain alive from 3 to 7 days in fresh water, from 4 to 7 days 
in sea water, and after 18 hours in active gastric juice. 

3. Reservoir Hosts:-With the exception of Haplorchi.s 
vanissima all the heterophyids so far found in man in the Phil
ippines as natural infection have been recovered from the in
testine of dogs and cats, either experimentally or under natural 
conditions. We venture to predict that this fluke will also he 
found to be parasitising our dogs and cats, and also fish-eating 
birds. It is probable that many other piscevorous mammals in 
this country harbor these trematodes. Spelotrema brevicaeca 
(which is not a heterophyid but included in this work because it 
seems to be involved in the production of visceral lesions herein 
described) has not been recovered yet from dogs, or cats either 
experimentally or as natural infection; but it is a frequent para-

• As there seems to be some discrepancy between our data and those 
of Ochi, particularly in so far as the effect of exposure to vinegar and 
saturated salt solution is concemed, we tried to look into the methods used 
by this author in bis experiments but bis originnl paper was not avail
able at this writing. 
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site of the bird (Stema albifm;18 .~i11e1rni~). Hap/orchis yoko
gawa.i, H. taiclmi, H. calder01ti and Diorchitrema pseudociri·atri 
occur in from 2 to 9.5 per cent of the street dogs in i\fanila (Re
fuerzo and Garcia, 1936). They often occur in hundreds, or 
even thousands in young dogs caught in the towns bordering 
Laguna de Bay, a fresh water lake about twenty-five kilometers 
south of Manila. In that locality, nearly all the dogs we examin
ed harbor these flukes, H. yokogau·ai being the most common 
and abundant of them all. Ophicephalus striatus ("dalag") 
which harbors among others the metacercariae of Haplorchi-< 
yokogawai and of H. taichui, and Al"ius manillensis ("kanduli") 
and Clarias batrachu.s ("hito"), both of which harbor the en
cysted larvae of H. yokogcm·ai frequently alone in great abund
ance, are among the most common fishes in that locality. A 
few of our positive human autopsies _including one with serious 
cardiac lesions associated with eggs have been traced to that 
same area. 

Cattle egrets (Bubulcus ibis coromandus) and a pelican 
(Pyrreroidios mardlle11.sis) are frequently upon dissection found 
infected with Haplo1·chis yokogawai or Hapl01·chis taichui, or 
the two together, in the small intestine (2g). These birds, 
which are voracious fish-eaters, most likely act as the natural 
reservoir hosts of these two important heterophyids in that 
area, and perhaps also in other parts of the Philippines. · It 
may be of interest to mention here that parthenitic larval stages 
including a lophocerous cercariae with a long keeled fluted tail, 
secretory cephalic glands and pigmented eye-spots answering 
in all essential details those described by Faust and Nishigori 
(29) in their life history work in H. pumilio and H. taiclmi in 
Formosa have been observed by us during the dissection of an. 
unidentified melanid snail which is very abundant in Laguna. 
lake. Dogs and cats as well as other fish-eating mammals may
act as reservoir hosts, also. 

4. Age:-Age is probably not a factor in the epidemiolog\· 
of heterophyidiasis, excepting to the extent that, as in many 
other infections, the exposure is ·greater and the infection cor
respondingly more frequent during the more active years of 
life. In our series of thirty-four positive autopsies seven oc~ 
curred in subjects between the ages of 11 and 20; nine between 21 
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and SO; eight between 31 and .J.O; seven between 41 and 50; one 
between 51 and 60; and two between 61 and 70. It will thus be 
seen that this infection is apparently more common during the 
more active years of life than during childhood and old age. 
However, as will be seen in table 3, autopsies under 10 years 
~nd over 70 years of age were relatively fewer than in other 
age groups in the present series. 

5. Sex:-Sex is probably not a factor either excepting 
again to the extent that, as in many other diseases, the expo
sure is greater and the infection correspondingly more frequent 
in the male than in the female. In this same series of 34 posi
tive autopsies more than two-thirds (twenty-four) were males, 
and less than one-third (ten) were females despite the fact that 
there is very little discrepancy in the number of autopsies be
tween the two sexes. Again in our fifteen cases with visceral 
lesions only three were females, the rest being all males. 

6. Occupation :-Occupation probably affects to a certain 
extent the incidence of this disease. Fishermen, boatmen, hun
ters, mining prospectors, rangers, and other persons whose occu
pations bring them in close association with marine life are pro
bably more prone to eat fish in the raw state than are people 
engaged in other occupations. The absence of cooking facili
ties for the roving workers may also induce these people to eat 
uncooked fish. Our cases, however, have all come from among 
people of the lower presumably more static land classes, where 
many of the different occupations offer similar types of expo
sure and where the vocation is often changed from day to day. 

7. Customs and Habits:-The habit of eating raw or semi
cooked fish is undoubtedly an important factor in the epidemio
logy of this disease. One will easily appreciate this fact by, 
referring to table 4. In this table it will be seen that over fifty 
per cent of our thirty-four positive autopsies came from the 
Visayan and Iloeano regions of the archipelago, where the eat-· 
ing of raw fish is admittedly more common and heavy than in 
Central Luzon inhabited mostly by the Tagalogs, who as a. 

·group are known to be less inclined to eat raw fish than are 
people of other areas. It ~s true that in area and in the number 
of population the combined Visayan and Ilocano regions are 
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TABLE 4.-HETEROPHYIDJASJS: Distrib1<tion of Cases According to Natfrity 

No. NATIVITY A. No. SEX AGE! I 

$ 1 San Jose de! Monte, Bulacan 35-795 M 
C'l 

35 
• 2 Balanga, Bataan 38-30 M 17 

t.=J 

• 3 San Roque, Cavite 35-321 M 62 z 
• 4 Binan, Laguna 35-946 M 70 "3 ... 

5 Sta. Cruz, Laguna 37-834 F 20 ~1~ 
6 Quiapo, Manila 38-89 M 38 C> > 

"' 7 Sta. Mesa, Manila 38-141 M 26 " t'" 
"! "ll 8 Bacolor, Pampanga 35-329 M 48 " .. :i: 9 Bacolor, Pampanga 35-335 F 30 ;!. 

10 Cainta, Rizal 38-76 M 12 c t'" -:; t' 
11 Cardona, Rizal 36-168 M 35 c -•12 Makati, Rizal 37-705 M 21 too "ll 
13 Mariquina, Rizal 38-480 M 41 0 'ti 
14 Mariquina, Rizal 37-745 F 33 z -15 Tagig, Rizal 37-1024 M 35 

I 
z 

16 Lucban. Tayabas 36-166 M 23 t.=J 
17 Libon, Albay 35-4ll3 M 11 I < 

*18 Calivo, Capiz 35-326 M 60 .. u; 
*19 Barugo, Leyte 35-265 M 23 C> > ... < -•20 Barugo, Leyte 35-711 F 27 .... > rn 

21 Ormoc, Leyte 35-342 M 19 "' z "' t' .. 
•22 Cotabato, Mindanao 37-620 F 22 g :::i > 
*23 Oroquieta, Mindanao 35-1110 M 17 t.=J z ;;. ::i 
•24 Borongan, Samar 35-543 M 24 c 0 i::i 
25 Sibuyan, Romblon 37-855 M 37 

9 z rn 

26 Pangasinan 38-535 F 44 F 
27 Calasiao, Pangasinan 37-389 F 48 

.. 0 "' ~ C'l 
28 Mangaldan, Pangasinan 35-933 F 36 > 

*29 Batac, Jlocos Norte 36-111 M 44 "' z .. 0 
30 Candon, Ilocos Sur 35-318 F 18 .. 

" :ii 
*31. Bacnotan, La Union 35-489 F 35 "' t.=J ;;. 
•32 San Fernando, La Union 35-209 M 50 c C"l 

*33 San Fernando, La Union 36-480 M 45 9 0 z 
34 Hilo, Hawaii 37-823 F 23 Foreign 

*Note: Asterisks indicate cases with ,;sceral complications. 
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greater than Central Luzon : but )lanila, where our autopsies 
were performed, lies in the heart of the Tagalog region and for 
this demonstration the Tagalogs of any chosen group would lik~~ 
ly be amply representative in number and be correctly propor
tional to the total Philippine population. Yet infected Taga
logs a1·e few; though the great majority of the charity pa
tients admitted to the Philippine General Hospital are from 
this Central Luzon region. Indeed it is probable that the 
Visayan and Ilocano subjects we have investigated in this 
work represented for the most part the Visayan and Ilocano 
elements of the Philippine metropolis only, to which they have 
drifted. We can not pass over the fact that these elements 
naturally bring along with them, as all folk do, their folk habits, 
and among these no doubt, their habit of eating raw fish. It 
is also significant that ten out of our fifteen cases with> visceral 
complications came from the llocano-Visayan group. To our 
mind this fact suggests that continuous and heavy eating of 
raw fish favors the adverse if not mortal involvement of the 
visceral organs, since a very large percent1.>.ge of the most popu
lar local fishes are naturally infected, as has been indisputably 
shown. 

IX. SYMPTOMATOLOGY 

A. INTESTINAL HETEROPHYIDIASIS 

According to Khalil (47b) Heterophyes infection in man 
occasionally produces diarrhea, which may be accompanied with 
blood. The course of the infection is of a chronic and intermit
tent nature. Neurasthenia is sometimes observed among the pa
tients. Practically the same symptoms are observed in Metag•>
nimus infection. 

Analysis of the clinical record of the majority of our thirtr
three cases from which flukes were recovered in the intestine at 
the time of their confinement in the hospital did not show intes
tinal symptoms that could be clearly attributed to the presence 
of the worms even in the most heavily infected ones. The 
patients evidently sought admission to the hospital for other 
reasons. We have not yet seen any antemot"tem infection 
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by the flukes involved in the present work to justify dbcus
sion of the symptoms of uncomplicated intestinal infection~. 
Faust and Nishigori (29) experimentally infected human 
beings with Haplorchis, but unfortunately, no clinical records 
of their experiment are available. There can not be any 
doubt, however, that Haplorchis infection could produce intesti
nal disturbances such as colicky pains and muc.ous diarrhea, 
judging from the location of the parasites in the mucosa as ob
served in experimental animals ( 6a & b). The degree of these 
disturbances would, most likely, depend upon the number of 
worms that had invaded the glands of Lieberkuhn and the extent 
of penetration, or of the destruction or necrosis of the epithelium 
occasioned by the presence of the worms. On the whole, these 
intestinal disturbances, except in very heavy infections, are per
haps so mild that they may be considered negligible clinically. 

B. CARDIAC HETEROPHYIDIASIS 

Analysis of the clinical records of the thirteen cases in our 
series in which death was attributable to cardiac complications 
of intestinal heterophyidiasis, or in which serious lesions evident
ly due to the presence of eggs of the flukes in the myocardium 
(and mitral valves in some) have been observed, shows that in 
two of the cases death was apparently sudden; in three, death 
ensued soon after admission to the hospital; and in almost all 
of the cases which were admitted to the hospital and lived long 
enough for clinical observation, the pa,tient showed symptoms of 
failing heart on admission, and had been suffering from this 
condition for some time previously. 

The most important signs and symptoms observed in the 
ward in the order of their frequency are : enlarged heart, dyspnca 
and cyanosis, easy fatigability, cough, palpitation and arhyth
mia, edema of the lower extremities and face, numbness of the 
lower extremities, diminution or total abolition of knee jerks 
and other reflexes, ascitis, enlarged liver, systolic murmur, ac
centuation of the second pulmonic sound, pre-systolic murmur 
and other abnormal heart sounds, anasarca and fornication. 

That cardiac heterophyidiasis may be comfounded with 
dropsical beriberi is evinced by the fact that in the ward. four 
of our cases were diagnosed and treated as such; while eight of 
the cases were given the same anatomical diagnosis. Vlr'ben val-
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vular involvement is present, besides the myocardial lesions, the 
·condition may pass for any endocardial affection due to other 
causes. It may be mentioned that in the ward, clinicians not in
frequently meet cases presenting symptoms of cardiac beriberi 
which are absolutely refractory to the administration of vita-

. minB1. 
Because of the possibility of the wide dissemination of eggs 

throughout the body, concomittant with the heart condition (as 
has been demonstrated in one of our cases in which eggs were 
found in the liver, lungs, and spleen, besides in the heart) car
diac heterophyidiasis may present protean manifestation. 

X. DIAGNOSIS 

In very young infections, or in cases of recun-ent ones, diag
nosis is based on the finding of eggs in the feces. The eggs 
must be very carefully differentiated from those of the opistor
chid trematodes (Chlonorchis sinensis and Opistorchis felineus) 
which they closely resemble. We have not detected eggs of 
these flukes (heterophyids) in the feces of cadavers examined 
in the present series. We attribute this failure either to faulty: 
technique employed or to the scarcity of eggs due to the small 
siZe of infection in the majority of the cases. In many cases we 
were able to recover only a few flukes from the cadavers. With 
the exception of Spelotrema brevicaeca, of which as many as 

·500 specimens were recovered in a single autopsy, only a few 
flukes (refer to table 1) were obtained in the majority of our 
positive autopsies. We doubt whether the egg output of such 
small numbers of flukes would be ~ufficient to be demonstrated 
in the feces by the ordinary method of fecal examination. In 
fact, in one of our heart-failure cases not a single fluke was· 
found in the intestine at autopsy. Furthermore, the parasites 
.that get imprisoned in the lumen of the intestinal glands, or 
in the tunica propria can expel their eggs into the intestinal 
lumen only with great difficulty. For this reason we believe 
that diagnosis in vivo of advanced cardiac heterophyidiasis, or 
of other visceral complications would be rather problematical 
unless some kind of skin test is developed in the future. Clin
ically, cardiac heterophyidiasis has to be differentiated from 
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wet beriberi, and other organic heart diseases, such as restricted 
specific valvular troubles, chronic myocarditis, and the like. 

XI. COURSE, DURATION, AND PROGNOSIS 

As in other helminthic infections in which there is no multi
plication of the parasites in the body of the host, the course, du
ration, and prognosis of this disease naturally depend upon the 
size and age of the infection, upon how many times reinfoction 
has occurred, and upon the degree of involvement of the viscera. 
Heterophyidiasis is primarily an intestinal infection, and vis
ceral complications, perhaps, occur only under certain conditions. 
If the intestinal infection is slight, providing no reinfections oc
cur, the patient may probably eventually get rid of his infection 
without developing visceral lesions, or at least the visceral lesioI13 
may not become serious enough to show external manifestations. 
Visceral complications probably set in in subjects who are fra
quently exposed to the larvae (metacercariae) through eating 
uncooked ti.sh, for long periods of time. Once serious lesions in 
the heart are produced, the course, duration, and prognosis are 
probably the same as in other organic heart diseases. 

Theoretically, a single massive dose of eggs may over
whelmingly embarrass the heart (specially if they happen to plug 
important vessels, or annihilate extensive vascular areas) and 
bring about a fatal acute heart attack. However, in many of our 
cases in which lesions attributable to this infection and presum
ably the cause of cardiac dysfunction, were found, only the spe
cific type of lesions and the very chronic ones (sclerosis and cal
cification) could be demonstrated, indicating that probably in 
many cases the condition is a chronic one, resulting from recur
rent hemorrhages in the myocardium, or valves, mechanically 
produced by the eggs of the parasites. 

XII. TREATMENT 

Administration of tetrachlorethylene recommended by othar 
authors for the treatment of Metagonimus and Heterophyes in
fections may be tried to expell the flukes in the intestine and 
prevent possible visceri.l dissemination of the eggs. Every in
testinal infection should be considered potentially dangerous. 
Reinfection should be avoided by abstinence from eating any 
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kind of fish in the raw or semi-raw state in order to lir.iit th~ 
size of the infection already present in the intestine and to 
frustrate possible visceral involvement, or prevent its aggrava
tion . if already present. Once the symptoms of failing heart 
supervene, the treatment would be in the same line as in other 
organic heart diseases, or symptomatic. Perhaps in no other dis
ease is the adage "an ounce of prevention is worth more than a 
pound of cure" more applicable than in this infection in refer
ence to its serious visceral complications. 

XIII. PROPHYLAXIS 

Absolute prevention of the infection is possible if the peo
ple could abstain from eating fish of any kind in the raw or im
properly cooked state. We do not subscribe to the opinion of 
other authors that, fundamentally, control involves the sanitary 
disposal of human feces, because other mammals (dogs, cats, 
foxes, etc.) and birds are infected heavily with this heterophyids 
in endemic areas. It is probable that these animals and not the 
infected human population, mainly disseminate the eggs that in
fect the molluscan hosts. Mass education especially along the 
line of drying, seasoning and cooking fish properly before con
sumption so as to render it free from viable larvae will greatly 
help to minimize the incidence or intensity of the infections in
endemic localities. 

XIV. COMMENTS 

One will note in our protocols the paucity of worms. recov
ered from the intestine of individual autopsies. Indeed, as pre
viously stated, not a single fluke was recovered from the intes
tine of one of our heart-failure cases in which ova were found 
associated with degenerative changes in the myocardium. Su
perficially it would really seem far-fetched to associate the pres
ence of a few worms in the intestine of these cases with the car
diac dysfunction observed in them. We believe, though, that 
the few worms recovered from these cases did not represent the 
actual number of flukes present in the intestine at the time of 
autopsy, since some of the parasites could have been easily lost 
during the process of recovering the others. This loss can well 
be appreciated by having in mind the small size of these trema-
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todes, which measure on the average only a fraction of a milli
meter in length. Furthermore it has to be considered that these 
worms do not multiply in the intestine of the host. The num
ber of worms that an individual harbors can not be any greater 
than the number of encysted larvae (metacercariae) previously 
ingested by him. Yet a person may ingest dose after dose ,;f 
the infective larvae at varying intervals for long periods, so that 
batch after batch of new worms may arrive successively in the 
intestine, take their position in the intestinal wall, mature, die 
and disappear from the scene, but leave their eggs in favorable 
situations, whence they can easily filter into the lymphatic and 
blood streams. The number of worms found at autopsy can not 
then be taken as an index of the size of the infection or of "suc
cessive infections" that the subject had had in life. 

The above view will also help explain the apparent absence 
of visceral complication in over one half of our positive autop
sies in which the flukes were recovered from the intestine. Of 
course, in some of these cases eggs might have also been present 
in certain visceral organs but perhaps in such negligible num
ber that their presence could neither give rise to observable ex
ternal manifestations nor be detected with the method we used. 
Had the subjects not died of other intercurrent diseases, or had 
they lived long enough to permit their heterophyid infection to 
run its course, it is probable that some of them would likewise 
have developed visceral heterophyidiasis. 

The extent and severity of visceral complications in hetero
phyidiasis perhaps depend upon the size and duration of the 
original infection and upon how many times reinfection has oc
curred. If the intestinal infection is slight, providing no rein
fections have occurred, the patient probably gets rid of his in
fection eventually without developing visceral lesions; or the 
visceral lesions, if already present, may not become serious 
enough to produce observable external manifestations. While 
every existing intestinal infection is not necessarily followed by 
visceral complications, nevertheless any infection should always 
be regarded potentially dangerous. Visceral complications pro
bably occur in persons addicted to the eating of raw fish in 
endemic areas; in other words, in individuals exposed to large 
doses of larvae for long periods, the long periods favoring cum
mulative deposits of ova in the intestinal wall. This observa
tion seems to be supported by the fact that the great majority of 
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our autopsies with cardiac comp!ications occurred as we have 
repeatedly said among the Ilocanos and Visayans, who eat mor~ 
raw fish than other Philippine population groups. 

There seems to be no doubt that the lesions we have de
monstrated in the ·myocardium and valves of our heart-failure 
cases are caused specifically by the heterophyid ova with which 
they are usually found associated. That these lesions eventually 
lead to the formation of scar tissue and other degenerative 
changes seems to have been demonstrated in this work. How
ever, whether these lesions have been primarily responsible for 
the cardiac dysfunction observed in these cases, or whether they 
only contributed with other coincidental pathological conditions 
to bring about the final breakdown of the circulation are ques
tions which are not yet fully settled. In fact, according to 
MacCallum* (1928) there is still much dispute as to the effect 
of scars in the myocardium, or rather of the injuries which give 
them origin, upon the muscular power of the heart. While con
ceding that the destruction of the heart muscle and its replace
ment by rigid scar tissue must deprive the heart of some of its 
strength, he believes that the reserve power of this organ is so 
extraordinary that a great deal may be destroyed before the cir
culation is impaired. He cites Aschoff and Tawara, who lay 
little stress on such scarring of the heart as a cause of the fail
ure of the circulation, and states further that most clinical wri~ 
ers also agree that even extreme degrees of fibrous alterations 
may exist for a long time without giving rise to any symptoms. 
MacCallum is also uncertain whether the conversion of a part 
of the heart muscle into scar tissue is followed by hypertrophy 
of the rest of the muscle, so as to enlarge the whole heart; be
cause, according to him, the condition seldom occurs without 
other changes within or outside the heart, which could also be 
concerned in causing cardiac hypertrophy. 

But whatever may be the exact mechanism of cardiac fail
ure it is difficult for us to dissociate the lesions in the myocar
dium and valves, which we believe are specifically produced by 

-heterophyid ova, from the cardiac dysfunction in our cases. 
This conviction is particularly strong in connection with those 
cases where in addition to the scarring of the myocardium the 

'* Maccallum, W. G.-A text book of pathology, fourth edition, W. B. 
Saunders Company, Philadelphia and London, 1928. 
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mitral valves were so thickened by sclerosis and calcification 
that the cardiac hypertrophy, followed by the final breakdown 
of the circulation observed in them, was pretty obviously due t•J 
these anatomical changes. 

The possibility that the cardiac hypertrophy and failure of 
the circulation in these cases is independent of, or unrelated to, 
the lesions specially produced by the ova in question, and that 
they have been due to other coincidental pathological conditions 
seems to us highly improbable even from purely statistical 
grounds alone. Coincidence may occur in a few cases, but 
hardly in such a relatively large number of instances. In this 
work, we have extensively and painstakingly explored histolo
gically the hearts of 89 unselected cases of cardiac trouble with
out regard to their clinical or anatomical diagnosis, and irres
pective of the presence or absence of the worms in the intestines. 
The primary causes of death in these 89 cases with enlarged 
hearts were as follows: Cardiac dilatation with hypertrophy of 
the right ventricle (beriberi), 10 cases, or 11.23 per cent; chronic 
interstitial nephritis with hypertrophy and dilatation of the 
left ventricle, 15 cases, or 16.85 per cent; chronic valvulitis with 
mitral stenosis and insufficiency, 27 cases, or 30.33 per cent; 
acute or subacute endocarditis, 6 cases or 6.74 per cent; cerebral 
hemorrhage, 8 cases or 8.89 per cent; aortitis, syphilitic with 
secondary cardiac dilatation, 2 cases or 2.4 per cent; acute or 
chronic myocarditis, 20 cases or 22.47 per cent. It is interest
ing to note that in 13 of these 89 cases with enlarged heart in 
which the ova of the parasites were found associated with 
serious lesions in the myocardium and valves, the adult worms 
could also be demonstrated in the intestine except in one case; 
whereas in 71 cases of these series in which the heart was en
larged but found after exhaustive histological explorations to be 
without any evidence of the presence of the ova, or lesions 

-which may be specifically attributed to them, the intestine was 
likewise invariably negative for flukes. In these 13 cases with 
myocardial and valvular involvement the cause of death was 
attributed to cardiac beriberi in 9, to chronic valvulitis in 3, and 
to acute pyonephrosis in 1. These attributions seem significant: 
because, if these changes in the heart (which we believe are 
caused specifically by heterophyid ova) were only coincidental 
with other pathological conditions which were really responsi
ble for the final breakdown of the circulation in these cases, the 
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changes should have been found more or less evenly distributed 
among the different conditions above enumerated. As it is, 
they seem to show a tendency to occur in cases which to the 
pathologist grossly appear as cardiac beriberi, thus indicating 
the existence of a pathological condition which although un
recognizable grossly from the real beriberi, is nevertheless dis
tinct from and quite independent etiologically of the latter. It 
is true that in 5 cases of this series we failed to demonstrate 
the presence of eggs or lesions characteristic of this infection 
in the heart in spite of the presence of the worms in the in
testine. However, failure to demonstrate them does not mean 
that they were actually absent; and the failure consequently 
can not constitute a negative evidence, since as stated previous
ly, in this infection the places of the specific lesions are dif
ficult to find and are discovered only wherever the eggs hap
pen to be lodged. To eliminate heterophyidiasis completely as 
a possible etiologic factor even in these five cases it would ne
cessitate the satisfactory demonstration of the presence of other 
causes. We may add that if not associated with ova or with 
the characteristic reactive cellular elements which we conside1· 
specific to this helminthic infection, the non-specific lesions in 
heterophyidiasis (such as, the very acute, or those of purely 
vascular nature, and the very chronic, or terminal degenerative 

. changes) can not very well be distinguished respectively from. 
the acute vascular changes and sclerosis due to other causes, 
and can be mistaken for any acute vascular condition' or for 
any non-specific healed or sclerotic lesions. 

Although we think that our knowledge of this infection is 
still very limited, nevertheless we feel that we are now in a posi
tion to advance at least seven main propositions as a working 
basis for further study, as follows: 

(1) That heterophyidiasis is primarily and essentially an 
intestinal infection; but because of an unbalanced parasitic 
relationship between the human host and the parasites, the para
sites wander into the deeper layers of the wall of the small 
intestine, where they become imprisoned and die. 

(2) That because of the position assumed by the parasites 
in the intestinal wall in relation to the terminal tributaries of 
the portal vein and lymphatic vessels, and because of the gen
eral lack of fibrotic walling-off processes on the part of the host 
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tissue, the eggs of the worms that degenerate get into the blood 
and lymphatic streams and are carried into the different viscera. 

(3) That in the viscera these eggs may precipitate in a 
mechanical manner hemorrhages and other vascular disturban
ces of varying degrees of intensity which later may provoke a 
cellular reaction hitherto unknown and peculiar or specific to 
heterophyidiasis. 

(4) That these specific tissue changes are eventually re
placed in the healed lesions by the proliferation of fibrous tis
sue that insidiously sets in as the specific reaction tissue is gra
dually absorbed, the total activity leaving an inflammatory resi
due quite unrecognizable, in the absence of eggs, from the termi
nal inflammatory processes due to other infections. 

(5) That the nature, as well as the extent and severity of 
the visceral complications, depends upon the organ or organs 
receiving the largest number of eggs, which in turn depends 
upon the size and duration of the original infection and upon 
how many reinfections have occurred. 

(6) That if the intestinal infection is slight, providing 
no reinfections occur, the patient may get rid of his infection, 
eventually, without developing visceral lesions; or the visceral 
lesions, if they develop, may not become serious or extensive 
enough to produce observable external manifestations. 

(7) That while every existing intestinal infection is not 
necessarily followed by visceral complications, nevertheless any 
infection should always be regarded as potentially dangerous. 

XV. GENERAL SUMMARY 

It is the purpose of this entire paper to embody in one 
volume all the pertinent observations we have made so far in 
human heterophyidiasis since our discovery in 1935 of visce
ral complications in this helminthic infection heretofore believed 
to be restricted to the small intestine. However, it was real
ized that in order intelligently to present our findings in man 
the different phases of this infection as observed in animals 
both under natural and experimental conditions as weil 
as the systematic position of the flukes concerned should 
be dealth with at some length. Hence special reference has 
been made to the family Heterophyidae as a whole; such as, 
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the general description of this family; its local representatives 
in the Philippines; their life cycle in general and the local fishes 
that convey the infection to the ultimate hosts; the mechanism 
of infection and dessemination of the parasites (particularly 
their eggs) in the body; the deRcription of the varying species 
involved; their behavior in avian hosts, and whatever else seemed 
germane. In or<ler to provide a background to the present 
work there have been included a brief history of the discovery 
of complications in the heart. and a survey of local trematode 
infections, and a review of other pertinent literature on the sub
ject, including other helminths that have been previously found 
to lodge in the heart and central nervous system. 

The technique we have employed in this investigation hll.'! 
been fully described for the convenience of other workers who 
may want to amplify on the little start we have made in the 
Philippines, or as an invitation for other institutions similariy 
situated to confirm our findings. 

The present work is mainly a report on visceral complica
tions in intestinal heterophyidiasis observed among thirty-four 
positive autopsies in a series of two hundred ninety-seven cases 
performed in the Manila City Morgue. Visceral complications 
were found in fifteen: heart (including the mitral valves in 
several), fourteen times; brain, once; spinal cord, once; liver, 
twice; lungs, once ; spleen, once. In thirteen cases with heart 
lesions associated with heterophyid eggs, cardiac symptoms were 
observed in Ilfe, and death was attributed to heart failure. 

Heterophyidiasis is primarily an intestinal infection. In
testinal infection occurs in about 8.33 per cent of autopsies in 
charity patients in Manila. About 44 per cent of intestinal in
fections develop visceral complications. The adult flukes para
sitise the mucosa of the small intestine; but apparently because 
of an unbalanced parasitic relationship between the human host 
and these worms, the latter wander into the deeper layers of 
the intestinal wall, where they become imprisoned and die. Be
cause of general lack of fibrotic walling-off processes on the 
part of the host tissues, the ova in the bodies of these flukes 
that degenerate filter into the lymphatic or blood streams, and 
are carried to the different organs of the body. Recurrent 
hemorrhages and other concomitant vascular changes precipit
ated by these eggs from time to time in the heart during the 
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course of intestinal infection re~ult in the formation in the 
myocardium and valves, in a proportion of cases, of lesions of 
varying grades of chronicity. Except for the presence of the 
eggs, the acute stages, which are purely of vascular nature," 
and the very chronic or terminal stages of the inflammatory pro
cesses can not be differentiated from those of other infections. 
In between these two extremes, however, the lesions partake 
of the nature of typical reticuloendothelial proliferation with 
very little or none at all of the other cellular elements usually 
found in other helminth infections. This type of lesion, which 
is found almost invariably wherever the eggs of these flukes 
have lodged for some time, is considered specific or peculiar 
to heterophyidiasis, and is a newly discovered and newly de
scribed pathological condition. Such lesions apparently lead 
eventually to the formation of fibrous tissues or scars and other 
degenerative changes in the myocardium, or valves, which may 
become extensive enough to impair seriously the function of the 
heart and to bring about an acute fatal heart attack. 

If the lesions in the myocardium, or valves, in thirteen of 
our fatal heart cases could be taken as primary contributing 
factors to the death of these individuals, as seems reasonable 
from the apparent absence of any other probable factors then 
it would seem that around 14.60 per cent of heart disease in 
charity patients in the Philippines is occasioned by heterophyid 
-infection. At any rate, it seems that one previously undiscov
ered cause of heart trouble has been found and that a distinct 
specific pathological condition hitherto unrecognized has been 
demonstrated, appropriately to be called-cardiac heterophyidia
sis. 

Broad generalization can not be deduced from our limited 
data on the complications of this infection in the central ner
vous system, in the liver, the lungs, and spleen. Nevertheless, 
the lesions we have described in the brain and spinal cord 
caused by the presence of eggs in these localities present un
equivocable evidence to support the contention that serious neu
rological disturbances may also occur as complications of in
testinal heterophyidiasis. 

The paucity of our data concerning lesions in the central 
nervous system and other viscera is in our opinion more ap
parent than real and is due largely to lack of means as well 
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as to lack of opportunity to exa!Iline such organs as extensively 
and as intensively as we have examined the heart. 

Included in this treatise are short discussions on the symp
tomatology, diagnosis, course, duration and prognosis, treat
ment, and prophylaxis of het~rophyidiasis, particularly the car
diac form. 
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ILLUSTRATIONS 

PLATE 1 

FIG. 1. Stictodora manilensis Africa and Garcia, 1935. 
FIG. 2. Heterophyopsis e:x;pectans (Africa and Garcia, 1935) Tubangui 

and Africa, 1938. 
FIG. 3. Haplorcllis pumilio (Looss, 1899). 
FIG. 4. Stictodora guerreroi Garcia and Refuerzo, 1936. 
FIG. 5. Pygidiopsis marivi/lai Refuerzo and Garcia, 1937. 
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PLATE 2. 

FIG. 1. H11p/orchis yokog11wai (Katsuta, 1932) Chen, 1936. 
FIG. 2. Haplorchis t11ichui (Nishigori, 1924) Chen, 1936. 
FIG. 3. H11plorchis calderoni (Africa and Garcia, 1935) Africa, 1938. 
FIG. 4. Haplorchis vanissima Africa, 1938. 
FIG. 5. Ste/T.antchasmus falc11tus Onji and Nishio, 1924. 
FIG. 6. Spelotrema brevicaeca (Africa and Garcia, 1935) Tubangui and 

Africa, 1938. 

PLATE 3 

FIG. 1. Egg of Haplorchis yokogau:ai. 
FIG. 2. Eggs of Haplorchis taichui. 
FIG. 3. Egg of Spelotrema brevicn.eca. 
FIG. 4. l\letacercaria of Haplorchis yokogau;ai. 
FIG. 5, 6, 7 and 8. Differen~ types of H. yokogawai egg. 

PLATE 4 

FIG. 1. Eggs blocking a capillary vessel in the myocardium (Case No. 1). 
FIG. 2. Eggs in a space where a blood vessel has ruptured and the mus

culature disintegrated with red cell debris around the ova 
and evidence of much congestion and edema (Case No. 6). 

PLATE 5 

FIG. 1. Another capillary hemorrhage in the myocardium, evidently due 
to an egg-embolus, showing inte;ise hyperinjection of the ca
pillaries between individual muscle fibers (Case No. 1). 

FIG. 2. A large number of eggs intermixed with red cell debris in an in
terstitial space between distinctly edematous muscle fasci
culi. Note again the hyperinjected capillaries that stand out 
in bold relief between indhidual muscle fibers like cords 
(Case No. 1). 

PLATE 6 

·Fm; 1. A mass of fibrin clot and conglutinated red cells in an empty 
space, between muscle fasciculi in which many eggs are 
enmeshed (Case No. 7). 

-FIG. 2. A thrombus with an egg (indicated by arrow) in an interstitial 
space which is greatly infiltrated with. fluid. A serial study 
of this block disclosed the presence ·of many more 6.ggs as 
well as the relation between this thrombotic formation and 
a blood vessel (Case No. 6). 
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PLATE 7 

FIG. 1. A segment of a longitudinally cut mass of young reticuloendothelial 
cells in a young fibrous tissue groundwork apparently plug
ging what was once the lumen of a blood vessel between 
muscle bundles. Eggs (indicated by arrow) are found here 
and there all along this deeply staining mass of reactive 
tissue (Case No. 4). 

FIG. 2. A large sheet of very compact and dense proliferated reticulo
endothelial cells in the subepicardial space, with eggs (scarce
ly visible under the low power) intersperaed irregularly among 
them. The center of the m9.SS has become frankly fibro
tic. (Case H-5-1). 

PLATE 8 

FIG. 1. Another mass of highly tinctorial reactive tissue consisting of 
young endotheliocytes and histiocytes in a young fibrous tis
sue groundwork evidently occupying what was once the site 
of extravasated blood. Note that it communicates with an
other mass of the same cellular composition in a neighbor
ing inter-fascicular space. The eggs are scarcely visible 
(Case No. 4). 

FIG. 2. Circumscribed masses of proliferated reactive cells that have 
thrown the m;>ocardium into shreds. Appearing like abs
cesses under the low power, their nature becomes more ap
parent as the usual characteristic cellular elements with eggs 
or bits of them scattered around come to view under higher 
magnification (Case No. 7). 

PLATE 9 

FIG. 1. Streaks of the same typical reactive tissue following the course 
of the inter-fascicular spaces in the myocardium. Note points 
that have become definitely fibrotic. Eggs are often seen 
snugly enclosed in the fibrotic areas such as the one indica
ted by arrows but are hardly visible in the photomicrograph 
(Case No. 6). 

FIG. 2. The same characteristic lesion as the one above but more exten
sive in distribution (Case N"o. 10). 

PLATE 10 

FIG. 1. A typical chronic specific lesion. Clumps of eggs (indicated by 
arrows) are discernable even under the low power (Case 
H-5-1). 
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Fie. 2. Chronic specific lesions dissecting muscle bundles. These sheets. 
of endotheliocytes and histocytes if followed throughout their 
full length will lead to points where the reactive cells are 
still intermixed with red blood cells. The leucocytes, special
ly the polymorphonuclears, ore amazingly rare, and foreign
body giant-cells absent as they are from all the rest of his
tological secticns examined (Case No. 9). 

Fie. a: Microdrawing under the oil immersion of an area indicated ·in 
fig. 2, (this plale) showing the types of reactive cells, (a) 
histocytes, (b) endothe!iocytes, (c) lymphocytes, (d) fibro
blasts, common to all chronic specific lesions described in this 
work. 

PLATE 11 

FIG. 1. Chronic specific lesions in the myocardium which while still re
taining distinctive cellular features, have become definitely 
fibrotic in certain points (Case No. 5). 

FIG. 2. A section of the segment shown in fig. 1 (this plate) under the 
high power showing an egg (indicated by arro\v). 

FIG. 3. Sho"ing the specific reactive cells being replaced by scar forma
tion. (Note an egg indicated by arrow). After the com
plete disappearance of the characteristic reactive cells, such 
scars would just appear like any healed lesions due to other 
causes (Case No. 4). 

PLATE 12 

FIG. 1. Histological section of leaflet of the mitral valve showing eggs 
(indicated by arrows) still clinging to strands of sclerotic 
tissue apparently in the path of an advancing hyalinization. 
At the periphery of the microscopic field on one side may be 
seen the same deeply-stained reactive cells found in the myo
cardium (Case No. 4). 

Fie. 2. Typical eggs fossilized in a mass of calcified material in the in
terior of a sclerosed leaflet of the mitral valve (Case H-5-1). 

PLATE 13 

FIG. 1. Sclerotic interior of a leaflet of mitral valve showing fragments 
of broken eggs. Note presence of blood vessels around (Case 
No. 4). 

FIG. 2. Portion of a calcified interior of mitral valve showing eggs fos
silized in the calcified matter indicated by arrows (Case No. 
4). 
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PLATE 14 

Fie. 1. Chronic specific lesion identical with those found in the myocar
dium in a section prepared from the wall of a fatal he
morrhagic clot in the right basal ganglion. Note an empty 
egg at the edge of the lesion near the normal brain tissue 
(Case No. 3). 

FIG •. 2. Another section from the same neighborhood as the above, show
ing an intact egg in the interior of the reactive cellular ele
ments. 

PLATE 15 

FIG. 1. Another well circumscribed mass of proliferated deeply staining 
endotheliocytes and histiocytes in a fibrous tissue ground
work, marking the site of what appears to be an old perivas
eular hemorrhage. An empty egg is discernible at the edl!'e 
of the lesion (Case No, 3) . 

Fie. 2. Chronic specific lesion in the liver, showing the same character nf 
reactive cells found in lesions of the heart of the same case 
(Case No. 10). An egg is indicated by arrow. 

PLATE 16 

FIG. 1. Water color microdrawing (under the low power) of the same sec
tion represented. in the photomicrograph (fig. 1, plate 10). 

FIG. 2. Water color microdrawing (high power) of the same section re
presented in the photomicrograph (fig. 1, plate 7). 

PLATE 17 

Fie. 1. Water color microdrawing under the high power of a section nf 
the myocardium showing a chronic specific lesion which has 
become more frankly fibrotic. The eggs are indicated by ar
arrows (Case No. 6) . 

FIG. 2. Water color microdrawing (high power) of a section of the brain 
showing a chronic specific lesion in which fibrotic changes are 
already evident in certain points. An egg is indicated by 
arrow (Case No. 321). 

PLATE 18 

FIG. 1. Water color microdrawing (fow power) of a section of the brain 
showing the lesion in marked contrast with the normal brain 
tissue. An egg is indicated by arrow (Case No. 3). 
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FIG. 2. Water color microdrawing (hio;h power) of a section of the spinal 
cord, sho"·ing the same characteristic lesions found in the 
heart and brain. An egg is indicated by arrow (Case No. 11) . 

. PLATE 19 

Photomicrographs of Histological Sections of Pancreas and Liver of Birds 
Showing Heterophyid Adults and Eggs. 

FIG. 1. A large collection of eggs of Stictodora in the pancreas of a sea 
gull (Larus ridibtmdus Linn.) 

FIG. 2. Edge of the egg collection showing the nature of cellular reaction. 
FIG. 3. Portal area of the liver of a cattle egret ( Bubulcus ibis coroman

dus) showing sections of adult Haplorchis in the bile ducts. 
FIG. 4. Eggs of Haplorchis in a bile duct of cattle egret showing the 

character of the reactive tissue. 

PLATE 20 

FIG. 1. Water color microdrawing of a huge collection of eggs of Sticto
dora in the pancreas of a sea gull. 

FIG. 2. Water color microdrawing of a section of the liver of a cattle egret 
showing section of Haplorchis in the bile duct. 

PLATE 21 

Photomicrographs of Histological Sections of the Small Intestine of Dogs 
E:t:perimentally Infected with Haplorchis yokogawai. 

FIG. 1. A fully developed adult fluke in the space between the villi. 
FIG. 2. An adult fluke causing pressure necrosis at the base of two ad

joining villi. 
FIG. 3. An intestinal villus showing a section of a fluke inside. Note the 

absence of tissue reaction around the parasite. 
FIG. 4. A section of an adult fluke in the substance of the tunica pro

pria very near the muscularis. Note again the absence of 
reactive tissue around the parasite. 

PLATE 22 

FIG. 1. Clarias batrachus Linnaeus ("hito") 
FIG, 2. Arius manillensis Cuvier & Valenciennes ("kanduli") 
FIG. 3. Ophicephalus striatus Bloch ("dalag") 
FIG. 4. M11gil d11ss11mieri Cuvier & Valenciennes ("tali!ong") 
FIG. 5. Gerris filamentosus Cuvier & Valenciennes ("malakapas") 

PLATE 23 

FIG. 1. Laguna de Bay, Laguna Province, Philippines. 
FIG. 2. Drying fish on the shore of Laguna de Bay, Biiian, Laguna Pro

vince, Philippines. 
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