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INTRODUCTORY. 

THE lesions of bilharziosis are mainly due to the damage caused 
by the hard-shelled eggs of the parasite acting as foreign bodies in 
the tissues. Once the eggs are laid it is impossible to destroy them 
by treatment owing to the chitinous nature of the egg-shell. The 
effects continue with ever-increasing risk of complications and 
sequelm for a number of years; until, in fact, the eggs succeed in 
escaping from the organ, bladder or bowel, in which they are 
deposited. 

The only mode of dealing successfully with bilharziosis is 
to prevent its spread to uninfected persons. 

The great economic loss resulting from widespread bilharzial 
infection was commented upon by Lord Kitchener in his annual 
report on Egypt for 1913, and the view is therein expressed that 
"it is high time that serious steps should be taken to prevent 
the continuity of infection that has been going on so long in 
this country." 

The intractable character of the disease and the corresponding 
financial burden can be graphically illustrated from the experience 
of the Army. During the Boer War six hundred and twenty
five. men were infected with bilharziosis in South Africa. In 
1911, three hundred and fifty-nine of these were still on the list, 
exclusive of those meanwhile permanently pensioned. The cost to 
the State for" conditional" pensions for these three hundred and 
fifty-nine men was about £6,400 per annum. The" permanent 
pensions" already allotted amounted to an additional sum annually 
of £4,400 [128]. 

In the Nile Delta, bilharziosis is much more widespread and 
more severe in its manifestations than in South Africa. With 
the concentration of troops in Egypt it became desirable that the 
preventive measures taken against this disease should be made with 
a clear appreciation of the factors and the conditions under which 
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R. T .. Leiper 3 

the disease is contr~cted an9Ptopagated. '. Un£9rtunately, although 
the parasitic nature of the disease had been established in 1851 
nothing definite had yet been, discovered of the life~cycle Of the 
parasite or its manner of entering the human body. Early writers 
had supposed .that the bilharzia worm, like other trematodes, 
required to undergo a metamorphosis in a molluscan intermediar,y 
before it became capable of infecting another person. In 1894, 
however, Looss formulated the hypothesis that the disease. is 
communicable directly from man to man. In submission to his 
great authority in helminthological matters and his skill in dia
lectics, practically all research on the transmission 'of African 
bilharziosis undertaken during the last twenty years has been 
directed to the experimental verification of this hypothesis. During 
19~4 the author was in charge of the first Wandsworth Expedition 
of the London School of Tropical Medicine investigating the mode 
of spread of trematode infections of man in the Far East. Results 
which threw discredit upon the Looss hypothesis had just been' 
acquired when the outbreak of war rendered field work impossible 
and necessitated an early return. The new facts were communi
cated to the War Office, and approval was given for the author to 
proceed to Egypt" to investigate bilharzia disease in that country 
and advise as to the preventive measures to be adopt~d in con
nection with the troops." Drs. R. P. Cockin and J. G. Thomson 
were associated with the author in the inquiry, and Private W. 
McDonald was transferred from the Sixth Essex (T.), as laboratory 
assistant. 

The Committee of the London School of Tropical Medicine 
granted permission to all three members of their staff, while 
retaining their appointments, to accept temporary commissions 
for the period of the investigations. The requisite scientific 
apparatus was furnished' by the School Committee. The Medical 
Research Committee (Insurance Act) allocated a special fund for 
all necessary field and other expenses incidental to the resear~h. 
The Mission arrived in Egypt on February 8 and left agam on 
July 15. 

HISTORICAL. 

Evidence of the occurrence of bilharzial disease in Egypt in 
ancient times has been found in early Egyptian records [388] and in 
the bodies of mummies now in the Cairo Museum [416]. In his 
Memoirs, Larrey [264] Iiotes that symptoms of the disease were 
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1 Report of the Bilharzia ¥i8~ion in Egypt, 1915 

frequenta:mong the Frencp. troops during the Napoleonic Invasion 
of Egypt; 1799-1801. It was not until 1851, how

DISCOVERY. ever, that the ~ause was recognized. In that year, 
Dr. Th. Bilharz, Assistant Professor at the Medical 

School in Cairo, wrote several letters to von Siebold announcing the 
discovery ofa ,bi-sexual dlstome, which he named Distom,a hcemato
~ium, and ~uccessfully establishing a definite relationship between 
this trematode worm and the symptoms of dysentery and hrem.a
turia resulting from the corresponding lesions of the intestine and 
bladder. These letters' were published by von Siebold in the 
Zeitscltr. f.wissenschaft. Zool. in the form of three articles 
during 1852 and 1853 [25], [26J, [27J. 

. . The disease occurs in most parts of Africa, in 
GEOGRAPHICAL •• d f C Md' 
DIS RIBUTION the outlymg Islan so yprUSj a agascar, Maurl-

T • tius and Reunion; in Mesopotamia, West Indies, 
PortoRico and Martinique especially, and in South America. 
Cases have .occurred sporadically also in India, Australia, and 
England. The accompanying map gives the regions from which 
cases have actually been reported, with reference numbers to the 
papers in the BibIlography. 

In 1858 Weinland [515] m:eated a special genus 
NOMENCLA-

Schistosoma, for the Distomum hcerrnatobiu.m. In the 
TURE. 

following year Cobbold [92] discovered a similar 
parasite in' the mesenteric veins of the sooty mangaby, Cel'oocebus 
fulginosus. For this he used the new generic and specific terms, 
Bilharzia magna. Later, Cobbold accepted Leuckart's view that 
this species' was identical with that described by Bilharz. 

In 1864 Harley [214] showed that the endemic hrnmaturia, 
common in certain parts of the Cape of Good Hope and Natal was 
due also to .a species of Bilharzia, which he named B. capens.is. 
Writing in 1871, Harley [216] confessed, "I have never had much 
doubt of the identity of the North and South African parasite, stilI, 
I can only deal with facts, and my position with regard to the 
question is p:r;etty much the same as it was seven years ago. . . ." 
"Both Bilharz and Griesinger describe and figure two forms of egg, 
the one with a terminal and the other with a lateral spine." In all 
my own cases I can say positively that only one form of egg has 
existed, viz., that with a terminal spine. I have never seen any 
egg with even a tendency to the formation of a side spine." This 
differentiation of species was strongly opposed by Cobbold. 

It would thus appear that the .name B. hcematobia Was prim.at·ily 
associated by BilhaTz with th~ parasites from tj:w mesenteric veins 
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6 Report of the Bilharzia Mission in Egypt, 1915 

and those consequently concerned in the production of intestinal 
lesions, while the name B. capensis was proposed by Harley for that 
specially inducing vesical lesions. 

In 1893 Manson [3'28] suggested, on grounds of dissimilar 
geographical distribution, that the vesical and intestinal forms 
of the disease were of separate origin. Adopting this suggestion, 
Sambon [425], in 1907, formally created a new species, Schistosomum 
mansoni, for the lateral-spined egg. Its validity was bitterly 
criticized by Looss [295J, and the exact relation of this new 
name to the older specific names, B. hcematobia, B. capensis, and 
B. magna, still remains to be finally established. 

T 
The disease has been variously named : (a) After 

ERMINOLOGY. th d' b'lh' d' b'lh" b'lh e lscoverer, 1 arzla Isease, 1 arZIOsls, 1 ar-
ziasis; (b) after the generic name of the parasite, schistosomiasis; 
(c) after the chief clinical manifestations, e.g., endemic hrematuria, 
bilharzial dysentery, verminous cystitis, Cape hrematuria, Egyptian 
hrematuria; and (d) after the pathological situations, e.g., rectal 
bilharziosis, hepatic bilharziosis. 

S 
Bilharz does not appear to have made any 

EARCH FOR. . 
INTERMEDIARY. observatIOns upon the l~fe-cycle or the probable 

mode of spread of the dIsease. 
In 1854 Griesinger [200J conjectured that the young of Bilharzia 

"existed in the waters of the Nile, in the fishes which therein 
abound, or even in bread, grain, and fruit." 

Harley [214J, in 1864, wrote" according to the observations 
of Professor Siebold on the trematode worms, it may safely be 
assumed that between the ciliated embryo above described and 
the adult sexual animal there are probably two other distinct 
forms which serve to complete the chain of metamorphosis con
necting these two extremes of development. What these forms 
are, and what their transmigrations, are questions which require 
careful elucidation. The ciliated embryo is adapted for an aquatic 
existence. Swimming freely about, these minute organisms probably 
come in contact with certain mollusca and become developed within 
them into what have been called cercaria sacs." 

In his text-book on "Entozoa," published in 1864, Cobbold [95], 
after quoting Griesinger, remarks, "I think it is more probable 
that the larvre, in the form of cercarire, redire and sporocysts, will 
be found in certain Gastropod molluscs proper to the localities from 
whence the adult forms have been obtained." 

The credit of having made the first attempts to trace the 
life-cycle through an invertebrate intermediary must be given to 
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R. T. Leiper 7 

Cobbold. His experiments, begun in 1870, were made in England 
with eggs obtained from persons who had returned from South 
Africa with hrematuria. These experiments, which proved negative, 
are recorded in an article [101] "On tbe Development of Bilharzia 
hcematobia," in 1872, in tbe following words :-

"I naturally sought for the possible intermediary bearers of 
Bilharzia among fresh-water molluscs and small crustacea. 
I tried to induce the ciliated embryos to enter into the bodies of a 
great variety of animals such as gammari, dipterous larvre, entomos
traca, limmei, paludinre, different species of planorbis, and otber 
fresb-water molluscs, but neitber in tbem nor in sticklebacks, roacb, 
gudgeon, or carp, did tbey seem inclined to take up tbeir residence. 
These experiments. however, are by no means conclusive, since the 
conditions under which the experiments were made departed in 
several respects from those that are presumably essential to success 
in the ordinary course of Nature." 

The first, and in many respects the most sustained effort to 
elucidate the problem in an endemic area was made by tbe Italian 
helminthologist Sonsino, principally during the last two years of 
his stay in Egypt from 1874 to 1885. 

The report of his "Ricerche sullo sviluppo della Bilharzia 
Hrematohia," issued in 1884 [462], sbows that Sonsino's investi
gation followed upon rightly conceived lines. Having accepted 
Chatin's view tbat tbe presence of germinal cells in the ciliated 
embryo indicated preparations for a metamorphosis as in other 
trematodes, he attempted, in the endemic area:-

(a) To infect, experimentally, mollusca kept in an aquarium. 
(b) To find larval Bilharzia naturally infecting some species 

of mollusc or insect. 
The following species are definitely listed as giving negative 

results-(a) to experimental infection: Vivipara unicolor, Cleopatra 
cyclostomoides, Cleopatra bulimoides, Physa Alexandrina, and 
Melania tuberculata, and (b) to dissection: Vivipara unicolor, 
Cleopatra cyclostomoides, Cleopatra bulimoides, Physa Alexan
drina, Melania tuberculata, Physa micropleura, Physa Innesi, 
Limnrea natalensis, Planorbis schweinfurthi, Unio campanii,. 
Unio Jickeli, Corbicula spp., and Spatha caillaudi. 

The dissections revealed, however, a large number of trematode 
larvre in tbe molluscs of Egypt. Tbese developmental forms were 
described in a notable communication in 1892 [472]. 

From these investigations Sonsino concluded that "non e 
improbabile che la bilhariza che per tante particolarita s'allolltana 
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8 Report of the Bilharzia Mission in Egypt, 1915 

dagli altri generi di distomi offra ancora questa singolarita di avere 
per ospiti intermediarii animali di classi diverse da queUe che 
servono allo oviluppo degli altri distomi 0 quelIa di compire tutto 
il suo vilo vitale in parte Iibero nell' acqua e in parte parasita in un 
solo ospite finale e forte senza reproduzione aIternante." 

In 1893-94, no fewer than three special missions visited North 
Africa to investigate Bilharzia transmission. Sonsino, then 
lecturer on parasites in the University of Pisa, proceeded to Tunis 
from Italy. The French Government sent Professors Lortet and 
ViaIleton to Egypt. The University of Leipzig provided funds 
for Dr. Looss, Assistant to Professor Leuckart, to proceed to 
Alexandria. 

Sonsino [469J reported that, after many experiments with dif
ferent kinds of fresh-water molluscs (including Melania tubercu
lata, Melanopsis prremorsa and? Amnicola similis) and arthro
pods, he had succeeded in obtaining evidence that a small crustacean 
was an infected intermediary host of Bilharzia; that the Bilharzia 
had a life-history differing from the typical one of the digenetic 
trematodes, as represented by Fasciola hepatica ,. that it required 
an intermediary host and underwent a metamorphosis, without 
asexual (or alternation of) generation, /< thus resembling the 
holostomes"; that the free embryo having effected an entrance 
proceeded to encyst itself and that the encysted larva, being 
transferred with the crustacean in drinking water to the human 
stomach, was then set at liberty. After penetrating the intestinal 
walls, it arrived in the portal vein, where, presumably, it completed 
its development. 

Further work led Sonsino [471], in the following year, entirely 
to withdraw these conclusions as untenable. In the same article 
he records without comment the discovery of larvre in Melania 
tuberculata which he refers to Cercaria oceJlata and which, as 
will be shown later in this report, is closely allied to Bilharzia. 

Lortet and Vialleton [303J failed to transmit the disease directly 
to animals by feeding and inoculation, or to obtain infection of 
plants, aquatic arthropods, or molluscs; the following species of mol
lusca being specifically mentioned: Unio regyptiacus, Corbicula 
consobrina, Physa acuta, Vivipara unicolor, Lanistes carinatus, 
Lanistes boltenianus, and Melania tuberculata. 

Further experimental work was done by Lortet at Lyons in 
France, with several local species of Limnrea, but without success. 

Later, in 1905, Lortet [302] published these" Experiences nou
velles sur le developpement et la mode de penetration du Bilharzia 
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R. T. Leiper 9 

hffimatobium": "Dans un aquarium nous avons verse tous les 
jours des embryons et des reufs de Bilharzia qui etaient ainsi 
mis en contact avec diverses especes de mollusques aquatiques 
appartenant aus genres Limnffia et Planorbis. 

"Dans quelques-uns de ces mollusques, nous avions rencontre 
des kystes que nous pensions etre differents de ceux de la douve 
commune. Des milIiers de ces motlusques que nous supposions 
devoir etre infecMs on eM ingere, meles it. du son, par un veau, 
des moutons, ainsi qui par un singe. Les resultats ont eM egale
ment negatifs." 

Dr. Looss' report of his investigation is contained in 
article [288J upon a paper of Dr. G. S. Brock [67]. 
clusions are copied here in extenso:-

a critical 
His con-

.. AIs das Wahrscheinlichste und zunachst zu Erwartende war es 
natiirlich anzusehen, dass der aus der Eischale befreite Embryo nach 
Art der iibrigen Distomenembryonen in einen Zwischenwirt aus der 
Klasse der Weichtiere eindringe. lch wiederholte bei den Experimenten 
in dies er Richtung die Versuche Oobbold's und Sonsino's, aber mit 
dem gleichen, durchaus negativen Erfolge. Weder bei den haiifigsten 
Gasteropoden des Nildeltas (Cleopatra bulimoides, Melania tuber
culata, Vivipal"a unicolor, Lanistes cal"inatus, Physa Alexan
dl"ina) noch bef Lamellibranchiaten (Corbicula Caillaudi) zeigte sich 
irgend eine Infektion, gleichviel, ob dieselbe bei Tage, im direkten 
Sonnenlichte, oder bei Nacht, ob sie bei erh6hter oder gew6hnlicher 
Temperatur, in grossen od er kleinen Bassins versucht wurde. Gleich 
negativ waren die Bemiihungen, in denselben Mollusken, die auf oft 
mehrtagigen Exkursionen an notorischen Infektionsherden des Deltas 
gesammelt waren, irgend eine Cercarienform aufzufinden, welche auch nur 
mit einiger Wahrscheinlichkeit auf die Bilharzia hatte bezogen werden 
k6nnen. Namentlich diese letzteren negativen Erfahrungen sind es, 
welche mich veranlassen, die Mollusken jetzt definitiv als Zwischenwirte 
fUr unseren Wurm ausser Rechnung zu stezen. Derselbe ist in Aegypten 
so haufig, viel haufiger, als es die hisher ver6ffentlichten Statistiken die 
allerdings Stadt und Landbevolkerung gleichmassig betreffen, wahrend 
ich mich bei meinen Untersuchungen hauptsachlich an die letztere 
hielt-nachweisen, dass man, falls eine Oercarie der Bilharzia im 
Freien existierte, sie daselbst sicher und auch haufig finden miisste. 
Und das um so mehr, als die Mollusken der Nilwasser ungemein haufig 
Oercarien beherbergen: 50-60 Proz. zeigen sich fast iiberall infiziert, an 
manchen Orten aber erwiesen sich von 100 untersuchten nur 2 frei von 
Parasiten! 

"Dasselbe Resultat ergaben in ganz der gleichen Weise angestellte 
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IQ Report of the Bilharzia Mission in Egypt, 1915 

Versuche mit Crustaceen und Insektenlarven (Daphnia, Cyclops, Chiro
nomus, Culex, Ceratopogon, Ephemera, u.a.). 

"Nicht gliicklicher verliefen, nachdem so auch Crustaceen und 
Insektenlarven als mutmassliche Zwischentrager des Wurmes hatten 
von der Liste gestrichen werden miissen, entsprechende Versuche mit 
kleinen Wiirmern und Fischen." 

"Das eben betonte Verhalten der Embryonen anderen Tieren 
gegeniiber war es nun auch wesentlich, welches mich schliesslich zu der 
definitiven Ueberzeugung brachte dass die Uebertragung der Embryonen 
mit Hilfe eines Zwischentragers aus der Klasse der niederen Tiere nicht 
vor si ch gehen k6nne. Es blieb deshalb nur no ch die Moglichkeit iibrig, 
dass der Embryo direkt in den Menschen gelange und dort zu einer 
Sporosyste auswachse, die ihre Brut dann an ihren Trager abgebe." 

Naturally, the most likely course and that which one expected a priori was for the 
embryo after escaping from the egg-case to penetrate, in a manner similar to that 
observed in other species of distoma, into some intermediate host appertaining to the 
class of mollusca. In my experiments in this connexion I repeated those of Cob bold 
and Sonsino, but with the like absolutely negative results. Neither in the most 
frequently occurring gastropods in the Nile Delta (Oleopatra bulimoides, Melania 
tuberculata, Vivipara unicolor, Lanistes carinat1tS, Physa Alexandrina) nor in the 
lamellibranchiates (Oorbicula Oaillaudi) was any sign of infection to be detected, 
whether the experiment was carried out in the day·time, in direct sunlight, or at 
night, whether at high temperatures or normal ones, whether in large or in small 
troughs. Equally negative were the results of attempts to find cercaria forms, which 
could with any probability be referred to Bilharzia, in samples of the same mollusca 
collected on excursions, eometimes extending over several days, from notorious foci of 
infection in the Delta. It is more particularly these latter negative experiences that 
induce me now definitely to exclude mollusca as the intermediate hosts of our parasite. 
The latter is of such frequent occurrence in Egypt, far more 60 than would appear from 
the published statistics--though I admit that these refer to both urban and rural 
populations, whereas my experiments refer mainly to the latter-that the cercaria form 
of the Bilharzia, if such exists in a free state, ought to be met with frequently and 
with certainty under such conditions. And this should be so all the more, considering 
that the mollusc a found in the waters of the Nile harbour cercarioo with remarkable 
frequency; nearly everywhere from fifty to sixty per cent. are found to be infected, and 
in some localities only two out of every hundred proved to be free from parasites. 

Experiments conducted in a similar manner with crustacea and insect larvoo 
(daphnia, cyclops, chironomus, culex, ceratopogon, and others) yielded the same result. 

Crustacea and insect larVal having had to be struck off the list of likely hosts of 
Bilharzia, analogous experiments were carried out with small worms and fish; the 
results were just as unsatisfactory. 

The above described behaviour of the embryos towards other animals was in the 
main what led me finally to the definite conviction that proba.bly no transference of 
the embryos by means of an intermediate host appertaining to the classes of the lower 
animals takes place. Hence the only possible solution that remained was that the 
embryo reaches man directly, and develops into a sporocyst in the human host, the 
offspring of the cyst being subsequently distributed to its host. 

In 1896 Looss published, in "Recherches sur la Faune para
sitaire de l'Egypte" [290J, a detailed account of the larval forms 
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R. T. Leiper 11 

met with in the course of his dissections.· With five exceptions 
these had already been described, in less detail, by Sonsino in 1895. 
It is noteworthy that seven of the forms described by Sonsino do not 
appear to have been found by Looss. The molluscs from which 
the larval forms were obtained belonged to the following species: 
Vivipara unicolor, Cleopatra cyclostomoides, Cleopatra buli
moides, Physa alexandrina, Physa micropleura, Melania tuber
culata, Limnrea natalensis, and Corbicula Caillaudi, all of which 
had already been examined by Sonsino. A short time after the 
issue of this paper, Dr. Looss received an appointment on t.he staff 
of the School of Medicine in Cairo. His next contribution to the 
Bilharzia question was published in 1905, as a paper [294] on the 
"Histoire N aturelle de la bilharzia," read before the "Premier 
Congres egyptien de medicine" :-

"Des experiences faites par Cobbold, en Angleterre, 
par Lortet, en France, et par moi, en Egypte, eurent, sans excep
tion, le meme result at negatif. J'avais simultanement examine 
des centaines d'exemplaires des differentes especes de mollusques 
egyptiens recueillis dans des endroits ou la bilharziose m'avait eM 
rapportee comme etant tres commune. S'il y avalt une cercaire 
de la bilharzia correspondant a celle des autres distomes, j'aurais 
dd la trouver, mais je ne decouvris rien de semblable. J'ai finale
ment observe au microscope la conduite des embryons de la 
bilharzia en presence des mollusques sus-mentionnes ou de frag
ments de leurs corps: or tandis que les embryons d'autres distomes 
qui se developpent en realiM dans des mollusques, sont attires 
meme par des debris encore vivants du corps de ceux-ci et 
s'efforcent a'y penetrer, les embryons de la bilharzia., eux, ne 
pretaient pas la moindre attention aux mollusque que je leur avais 
presentes." 

"Toutes les observations mentionnees et d'autres encore, 
tendaient donc a etablir que les mollusques ne peuvent pas jouer 
un role dans le developpement de la bilharzia." 

In a polemical article, "What is Schistosomum mansoni?" in 
the Annals of Tropical Medicine and Parasitology for 1908, Looss 
[295J again asserts :-

"All attempts made by former authors to discover an inter
mediary host in which this development is gone through have 
failed, and so have my own efforts. I have examined hundreds 
of specimens of all the molluscs common in the Nile Valley with
out finding any spOlOcyst which might have been brought into 
relation with the Bilharzia worms. I have placed quantities of 
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12 Report of the Bilharz1·a Mission in Egypt, 1915 

free-swimming miracidia in contact with the same molluscs without 
obtaining an infection. It is easy to infect molluscs with miracidia 
of species which actually develop in them. Bilharzia miracidia 
were never seen to take any notice of any mollusc in their neigh
bourhood, whereas others developing in a certain mollusc soon 
begin to Swarm about it, and may, under the microscope, even be 
observed to enter into it. The same negative results were observed 
with larval of insects, with fishes, and with plants. I am thus 
forced to the conviction that man himself acts as an intermediary 
host." 

" In man, the miracidium must develop into a sporocyst which 
either directly or indirectly generates the Bilharzia worms. The 
only organ of the body thus far known to harbour young, and some
times very young worms, is the liver. I therefore conclude that 
the liver is the habitat of the sporocyst from which the worms later 
escape into the portal vein." 

In 1909, in a controversial paper entitled "Bilharziosis of 
Women and Girls in Egypt in the Light of the Skin Infection 
Theory," Dr. Looss [296J replies dogmatically to some brief 
comments on the insufficiency of his hypothesis made by 
Drs. EIgood and Sand with at the Annual Meeting of the British 
Medical Association:-

" Any theory about the mode of infection with bilharziosis, in 
order to be at all acceptable, must (a) account for the passages of 
the miracidium both from man to water and from water back to 
man; it must (b) duly consider both the habits of the host and the 
biological peculiarities of the parasite. 

" The theory of miracidium infection by the skin is in accordance 
with all the facts thus far known (a) of the biology of the parasite, 
(b) of the distribution of the disease among the population (native 
and foreign, town and rural) of Egypt. It shows (c) how the chief 
sufferers-the children in town, the adult males in the country
live under conditions which, from the epidemiological point of view, 
are essentially the same, and give the miracidia (d) the opportunity 
of passing, within the short time of their life, from man to water 
and from water back to man." 

In a popular lecture [297] on the" Life-history of the Bilharzia 
Worm," before the Cairo Scientific Society in 1910, Dr. Looss again 
declared :-

" What we know of this, the life-history of the parasite, is the 
following :-

"The worms which infect a fresh subject originate from the 
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eggs which "have left th~preceding hos't with the urine 'Or the ireces; 
The only medium in 'which they find the condition for further 
qevelopmentoutside man is water." "Authors have tried to find 
alPlolIu8C ~apable of·. rearing the germs of Bilharzia; I have person
ally experimented,with all the species occurring in the Nile Valley, 
bAt in vain, I equally failed with larvoo of insects living in water, 
wjth various species of fish, with plants, etc. In such circumstances 
the only alternative left was to assume that the germs from the 
water immediately return into man, making their way to the liver, 
where they reproduce the Bilharzia worms." 

During 1911-13 Japanese investigators had succeeded in infect
ing cattle, cats, and dogs with an allied disease, caused by 
Sfihistosoma japonioum, by immersing the animals in the flooded 
i1~lds of infected areas, but had quite failed to obtain infection 
by similar immersion in water containing large numbers of live 
~iracidia. Commenting upon this in 1914, Dr. Looss [300] says:-

cc Merkwiirdig ist dass die japanischen Autoren anscheinend zu 
:keiner Klarheit iiber die Natur der Invasionsform kommen konnen." 
c.cNach [MiyawaJ zeigt die Invasionsform einen so betrachtlichen 
Unterschied" von dem Mirazidium, dass die Existenz eines Zwischen
wirtes wahrscheinlich wird. 1st dies richtig, dann miisste sich B. japonioa 
iJ;l ihrer Entwicklung wesentlich von B. hamatobia unterscheiden, denn 
wie ein im Wasser lebender Zwischenwirt an der Verbeitung der letzteren 
in den Stadten JEgyptens beteiligt sein solI, scheint zunachst schwer 
verstandlich. " 

.It is remarkable that the Japanese authors do not appear to be able to come to 
any clear concept as to the nature of the invading form. According to Miyawa, the 
invading form manifests such marked divergences from the miracillium, that the 
existence of an intermediate host seems probable. If this statement is correct, I 
Bi.lharzia japonica must differ essentially in its development from B. hCIJmatobia, for 
it seems a priori difficult to understand how an intermediate host that lives in water 
can participate in the spread of B. hamatobia in the towns in Egypt. 

DIRECT The earliest attempts to obtain direct infection 
INFECTION experimentally were made by Harley [216] in 1871. 

EXPERIMENTS. "Two young rabbits and two dogs were allowed 
to take, at intervals with their food, pellets of the mucus containing 
swarms of the eggs. Three of these animals were killed after an 
interval of two, three, and six months respectively, and carefully 
~xamined, but no trace of Bilharzia could be found." 
' •• 1 !Mantey is reported to have made some experiments in 1880, 
but his account [331] has not been accessible. The results are 
~uoted by Looss as having been negative. Lortet and Vialleton 
IIThis ha.s been experimentally demonstrated by Miyairi and by Leiper and Atkinson. 

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-25-01-01 on 1 July 1915. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


14 Report of the Bilharzia Mission in Egypt, 1915 

attempted to infect guinea-pigs by passing the Bilharzia eggs inro 
the stomach 'through a· tube. They also injected the eggs into 
the saphenous vein of rabbits, and also attempted to inf~ct 'a 
Macacus monkey by mixing large numbers of eggs in its food. 
These experiments were uniformly unsuccessful. . , 

Having convinced himself that the Bilharzia did not requirea.n 
intermediate host, Looss [288] attempted, in 1894, to infect monkeys 
by the mouth. . 

"Die Versuche wurden jetzt so Ilongestellt, dlloss die ausgeschl;(ipf~~p 
Embryonen mit filtriertem Wasser ausgewaschen und dann in r~ines, 

ebenfalls filtriertes Wasser iibertragen und mit diesem an. verscbiedene 
Tiere zum Trinken gegeben wurden. Mit dem Menschen selbst zu 
experimentieren, ging leider nicht gut an; es wiirde, glaube ich, in 
Aegypten auch kein einwandsfreies Resultat ergeben haben, denn fast 
jeder zweite oder dritte Mann ist dort bereits von selbst infiziert. loh 
benutzte deshalb Affen verschiedener Species, bei denen ja durch Cobbold 
ebenfalls das Vorhandensein einer Bilbarz konstatiert wurde. Die Tiere 
bekamen durch 6 und 8 Wochen bindurch taglich ein, zwei, teilweise 
sogar drei Mal von dem stark embryonenhaltigen Wasser zu trinken, 
dasselbe wurde teils in gewohnlicher Temperatur, teils auf 37Q C. 
erwiirmt gegeben einer Temperatur, bei der sich die Embryonen 
ausserordentlich lebhaft und agil zeigen-die spatere Untersuchung (nach 
8 und 10 W ochen) mehrerer Affen ergab aber in allen Fallen ein durchaus 
negatives Resultat ! " . 

The experiments were now carried out as follows: the freed embryos were washed 
in filtered water and then transferred to clean, likewise filtered, water, and this was 
given to various animals to drink. It was unfortunately impossible to experiment 
with the human being; and, indeed, in my opinion no incontrovertible results would 
have been obtainable in Egypt by such a method, considering that practically every 
second to third person is already infected. I therefore employ monkeys of various 
species, Cob bold having shown that a Bilharzia is found to occur in them. During 
from six to eight weeks the animals were given some of this highly embryo-infected 
water to drink once, twice, and in some cases even three times a day; the water was 
given either at the ordinary temperature or at 37° C .• the latter temperature being one 
at which the embryos are found to be extremely lively and agile; subsequent examina
tion of several of the monkeys (after from eight to ten weeks) yielded in every ease 
absolutely negative results. 

SKIN 
INFECTION 
THEORIES. 

The hypothesis that an unknown larval stage 
might enter the body through the skin had already 
been formulated· in the Practitioner for 1888, by 

Allan [6J, who wrote, " Nearly all the youths bathing in the U mzim
dusi and Dorp Spruit are infected, while the girls, who do not bathe, 
remain free of the disease:" In 1894 Brock [67J strongly supported 
this view: "My oWn inquiries have led me to the conclusion~hat 
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bathing is, in this neighbourhood, at any rate, the most fruitful 
source of the infection. I cannot, among several hundred instances, 
recall one exception to the rule that all who su.ffer from the parasite 
have been in the habit of bathing. Moreover, it is among boys, who 
are fondest of swimming, that the symptoms earliest make their 
appearance; and I believe it would be hard, if not impossible, to 
find one boy much given to bathing in the streams, or their tribu
taries, who does not, before reaching manhood, become a subject of 
the disease. Only on this theory is explicable the fact noted by 
various observers in South Africa that the female sex is rarely 
attacked by Bilharzia. 

" That the drinking of impure water is a common factor in the 
process of infection there is no lack of evidence; indeed, it would 
be unreasonable to think otherwise if the bathing hypothesis be 
well grounded. But, other things being equal, the chances of 
infection occurring will be greater from the large quantity of water 
which must come in contact with the body in bathing, than from 
the comparatively small amount conveyed into the stomach by 
drinking; so that, granting the larVal to have the power of pene
trating the body by some means, we should expect to meet with 
a much larger proportion of cases among bathers than among those 
who only drink the infective water. 

"There is no evidence whatever that infection can take place 
by direct contagion. The question of how infection occurs will, 
however, only be satisfactorily solved when we have succeeded in 
tracing the development of the parasite through all its stages." 

It was in an article (1894) criticizing this paper that Looss, 
while adopting the view taken therein that infection occurs through 
the skin, first maintained, on biological grounds, that the infective 
agent was the miracidium [288] . 

The biological facts upon which he based this deduction were 
explained by Looss [294] to the Egyptian Medical Congress in 
1905, "il me sembla important de savoir si les embryons pouvaient, 
oui ou non, resister a l'influence des acides de l'estomac. J'ajoutai 
sur un porte-objet, au bord d'une goutte d'eau contenant quelques 
embryons vivants, un petit morceau de la muqueuse stomacale d'un 
singe recemment sacrifie et le comprimai legerement pour en faire 
sortir quelque peu de suc. Des que les embryons arrivaient a 
proximite de cette partie de la goutte, leurs mouvements cessaient 
presque instantanement. J'ai, plus tard, repete ces experiences 
avec un acide dont je connaissais la concentration. Une douzaine 
de larves, a. peu pres, ayant ete recueillies dans un petit verre de 
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16 Report of the Bilharzia Mission in Egypt, 1915 

montre rempli d'eau pure dans laqueIle ils nageaient aisement, 
une goutte d'une solution aqueuse d'acide hydrochlorique a un 
pour mille fut ajoutee avec precaution sur un cote du verre, 
mais sans mouvoir ce dernier. Aussitot que les embryons, tout 
en nageant, entraient dans la zone aciduIee, les mouvements de 
leur revetement vibratile cessaient presque aussi vite que dans 
l'experience avec le sue stomacal du singe. Les corps avaient 
encore quelques mouvements de contraction, mais au bout d' en
viron deux minutes les embryons etaient completement morts. 
Peu a peu, huit embryons entrerent de cette maniere dans la zone 
aciduIee et chez tous l'action de l'acide se montra absolument la 
meme. L'experience fut alors repetee, mais avec une solution 
d'acide it un pour deux mille. lVIeme resultat que dans l'experience 
precedente, avec cette simple difference qu'ici la mort definitive des 
embryons etait un peu retardee. 

"D'apres ces experiences, il me semble impossible que les 
embryons Iibres, avaIes avec la boisson, puissent franchir vivants 
l'estomac de l'homme. Vu ce resultat, il ne reste donc plus qu'une 
possibilite pour les embryons de penetrer dans le corps humain; de 
percer leur voie activement a travers la peau. Il y a quelques 
annees que j'ai ete conduit a cette conviction a la suite d'observations 
speciales, et je peux dire que les observations occasionnelles que j'ai 
faites entre temps, ne m'ont que confirme dans mon opinion." 

I'lVIalheureusement, je ne peux pas encore vous fournir la 
preuve incontestable par l'experience. J'ai deja entrepris quelques 
tentatives pour faire entrer les larves dans des animaux, mais ces 
experiences, peu nombreuses du reste, et executees sans systeme, 
n'ont pas donne des resultats decisifs." 

The next attempt was made in German East Africa by W olff, 
who failed to infect a cat by immersion for half an hour in water 
swarming with miracidia. His experiment is briefly recorded in 
Archiv.f. Schiffs- und Tropenhygiene for 1911 [521]. 

In 1912 :F. E. Bour [51J wrote from Mauritius to the Journal 
of Tropical Medicine and Hygiene:-

" Four months ago an attempt was made to infect two monkeys 
(Macacus cynomolgus), one by keeping for one and a half hours in 
the hollow of his abdomen, closely shaved, some water containing 
numerous miracidia; the other by dropping the same water into 
his mouth and on the mucosa of his lips and cheeks. Up to the 
present time no Bilharzia eggs have been detected in their urine." 

In 1914 Conor [122J carried out an extensive series of experi
ments in Tunis to obtain direct infection. Miracidia were adminis-
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R. T. Leiper 17 

tered to various species of monkey, to sheep, rabbits, guinea-pigs, 
and rats. Subcutaneous injection, applications to the shaven skin, 
attempts to infect by bathing and by the mouth, were without 
result in every case. 

A number of experiments have also been made by Fiilleborn, 
by certain of Dr. Looss's colleagues and by the author, but lacking 
success, these have not been put on record. 

These repeated failures to obtain experimental verification of 
his theory are explained away by Looss [300J with the statement 
that man is the only known host of Bilharzia hcematobia. 

It is right to add that a number of authorities, 
DISSENTIENTS. notably Blanchard and Manson, have consistently 

withheld their assent to the Looss hypothesis. In 
"Maladies parasitaires" Blanchard [37J wrote in December, 1895 :-

"Il est hors de doute que l'embryon eclot normalement dans 
l'eau et qu'il penetre dans le corps d'un animal aquatique, pour 
y accomplir sa phase larvaire. Neanmoins on n'a pu jusqu'ici 
decouvrir en quoi consistaient ses metamorphoses et chez quel hote 
elles s'accomplissaient. Lortet et Vailleton . ont cherche 
l'embryon et la Cercaire dans les eaux des rivieres et des mares 
d'Egypte au moyen de peches au filet fin, sans pouvoir le rencontrer 
jamais. Ils ont dresse la liste des animaux qui vivent dans ces 
eaux et les ont examines avec le plus grand soin, sans jamais y 
trouver aucun parasite qui soit imputable a l'une des phases de 
l'evolution de la Bilharzie. Le mode de developpement et de 
propagation de ce Trematode reste donc encore entoure d'un 
profund mystere." 

In 1905 Sir Patrick Manson [329 J, in his "Lane Lectures on 
Tropical Diseases" (p. 50), expressed the opinion that Bilharzia is 
" another illustration of the conveyance of a disease germ through 
water and probably by a fresh-water intermediary," while in the 
latest (1914) edition of his text-book on "Tropical Diseases" he 
writes: " Analogy suggests that the miracidium passes into the body 
of some fresh-water mollusc, crustacean, or larval arthropod, there 
to undergo the developmental changes in the redia and possibly the 
cercaria stages usually exhibited by the trematodes. Later, it may 
become encysted, and then, either free or still in the body of the 
intermediate host, gain access to man by penetrating the skin or 
through the stomach, and so pass to the veins of the portal 
system." 

" Looss has expressed the opinion that, unlike other trematodes. 
2 
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18 Report oj the Bilharzia Mission in Egypt, 1915 

Schistosomum hcematobium does not require the services of an 
intermediary host, and that the miracidium enters the human 
body directly by penetrating the skin." "I would remark that if 
S. hcematobium does not require the services of an intermediary 
host its peculiar geographical limitations are difficult to explain." 

In the following year Bal£our [12J tentatively subscribed to the 
hypothesis that a minute crustacean was the essential carrier. 
He says: "In the first report the prevalence of the disease amongst 
the boys attending a primary school in Khartoum was mentioned. 
Many of these boys drank from the school well, and this water was 
submitted to examination. A tiny but very active entomostracean, 
probably belonging to the order Ostracoda, just visible to the naked 
eye, was seen. 

"Six active embryos were placed in water along with three 
of the lively crustaceans and left over night. In the morning one 
dead embryo was found lying on the foot of the watch-glass, the 
other five had wholly disappeared, and the crustaceans remained 
alive and active. What had become of the missing five? Presum
ably they had entered or been taken up by the crustaceans." 

Two years later (1908), in their "Review of Recent Advances 
in Tropical Medicine" [14], Balfour and Archibald add: H Time has 
not permitted further experiments with the species of Ostracode 
mentioned in the Second Report, but certainly the results obtained 
were suggestive." 

Looss's INDI- The practical requirements of his theory of 
CATIONS FOR direct infection are indicated in the following 

PROPHYLAXIS. abstracts from his publications during 1908-14:-
(1908.) Ann. Trop. Med. [295J: "If this conclusion [infection by 

miracidia] is correct, it leads to the important consequence that 
the spread of the S. hcematobium is not limited by the natural geo
graphical distribution of a special intermediary host. It can spread 
wherever man carries it, so long as, and in so far as, the climatic and 
hygrographic conditions are favourable for its development." "The 
Egyptian peasants usually work their fields in companies; some
times of two or three, sometimes of several dozens, standing with 
their feet, and working with their hands, in the water or the mud. 
They often also bathe in companies in canals with slowly flowing 
water, pools, etc. One of them who is infected with urinary 
bilharziosis, when urinating into the water, infects it with several 
hundreds, perhaps thousands, of eggs. In warm weather the 
miracidia hatch within a few minutes. They have at once the 
opportunity of finding a new shelter, either in the skin of the man 
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R. T. Leiper 19 

who voided the eggs or in the legs and hands of one of his comrades 
working close by him. . These possibilities of infection are 
repeated every time a man urinates into the water. They are 
perhaps repeated every day the season of the Nile flood lasts." 

(1909.) Brit. Med. J oum. [296]: "When once free from their eggs' 
shells they [the miracidia] disperse in the water to all sides, and the 
chance of reaching a suitable shelter considerably decreases for the 
individual miracidium with time and distance. The more I think 
of this latter circumstance the more I become convinced that the 
chief foci of infection-that is, the places where strong and repeated 
infections are contracted-cannot be found in large bodies of waters, 
as rivers, canals, ponds, etc., but must be sought in small accumula
tions of water, in which the miracidia, once introduced, cannot 
become widely dispersed." 

" To render an infection of the skin at all possible . . . the 
following conditions must be realized: An infected person must 
urinate (or defalcate) in a place where there is water, however small 
the quantity. The place must remain moist for some time, but not 
longer than thirty to forty hours. Within this period another 
person must bring some part of his skin for some time into actual 
contact with the moisture. If these conditions are fulfilled the 
miracidia have the possibility of getting from man to water and 
from water back to man; their life-cycle may be closed. 

" The infective power of moist places gradually decreases and is 
again nil at the end of one or two days even if they remain moist. 
A recent contamination must take place in order to render them 
infective again for a short period." 

"The moist places demanded for infection are to be found 
plentiful about town: in the streets there remain puddles for several 
days after each rain or for several hours after each watering; the 
courtyards of the houses also are often watered especially in the 
warm season. In many Arabic houses water-closets are an unknown 
institution or they are of the most primitive type. The calls of 
Nature are often obeyed in the streets, often er in the courtyards, 
especially for urinating. There is thus sufficient occasion for the 
ground to become over and over again populated with live miracidia: 
their short life is of no consequence. There only remains the host 
to supply the miracidia and another to take them up again." 

"Contaminated water loses its infective power again after 
having been protected from fresh contamination for one or 
two days." 

(1910.) [297J " Taking the [miracidium] infection by the way of 
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the skin as an established fact, the measures to adopt for preventing 
it are clearly given. First of all, infected persons should never 
evacuate urine or freces into water, for this is the only way in which 
the latter becomes populated with the dangerous germs. If any 
body of water can be shown to be safe from contamination, it must, 
as a matter of course, be left out of consideration as a source of 
infection. If water is likely to be, or is likely to have been, 
contaminated, it should not be used for bathing, washing, or working. 
in before about two days have passed. But even here a certain 
reasonable discrimination should be made. For in a large body 
of (standing or flowing) water, e.g., the Nile, any germs are soon so· 
much dispersed that the possibility of picking up one or another 
becomes very small and may be increased only by a very prolonged 
contact with the water. Dangerous in the first place are small 
bodies of standing water, both permanent and transitory, because 
in these the germs cannot disperse." 

In the last edition of Mense's "Handbuch der Tropenkrank
heiten" (1914) he claims :-

"Besteht die Haut infektion im Wirklichkeit (sie wird neuerdings 
von immer zahlreicheren Autoren als wabrscheinlichen bezeichnet) so· 
ist zu beachten, dass eine Auto·Reinfektion auch bei Wannenbadern 
mogleich erscheint, wenn der Badende unter sonst gunstigen Bedingungen 
(absichtlich oder unabsichtlich) Eier in des Wasser entieer." 

If cutaneous infection really occurs-latterly an ever increasing number of authors 
mention such an infection as probable-it is worthy of note that an to-reinfection 
appears to be possible also when taking baths indoors, supposing the bather, other 
conditions being favourable (either intentionally or unintentionally), voids the ova 
into the water. 

Blanchard's views on prophylaxis are expressed in the following 
passage from his" Traite de Zoologie Medicale" [34J, 1899:-

"L'infestation se fait par les eaux de boisson, soit qu'on ingere· 
l'hote intermediaire lui-meme, et alors il s'agirait d'un mollusque 
de petites dimensions, soit plutot qu'on avale la Cercaire nageant 
librement dans l'eau. " 

"On a suppose que le parasite penetrait dans l'organisme a. 
travers le peau et, par suite, on a interdit formallement les bains 
de riviere cette interdiction ne nous semble aucunement justifiee; . 

. encore que nous ignorions les phases ultimes du d6veloppement, 
il y a diserieuses raisons d'admettre que I'Helminthe penetre 
reellement par la voie que nous avons indiquee plus haut. C'est. 
done I'usage d'eau non filtree ou non bouillie qu'iI faut rigoureuse-
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ment proscrire dans les pays contamines; l'usage des bains est 
indifferent. " 

In 1908 in a brief note, "Le renvoir d'un Collegien atteint de 
Bilharziose est-il legitime?" in the Archives de Parasitologie, 
he wrote:-

" il serait donc tres utile de savoir ou le jeune homme 
habite ordinairement. queUe eau il boit ordinairement: 
eau d'une source vive, d'un puits ou d'une citerne? Y-a-til dans 
cette eau des mollusques ou coquillages et pe ut ou on obtenir des 
specimens? De dernier point est de le plus haute importance. 

La bilharziose n'est pas une maladie contagieuse. Il n'y a 
donc aucune raison pour refuser de garder au lycee un jeune 
homme qui en est atteint: il n'est aucunement dangereux pour 
ses camarades." 

Manson's opinion on prevention, as given in his "Tropical 
Diseases" [328] in 1905, is as follows:-

"Since analogy justifies the belief that the embryo of Bilharzia 
on obtaining access to fresh water enters a fresh-water animal and 
by it obtains access to another human host, it is evident that if 
the embryo be kept from getting into the water or if drinking 
water be boiled or filtered, the spread of the disease from man to 
man would be effectually prevented. In the endemic districts 
children in particular should be carefully and repeatedly warned 
against drinking the water of ponds and canals. Provided rein
fection be avoided by the exercise of prudence in the matter of 
drinking* water, there is no necessity for sending the patients with 
Bilharzia disease away from the country in which the parasite was 
acquired." 1 

In a popular lecture to the Rhodesia Scientific Association [330] 
in January, 1914, Sir Patrick Manson said, after briefly outlining 
the development of the liver-fluke: " In a similar way I believe the 
germ of Bilharzia disease, so common in this country, especially 
in young people and probably contracted in bathing in pools and 
rivers, is acquired and spread." 

INCIDENCE OF BILHARZIOSIS IN EGYPT. 

The published statistics of the incidence of Bilharziosis in Egypt 
have been based mainly upon hospitals records. Reliable statistics 
are notoriously difficult to obtain in Egypt, owing to the ignorance 

1 In the fifth edition (1914) the above paragraph is slightly changed by the addition 
of the words" or bathing in " after" repeatedly warned against drinking" and by the 
deletion of the word "drinking" marked by an asterisk". 
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22 Report of the Bilharzia Mission in Egypt, 1915 

and suspicion of the mass of the people and their deep-rooted 
objection to having their names or affairs set down in any paper 
or book that may form part of the Government archives. Such 
an ordinary chronic condition as Bilharziosis is frequently not 
thought worthy of mention in addition to any other disease the 
patient may wish treated or which may be the cause of death. 
There are certain beliefs, too, apparently considerably prevalent, 
which not infrequently account for concealment. Many cases, 
therefore, go entirely untreated and unrecognized. 

Griesinger [201] found 32 per cent of infections in 363 autopsies 
made in Cairo up to 1856. Sonsino [453] obtained 46 per cent from 
91 autopsies. In 1894 Kauffman [321] recorded from 500 autopsies 
that 369 males gave 40 per cent and 131 females gave lIt per cent, 
i.e., a general average of 33'3 per cent with Bilharzia. Ferguson 
[168J, in 1910, stated that his observations, based on considerably 
more than 1,000 post-mortem examinations at the Kasr Aini 
Hospital in Cairo, revealed the presence of this disease in no less 
than 40 per cent of Egyptian male subjects between 5 and 60 years 
of age. In 1905 Milton [346J showed that 930 patients were 
treated for Bilharzia as in- or out-patients at Kasr Aini Hospital 
during 1901. 

In 1910 Professor Madden [321] published the figures from the 
annual reports of the Rasr Aini Hospital for the three years 1907-09, 
showing a total number of admissions for medical and surgical 
diseases 11,698, of which 1,270, i.e., about 10 per cent, had Bilhar
ZIOSIS. These cases represent only persons" suffering from patho
logical destruction of kidneys, ureters, bladder, urethra, and rectum, 
produced by severe and repeated bilharzial infections." Madden 
adds, "the mortality from Bilharziosis per se or its immediate com
plications was just over ten per cent; but this hardly gives one 
even an approximate idea of the real mortality, as many cases, 
when they do not appear to be improving, are taken out of hospital 
to die at home; all such cases are entered as unrelieved, but had 
they been left in hospital many of them would certainly soon have 
been included in the mortality tables." Professor Ferguson found 
that of a series of five hundred autopsies on male subjects eight 
per cent of all cases died of the effects of severe bilharzial infection. 

In the course of the ankylostomiasis campaign during 1914-15 
MacCallum obtained for the first time some exact and detailed 
information regarding the local incidence of vesical Bilharziosis in 
the provinces of Qaliubia and Sharqia. These results have not yet 
been published, but Dr. MacCallum very generously communicated 
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his statistics to assist the present inquiry. In Qaliubia, of 700 
persons examined 44 per cent showed vesical Bilharziosis. In 
Sharqia, 66 per cent of the 1,089 patients attending the travelling 
hospital for ankylostomiasis at Minia el Qamh, and 70'9 per cent of 
832 attending at Bilbeis showed Bilharzia eggs in the urine. 

THE MOLLUSCA OF EGYPT. 

The fresh-water molluscs of Egypt have been studied by a 
number of malacologists, and have been well described and illus
trated, especially by Jickeli (1874) in "Fauna der Land und 
Siisswasser Mollusken Nord Ost Afrika's," by Bourgl1ignat in 
various papers from 1863 to 1883, by lnnes (1884) and PalIary 
(1909). The last writer, in his "Catalogue de la Faune Malaco
logique d'Egypte," summarizes very completely the work of pre
vious collectors. Pallary's list (excluding land forms) is given in 
the adjoining table and in parallel columns are indicated: (a) 
Those species previously described in the works of Jickeli in 
1879; (b) the species mentioned as having been examined as 
possible transmitters of Bilharzia in the writings of Lortet and 
Vialleton, Sonsino, and Looss, are marked respectively by the 
lettering. "V." "S." "L."; and (c) the forms collected and 
examined in the course of the present inquiry. It will be seen 
that of the fifty forms catalogued by Pallary, Lortet and ViaUeton 
mention only four, Sonsino specifies nine, and Looss eight. It 
will be noted that all the forms mentioned by Looss had been 
examined also by Lortet and by Sonsino. In the subjoining table 
is tabulated a complete list of the trematode larvre hitherto found 
in Egyptian molluscs. A comparison of the finds of Sonsino and 
Looss shows that each investigator met with developmental forms 
overlooked by the others, and that the investigations of the present 
inquiry revealed a still larger number of new forms. 

In the Natural History section of the magnificent" Description 
de l'Egypte" prepared by the authority of Napoleon during the 
French occupation in 1799-1801, eight of the commonest fresh
water molluscs are recorded ~nd beautifully illustrated. In three 
of these we have found undoubted Bilharzia larvre within half an 
hour's journey by tram and train from Cairo. 

These are extraordinary facts in the light of Professor Looss's 
repeated contention during the past twenty years that he had 
examined hundreds of specimens of all the molluscs occurring in 
the Nile Valley without finding any developmental form which 
might have been brought into relation with the Bilharzia worm. 
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24 Report of the Bilharzia Mission in Egypt, 1915 

As every digenetic trematode hitherto investigated has been found 
to undergo its larval metamorphosis in a mollusc, the deductions 
made by Looss from investigations ranging over such a restricted 
part of the molluscan fauna of Egypt are entirely unwarranted. 
The conclusion of Lortet and Sonsino, that their inquiries had 
failed to reveal the essential invertebrate intermediary, was much 
more reasonable. 

THE PRESENT INQUIRY. 

As the province of Qaliubia had been shown to be heavily 
infected with bilharziosis it was decided to make Cairo the head
quarters of the inquiry. It will be seen from fig. 1 that the province 
of Qaliub adjoins Cairo immediately to the north, lying between 
the eastern (Damietta) branch of the Nile on the west and the 
desert on the east, and is easily accessible by road and rail, being 
traversed by the highway and main line to Alexandria and their 
subsidiaries. At the request of Sir David Semple, Chief of the 
Public Health Department of Egypt, the vacant laboratories of the 
Professor of Parasitology in the School of Medicine in Cairo were 
kindly set apart for our use by the Director, and facilities for the 
keeping of experimental animals were provided at the Bacterio
logical Institute. The C.M.S. Hospital at Old Cairo constantly 
supplied fresh material for observation from their clinical cases. 
The programme of work laid down and consistently followed 
was:-

(a) To collect and specifically determine all the fresh-water 
molluscs in the selected endemic area, i.e., within half a day's 
journey from the laboratory in Cairo. 

(b) To dissect large numbers of all species found for trematode 
larvre. 

(c) To differentiate among the larvre found those showing the 
morphological characters peculiar to the bilharzia group. 

(d) To ascertain which, if any, species of mollusc showed 
chemiotactic attraction for Bilharzia miracidia. 

(e) To induce experimentally infection of animals brought from 
England with Bilharzia cercaria when found in the mollusc. 

(f) To ascertain experimentally whether infection took place 
through the skin or by the mouth or in both ways. 

(g) To ascertain experimentally the incubation period of the 
disease. 

(h) To determine experimentally on infected animals the efficacy 
of medicines, reputed to be of value on clinical grounds, to destroy 
the bilharzia worms in the portal system. 
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EGYPTIAN SPECIES OF MOLLUSCA. 

PaJlary, 1909 

(1) Succinea cleopatraJ 
(2) Physa acuta 
(3) Physa subopaca 
(4.) LimnaJa Oaillaudi 
(5) (var.) RajJrayi 
(6) Lin~naJa alexandrina (= natalensis) 
(7) LimnaJa truncatula 
(8) Limn!13a pharaonum 
(9) Bullinus brocchii .• 

(10) Bullinus Dybowski 
(11) (var.) alexandrina 
(12) Bullinus Innesi .. 
(13) Bullinus (Isodora) truncatus 
(14) Bullinus (Isodora) contortus 
(15) Bullinzts (Pyrgophysa) forskali 

(= Physa micropleura) 
(16) Planorbis (Menetus) boissyi 
(17) Planorbis (Menetus) alexandrinus 
(18) Planorbis (Menetus) poeteli 
(19) Planorbis (Menetus) Laurenti 
(20) Planorbis (Troptdiscus) philippi 
(21) Planorbis (Gyraulus) Ehrenbergi 
(22) Planorbis (Gyraulus) mareotiCltS 
(23) Planorbis (Segmentina) letourneuxi .. 
(24) Planorbis (Segmentina) angusta 
(25) Ancylus clessini .. 
(26) Ancylus Isseli 
(27) Ampullaria ovata .. 
(28) Ampullm·ia kordofana 
(29) Ampullaria lucida 
(30) Ampullaria exigua 
(31) Ampullaria vitrea 
(32) Lanistes bolteni (carinatus) 
(33) Vivipara unicolor 
(34) Vivipara biangulata 
(35) Oleopatra bulirnoides 
(36) Oleopatra vexillata 
(37) Cleopatra verreauxi 
(38) Cleopatra cyclostomoides 
(39) Bythinia goryi 
(40) Bythinia alexandrina 
(41) Bythinia letourneuxi 
(42) Bythinia pseudamnicola 
(43) Bythinia subbadiella 
(44) Bythinia (Gabbia) sennaarica 
(45) Hydrobia erythraJa 
(46) Hydrobia stagnalis 
(47) Hydrobia (?) schweinfurthi 
(48) Melania tuberculata 
(49) Valvata nilotica 
(50) Neritina nilotica .. 

Jickeli, 
1874 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
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26 Report of the Bilharzia Mission in Egypt, 1915 

(i) To observe the conditions favourable and inimical to the life 
of the free-swimming cercaria and the effect thereon of acid solutions 
and other medicinal substances. 

(j) To study the bionomics of the special molluscan inter
mediary, if obtained, for facts upon which prophylactic measures 
could be formulated. 

An examination of the banks of the Nile to the south of and 
around Gezireh, an island opposite Cairo, showed that, excluding 
bivalves, there were very few living forms in the main stream. 
Similar results followed from an examination of the Ismailia 
Canal at Mataria, north of Cairo, and of the Giza Canal, on the 
western bank of the Nile. 

A study of a map of the environs of Cairo showed that there 
was a large number of collections of water in the Zoological and 
Botanical Gardens at Giza. With the permission of the Director, 
Major Flower, these ponds were exhaustively examined and were 
found to contain nearly all the described species of molluscs, with 
one or two notable exceptions. With material from this source 
a type collection of molluscs was made so that specimens brought 
in later from infected areas could be rapidly compared and 
determined. 

In the report of the ankylostomiasis campaign in Qaliubia it 
was noted that a small travelling hospital had been stationed at the 
village Qalama, thirteen miles north of Cairo and near the main 
road to Alexandria (fig. 1). Of ninety-five inhabitants of this village, 
forty-three had been found to harbour bilharzia. This small village 
seemed, therefore, at first sight, a suitable place in which to make 
an intensive study of the local molluscan fauna. It proved, how
ever, more difficult of access than had been anticipated. There 
was, too, a very large pond or birket which could not be thoroughly 
examined. Finally, as will be noted from the map, the canal out
skirting the village had passed through a number of other villages 
after it took off from the main stream. Infection acquired in 
Qalama might well have been due to infective larvffi carried on from 
a higher part of the canal, and not actually derived from molluscs 
at Qalama itself. It was consequently decided to seek a more 
suitable village, if possible (a) of easy access, (b) without a birket, 
and (0) on a small canal coming almost directly off one of the main 
supply canals. 

EL MARG AND THE MARG CANAL. 

In the meantime, the Arab who had been for many years 
attendant in the Department of Parasitology had volunteered to 
bring snails from a place where he had been in the habit of 
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R. T. Leiper 27 

FIG. I.-Cairo and the outlying villages. 
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FIG. 2.-El Marg and the Marg Canal. 
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collecting them for the purposes of the class in zoology. His finds 
were both nnmerous and varied, and it was decided to prospect this 
collecting ground. It proved to be at his own village, El Marg, 
some nine miles north of Cairo, just beyond the popular and rapidly 
extending northern suburb of Cairo on the Zeitun-Mataria line. 
There was a good half-hourly train service, the village lay alongside 
the rail way line and was an agricultural centre, being surrounded 

FIG. S.-Ohildren from Ma.rg ~illagc collecting wu~cr {or domestio usc. 

by cotton fields and date palm groves. There was no birket, the 
only watcr supply to the surrounding fields was a small tertiary 
canal which traversed tbe village and derived its supply from tbe 
main Ismailia Canal a few miles distant, not far from its origin 
from the Nile. The vilh'ge has a population of less than 
5,000 '1lld its inhabitants are mainly occupied in cultivating tbe 
surrounding land. 

As will be seen from fig. 1, El Marg is situated in the centre 
of a cultivated plain, roughly triangular in shape, having as its base 
the Ismailia ' fresh water canal which runs north trom Cairo, a.nd 
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limited on tbe other two sides by desert. ,Frolll tbe irrigation 
standpoint this triangle forms a small nnit, tbe incoming water 
being drawn from the Ismaili" Canal, mainly by the secondary 
Taufiqin. Canal, which can be seen running eastward north of 
Mataria through Ez-eI-Nakhl, where it is crossed by the railway 
from Cairo to El Khanka, and passing on tbrough El Birka. The 
water from tbis canal and its subsidiaries, such as tbe El lVIal'g' 
Canal, after irrigating tbe land, drains into tbe large Bilbeis 

Fm. 4.-Women washiDg garments: in :i\:farg cana.l. 

drrun, which runs northward irom El Birka past El Qalag to 
Bilheis, and is indicated on tbe map (fig, 1) by a broken line, 
The E[ Marg Canal takes off from tbe 'l'aufiqia Canal near 
Ez-el-N o.kbl station, and tbe flow is hcre coutrolled by an iron 
regulator. For about a mile the canal runs northwards parallel 
to the ra.ilwa.y line, and on either bank there is a much freqnented 
footpath. Just before thc Marg railway station is reached, the 
canal passes under tbe line. At and above tbis point are tbe 
favourite spots from wbich tbe women and children calTY water 
daily into the village for domestic use (fig, 3). After piercing 
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F IG. 5.-The ca.na.l ski rt ing the village be~wecn the railway station and the cafes. 

FIG. 6.-Marg bridge, crossing the cann.l from the station. 
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FIG. 7.-The canal forming 0. shallow pool in the villo.ge squa.re. 

FIG. 8.-Marg canal running northwards through the villa-ge. 
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}I'H.i. 9.-The ~Iarg Canal tra.versing the date palm grove. 

FIG. lO.-Marg Canal entering the cotton fields north of the vilJage. 
3 
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the railway embankment the canal continnes alongside the line 
for about one hundred yards. 'l'bis reach is luuch frequented by 
women for the purpose of washing clothes (fig. 4) . The canal 
now skirts the houses, shops and cafes which frontl the railway 
station, and is open to constant contamination (fig. G). A short 
wooden bridge crosses the canal at the station (fig. G). Here the 
stream bends towards the ceutre of the village and forms a wide 

FIG. H. - A cul-de-sa.c in ])t:u.rg ClllJul dry during the" rotations," 

shallow pool (fig. 7). Turning nortbwards again between two rows 
of houses, and with paths 0 11 either bank (fig. 8), it laces through 
a date-palm grove (fig. 9) and reacbes the open country, where it 
rapidly diminisbes (fig. 10) !1nd ultim!1tely divides into a numher of 
small canals supplying the indiviaual fielas. 

INCIDENCE OF BILHARZIOSIS IN MAllG. 

In the bistorical section reference was made to tbe frequent 
occurrence of bilharziosis among the French troops during tbe 
inv!1sioll of Egypt in 1799-1801, and it is of interest tbat the little 
villalio Marli was the site of one of the battles in 179(). 
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No statistics of the occurrence of bilharzia in this village were 
obtainable. A rapid examination of the urine of fifty-four boys in 
two of th e village schools showed bilharzia eggs in forty-nine cases. 
The determinations were completed within an hour, and the positive 
results based upon single drops of freshly passed urine taken without 
either sedimentation or preliminary use of the centrifuge. Most of 
the boys were under 12 years of age, and had been born and reared 

F rc:. 12.- Ma.rg Canal almost dry during no summor rotation. 

I II the village. It seemed reasonable to suppose that the bilharzia 
infection was derived from th e Marg Canal, with its terminal 
branches and subsidiary agricultural drains around the village. It 
was decided, therefore, to make a com plete census of all fresh
water molluscs in thi s the sole possible source of iufection. 

THE iVl o LLUSCA al" MARG. 

A fortunate circumstance enabled ns to make practically certain 
that no species living on or in the muddy bottom of the canal was 
overlooked. During the SUlllmer months the water coming from 
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36 Report oj the Bilharzia Mission in Egypt, 1915 

the main canal is entirely controlled by the Government, and is sup
plied on a definite rota of six days' flow, succeeded by fifteen days' 
stoppage, in every three weeks. This rotation began early in April. 
During the fifteen days' stoppage the water entirely disappeared 
from the Marg Canal (fig. 11), save where inequalities left small 
puddles (fig. 12), and we were able to collect stranded shells through
out its length from the drying surface and to recover by sieving 
those forms that had succeeded in burrowing for some distance into 
the mud. The species found were: Melania tuberculata, Vivipara 
unicolor, Cleopatra bulimoides, C. cyclostomoides, Bullinus dybowski, 
B. alexandrinus, B. contort~ls, B. innesi, Pyrgophysa forskali, 
Lanistes bolteni, Planorbis boissyi, P. mareoticus, Limna3a Caillaudi, 
Bythinia (Gabbia) sennaarica, Valvata nilotica and some bivalves. 

The commonest species were PlanOTbis boissyi, Bullinus and 
CleopatTa, spp., the two first-mentioned being the most obvious 
forms on account of their habit of seeking the surface for air. 

TECHNIQUE. 

The various molluscs, wherever and whenever collected, were 
separated into their different genera and, as far as possible, species, 
and examined for developmental stages: (a) by direct inspection, 
(b) by dissection. When an infected mollusc is kept in a glass 
vessel in clean water for a few days the cercarial forms are 
frequently discharged naturally by the mollusc, and may be easily 
seen swimming about in the water if the glass is held against 
the light and examined with a hand lens. By this method large 
numbers of the same species can be placed together in a vessel 
and tested without further technique. If, however, the larval 
development has not yet reached the stage for the discharge of 
the cercaria the results are apt to be misleading. Should a 
positive result be noted, the cercaria can be determined by micro
scopical examination and the infected mollusc isolated and kept 
.alive for further observation. By dissection the earlier stages 
(sporocyst, redia, and immature cercaria) are obtained. The 
method has the disadvantage that the mollusc is necessarily killed 
in the course of the dissection and cannot be used for further work. 
The technique is simple though tedious when large numbers are 
involved. The shell, when hard and calcareous as in Cleopatra and 
Melania, is crushed with lion forceps, placed on a slide in a drop of 
water or weak formalin and the mass then torn apart with two 
.dissecting needles. With the thin-shelled forms like Planorbis it 
suffices to fix the shell by piercing the. central whorl with one 
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R. T. Leiper 37 

needle and to cut outwards with the second. In our experience 
the spear-shaped steel points issued for use on gramophone records 
when fixed in needle-holders are far more satisfactory than ordinary 
dissecting needles for this work. With them a large window can 
be quickly cut in the hardest shells and the molluscan body rapidly 
dragged out complete. The liver, which occupies the upper or 
central whorls of the gastropod shell, is the usual site of election 
for the developmental stages of trematodes. But a detailed 
examination of the mollusc is practically never necessary for the 
determination of an infection. With the first tear, as a rule, the 
characteristic bodies flood out in numbers into the surrounding 
plasma and water, while further search may be made under a low 
power by squashing the whole molluscan body slightly between 
two slides. In this way over 3,300 samples were minutely examined 
in the course of the inquiry. As shown in the appended list, 
seventeen species of Trematode larvre were identified during these 
dissections. A number of new species were found also. 

LIST OF TREMATODE LARVlE IDENTIFIED IN EGYPTIAN MOLLUSCS. 

lIfolluscan host Name onana Somolino Looss Leiper 
1892 1896 1915 

Cleopatra (1) Gastrodiscus aJgyptiacus + + 
(2) Cercaria distomatosa + + + 
(3) Cercaria vivax + + + 
(4) Cercaria exigua + + 
(5) Cercaria microcotyla + + 
(6) Cercaria capsularia + + 
(7) Cercaria cristata + + 

Limnrea (S) Cercaria obscura + + 
Bullinus (9)' Cercaria pigmentata + + + 

(10) Cercaria agilis + + 
(11) Cercaria jissicauda + + 

B. (Pyrgophysa) (12) Cercaria pigmentata + + -;-
Melania (13) Cercaria pleurolophocerca + + + 

(14) Cercaria cellulosa + + 
(15) Cercariamonostomiverrucosuin - + + 
(16) Cercaria microcristata + + 
(17) Cercaria microcotyla + + 

Vivipara (18) Cercariapusilla + + 
Lanistes (19) Cercaria sp. ? ? + 

RECOGNITION OF BILHARZIA CERCARIA. 

The adult bilharzia worm resembles the other distome trema
todes in possessing well-developed oral and ventral suckers, but differs 
in two remarkable ways: the sexes are separate, and there is an 
absence of a definite muscular pharyngeal bulb at the commencemen t 
of the oosophagus (fig. 21). As in all parasitic worms the infective 
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38 Report of the Bilharzia Mission in Egypt, 1915 

stage shows no sexual differentiation, consequently the absence of 
phary~x in the cercaria (fig. 19) is the one reliable character upon 
which a bilharzia cercaria can be distinguished from the cercarire from 
other distomes, because the body of the cercaria without further 
metamorphosis grows to become the body of the adult worm. 
All cercaria have a motile tail at the posterior end. This 
appendage is a purely larval structure both morphologically and 
functionally. It serves the definite object of enabling the cercaria. 
body to tra.vel from the intermediate host to some favourable 
position where it can gain entrance to the final host. The tail is 
always shed before the actual arrival of the cercaria in the tissues 
of its host. Various cercaria exhibit different types of caudal 
appendage. In the four bilharzia cercaria that have come under 
the notice of the writer the tail was forked at its free end. This 
peculiarity, however, is shared with some other widely different 
forms among the distomes. It will be shown in the latter part of 
this report that four distinct sub-groups of bifid-tailed cercaria 
occur in the mollusc a of Egypt. 

ATTRACTION OF MOLLUSCA FOR BILHARZIA MIRACIDIA. 

Looss states that none of the Egyptian mollusca exhibited the 
slightest attraction for the freshly hatched miracidia of bilharzia. 
Most of the species submitted to experiment by us were entirely 
ignored by the miracidia. A definite attraction, however, was 
exhibited by the following: Planorbis boissyi, Bullinus sp. (1), 
Pyrgophysa forskali, and Limncea truncatula. The attraction was 
stronger in young specimens. This plurality of susceptible forms 
appeared to indicate the possibility of a plurality of intermediate 
hosts or the susceptibility of the Bilharzia hcematobia miracidia to 
the intermediate hosts of other species of bilharzia, or merely, as 
seemed probable in Limnma truncatula, to a peculiar adhesiveness 
of the mucus covering the exposed portion of the mollusc body. 

It may be noted here that not a single specimen of Limnma 
truncatula could be found in or around Marg. 

MARGMOLLUSCS FOUND INFECTED WITH BILHARZIA. 

Large numbers of snails collected from the Marg Canal through
out its course, but more especially within the village, were infected 
with larval forms showing the morphological peCUliarities of the 
bilharzia group. The infected shells were readily obtained at spots 
daily frequented, such as the praying ground at the embankment 

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-25-01-01 on 1 July 1915. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


R. '1'. Leiper 39 

crossing (fig. 11), in front of tbe cafes (fig . 5), and at a bend in the 
canal specially used for washing, whicb is illustrated in fig. 10. 

The same species of mollusc "vas quite comrnon at SOlne 
distance from the village in the agricultural drains away from foot
paths, but was not infected . Nearer the village, however, and 
especially where crossed by public paths, these drains contained 
infected snails (fi g. 13). So fa1' the molluscan intermed iary has 

FIG. 13.- A typical ngricultur:ll drain on the outl>ki rts of :Ua.rS. containing infcct.c<l 
snails. 

not he en found in birkets, but it occurs not uncommonly in large 
marshes such as that, lying to the south-west of Ismai lia, which is 
illustrated in fig. 14. 

Once a hifid-tailed cercaria has been placed in the bilharzia 
group on account of tbe ahsence of pbaryngeal bulb, further 
determination of its systematic position can only be effectively 
establisbed in tbe first instance by experimental infection of a 
susceptible bost and the subsequent examination of the adult worm 
resu lting therefl'om. 
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40 Report of the Bilharzia M~ission in Egypt, 1915. 

A'ITEMP'fS TO INFECT ANIMALS EXPEIUMEKTALI.r. 

Three cercariro 01 bilharzi al type were fOllnd in fOllr different 
speciEs of molluscs. The first form met with differed considerably 
from the other two, more especially in possessing a pair of black 
pigment spots just anterior to the vellLral sucker, and a delicate but 
\vell-defined cuticulal' expansion on each slde of the two prongs of 
the bifid tail. Thi s form was found exactly five weeks ",fter tbe 

FIG. 14.-·l\Tarsh, near Kosti Yilla.ge, souch·west of l smailio... 

commencement of our search, ancl occurred i~ Plan01'b'is 11Ul1'coticlts 
collected from the ponds in the ZooiogicoJ Gardens at Giza. Appa· , 
l'entl y identical cercarim were found latel' at Giza and Suez in 
lIfelam'a, tuberculata, and at Ismailia in Planorbis boissyi. The 
second bilharzia cercaria occurred in large numbers in Planorbis 
boissyi at ]];1 Marg, and was found later in similar canals between 
lnshas and Dilbeis in the Shargia province. A very few cereariro, 
apparently identical ·with this, \vere recovered on one occasion only 
fronl a Mel(tnia tuverculata in the Zoological Gardens. A third 
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cercaria. which on morphological grounds was only provisionall y 
c1isiingujsbed {rmu that occurring ill Pla71orb'is boissyi, was n.lso found 
a.t 1\:Iarg ill a certain number of opecillleu::; or nuUinlts (fig. 15, .'\ ) . 

At ~Iarg the Planorbis boissyi (fig. 15, D) were 80 comtuonly 
infected with non-eyed Bilharzia cC /'CCil'ia that half-an-hour's 
collecting sufficed to ensure a hlrge supply of active larvm. An ex
ten<l co series of experinlel.lts was instituted to determine the specific 
chftrftctcr of these forms. 

Three species of Bilha1":~i((, 'VOCll.l1:) are snpposed to occur ill 

Egypt: In mall the Scl,is{oso1nC( /ucmaiouiu'IIL (both varieties), in 
cattle tbe S. bovis, and in ouch tbe Bililcu'ziclla polonica . As 
hifid-tailed cercari", with eye spots have been found, though not 
identified, in snails both in Central Europe and in North Arnerica , 
aud as Lhis cerca.ria departed somewhat rroUl the t\'~'o other forIll s, 
it sccmcii a reasonable conjecture that this cercaria was the larval 

A " 
FIC. l 5.-A, BuUimus C01"tort!t~; .ll, .i-'lan(".bi.~ boissyi. 

stage of an avia.n Bilharzia. and that the two relll!1iuing and similar 
cercarim probably attained their maturity in the two known manl~ 
malian hosts. Attempts were made to verify this conjecture 
experimentally. In order to exclude possible fallacies it was 
essential to infect ducklings immedi"tely after hatching and before 
t hey bad come in contact with other tban filtered water_ These 
were obtainable in Cairo. 

One was struck by the apparent enti l\\ absence of rats in 
the banks of the canals and ill tbe fi elds. The authorities 
at the Giza Zoological Gardens stated that the common water
vole does not occur in Egypt. A prolessional rat-catcher was 
cornmissioned to obtain rats and iield-lUiee frOITl around" l\iarg. 
His search proved quite fruitless. It was possible that this 
extraordinary absence of rodents wight he cluc to a susceptibility 
to Bilharzia disease. 

'l'he animals frequenting thc canal at Marg were man, cattle, 
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42 Report of the Bilharzia Mission in Egypt, 1915 

sheep, dogs (possibly rats), geese, ducks, chickens, and crows. 
Man and cattle were the most obvious sources of contamina
tion of the canal water, and as each was a known host of species of 
Bilharzia, the probabilities were that cercaria normally developed 
in them. 

Attempts to infect a calf and a lamb by allowing water heavily 
charged with the living cercaria to remain in the hollows of the 
groin for periods of ten to thirty minutes on several days gave 
entirely negative results at the post-mortems some weeks later. 
It was noted, however, in the case of the lamb, that the skin, 
where repeatedly exposed to infection, became markedly red. 

A series of experiments was then made on mice, rats, geese, 
ducks, chickens, crows, and wagtails. The experiments on the birds 
proved entirely negative. 

A positive result became apparent by June 13 in a young white 
rat, which had been infe"cted on May 4. A black mouse which had 
been infected on May 2 died on June 24 with a number of Bilharzia 
Worms in the liver and mesenteric veins. 

In these early successful infections the mice and rats died from 
the occlusion of the portal system before the Bilharzia worms 
had reached sexual maturity. A comparative study of mature 
specimens of Schistosoma bovis and S. hcematobium showed that 
these two species are so closely allied that, when experimentally 
reared in an abnormal host, a differential diagnosis could only be 
made with certainty upon the characters of the fully grown worms, 
and especially upon those of the egg shell. Further experiments 
were made. In those animals which survived for seven to eight 
weel{s, female worms were found containing the characteristic 
eggs (fig. 20). This placed the diagnosis beyond question. 

The animals used were variegated mice and white rats brought 
from London and fed solely on oats and filtered water. They had 
been kept in the laboratory under conditions entirely precluding the 
possibility of unobserved infection. 

ANIMALS FOUND SUSCEPTIBLE TO INFECTION. 

In addition to tame white rats and variegated mice, the Egyptian 
desert rat, obtained from the neighbourhood of the Pyramids, was 
found to be susceptible to experimental infection, while guinea-pigs 
were peculiarly so. Mangaby monkeys died of acute bilharziosis 
within two months of infection. Experiments were not made on dogs 
owing to the quarantine difficulties that would have arisen on our 
return to England. At the conclusion of its field work the Mission 
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FIG. 16. 

Edge or li\'er of In (')u!;e e;xp~rimen t,,'lJy ill lceteu with bilharzia. 

Fw. 17. 

Mesentery of mOW,f! cxp~ rimentaUy infected with biJba.rzia. 

To illu;;lmLc "Ropor t ou the Results of the Bilharzia )Ii.'!sion in E gypt., Wl:6, " lJy 
Temporary Lie uten:1nt·CulOll ol 'RODIl:UT '1', LE1PETt, D.Se., 111.13., H. .A.M.C. 
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JOURNAL OF 'rH'" ROYAL ARMY MEDICAL CQIWS. JULY, 1$ll5. 

P IG. 18. 

Sec~jon of liver of white rat experimentally iufect-c o. with bi lha rzi a showing 
\'d u,; Llookcd by worms. 

To illusi.r.'l.te" Heport on Lhc Rosults of the Bilhar7.i3. 1\·1i fl-flion ill Egypt, 1915," by 
Tempor:\ry Lieutenaut·Colonet ROBERT T. LEIPEH, I) .Hc ., !\LB., RA.i\T.C. 
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brought back from Egypt four mice, twenty-six white rats, sixteen 
desert rats, two guinea-pigs, and four mangaby monkeys, which 
had been submitted to infection shortly before departure. When 
examined shortly after their arrival in England all these animals 
had enormous numbers of bilharzia worms in the portal system. 

EFFECT OF WEAK ACID AND ALKALI ON LIVING MIRACIDIA 

AND CERCARIA. 

The theory that Bilharzia infection takes place through the skin 
was put forward by various South African writers from Harley to 
Brock, because in their clinical experience infection was found to 
follow repeatedly upon bathing in heavily contaminated waters. 
Looss, on the other hand, adopted the view because weak acids 
were found to kill the miracidium and consequently this, his 
hypothetical infective agent, could not survive in the stomach 
when taken in drinking water. The favourable action of weak 
alkalis and the destructive effect of dilute acids on all cilia is one 
of the recognized exercises in practical physiology. That alkalis 
and acids should have a similar effect on the ciliated body of the 
miracidium may be regarded therefore as a foregone conclusion. 
It does not necessarily follow, however, that the same result 
would obtain in the case of cercaria which are covered with 
a cuticular skin. Experiments were undertaken therefore to 
ascertain exact information on this point. Looss and others have 
shown that miracidia are killed immediately by a dilution of 1 in 
2,000 of hydrochloric acid. Cercariffi withstand hydrochloric acid 
1 in 880 for five minutes; 1 in 500 kills Bilharzia cercaria. 
immediately. The acidity of the stomach would therefore inhibit 
these cercaria. This does not exclude the possibility, however, 
that infection may take place through the mouth. The ankylos
tomes and strongyloides infect through the mouth as well as through 
the skin. Fiilleborn has recently shown that when the strongy
loides are taken in by the mouth they do not pass on directly in the 
lumen of the gut into the small intestine, but penetrate the wall 
and, gaining the blood-stream, follow the circuitous route through 
the lungs up the trachea and then pass for a second time down 
the oosophagus through the stomach to the small intestine. 

MODE OF ENTRY OF BILHARZIA INTO THE BODY. 

That something similar to this might occur in Bilharzia was 
suggested by a simple observation on the habits of the Bilharzia 
cercaria. These cercaria progress by swimming mainly through the 
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activity of. their tails or by creeping by means of their' well-developed 
suckers. When actively swimming cercaria are poured from one 
dish into another it is very noticeable that they immediately fix 
themselves firmly by means of their ventral suckers to the surface 
of the vessel into which they are carried until the motion of the 
water has ceased, when swimming is again resumed. It seemed, 
therefore, quite possible that if heavily infected water was 'drunk, 
the cercaria, coming into momentary contact, might similarly 
adhere to the mucous membrane of the mouth, tongue and ooso
phagus and at once proceed to penetrate into the tissues. 'l'hat 
this actually can take place is apparently borne out by the follow
ing experiment. Four sooty monkeys which had been taken out 
with the Mission in January and kept in separate cages in the 
laboratory until the experiment was completed, were subjected to 
infection with Bilharzia cercaria. In three cases the infected water 
was poured into the bottom of the cages and the monkeys were 
consequently exposed to infection through the skin of the hands, 
feet, buttocks and tail. The fourth monkey was fed for a day or 
two on dry food only, and then allowed to drink from a cup con
taining food and water swarming with Bilharzia cercaria. Some 
effect, probably a prickly sensation, was produced almost imme
diately, for the monkey began to pull down the lower lip, to rub 
the mucous membrane of the mouth, and in other ways to indicate 
that the drink had not been pleasurable, After a second experience 
on the following day the monkey refused to accept water out of a 
cup although thirsty. The four monkeys eventually died and all 
showed a heavy infection with Bilharzia. The Illonkey infected 
from drinking water showed earlier and much more intense 
symptoms than the others. This experiment showed that in 
Bilharzia infection may be both oral and cutaneous. As in ankylos
tomiasis there is little doubt, however, that the infection enters 
through the skin in the bulk of cases. 

As Brock [67J has pointed out, the chances of infection are much 
greater in bathing than in drinking, because under the former 
circuHlstances a much larger quantity of· water comes into contact 
with the body. 

INCUBATION PERIOD OF THE DISEASE. 

The incubation period of Bilharzia has been variously estimated 
by different writers. Sonsino gives from two to three years. 
Sandwith considers that it ranges from three to six months. 

Hatch [222J in 1887 wrote: "The time between the contraction 
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• TOCRNAT, OF TH" ROYAL AJUIY ~T"mCAL COUPS. 

S'm. 20. 

Fig. 19. - Cercar ia o[ Billmf:>.i.1. used in cx.pcrimflnt. x 200. 

JnN, 1915 . 

If 
J 

.P IG. 1'J. 

ll'jg. 2U.-Adull female taken from porta,l vein of 1ll0U~C, experimentally infected 
luOUSC, x 18 (circa). 

F'ig. 21.-AuLcl'ior portion of adulL male taken from the srunc source. x 18 (eirca). 

'1'0 illustrate" Report on the Result,'; of tbe Dilhllrzia }Ii::;sion in }~gypt, 1915," by 
Tl'lnpnrnry LiculeJliloll L-Colo nel RO.uJiU'l' T. LETl'En, D.8e., 1113., R.A.M.U. 
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of the disease and the passage of blood and other symptoms may 
be very short; one patient, who stayed at an hotel at Suez for 
fourteen days, suffering from them a month after his return to 
Bombay." More extensive observations were made during the 
South African War. Beveridge [24] gives the following valuable 
table in the JOURNAL OF THE ROYAL ARMY MEDICAL CORPS for 
1907 :-

Date of Date of report- Interval 
Case Age Service arrival in ing sick with between arrival Remarks year South Africa Bilharzia ova and reporting 

ill the urine sick 
----_._------------ --

1 20 1 9.11.02 1.2.03 12 weeks 
2 20 1 9.11.02 17.2.03 14 

" 3 20 1 9.1102 6.2.03 4 months 
4 21 1 9.11.02 19.3.03 4 

" 5 20 1 9.11.02 20.3.03 4 
" 6 23 3 9.11.02 6.7.03 7 
" 

Gives a history 0 

4 months' dura 
tion. 

7 16 1 4.12.02 19.6.03 6~ " 
Gives a history 0 

3days'duration. 

In the same year Dr. Stock [475J wrote: "The time which 
elapses between its entrance a.nd the onset of symptoms seems to be 
settled from the observations of Dr. Abercrombie. During the time 
that the regiment was at Pretoria several young drafts were sent 
out direct from England and all in due course b:1thed in the spruit, 
and as a result several cases occurred in young soldiers whose 
residence in the country had not been more than two months. 
The shortest period observed was one month, and the longest 
two months." 

A similar incubation period occurred in the monkeys infected by 
us experimentally. Monkey No. 1, infected by immersion on June 15, 
17, 24, and July 11, passed bilharzia eggs on August 4 and died on 
August 18. Monkey No. 2, immersed on June 17, 20, 23, and 
July 11, passed blood and mucus containing bilharzia eggs on 
July 30 and died August 9. Monkey No. 3, immersed June 17, 
20, 23, and July 11, showed bilharzia ova in the wall of the large 
intestine after death on August 2. Monkey No. 4 drank infected 
water June 24, and on other occasions, including July 11, passed 
schistosome eggs and blood on August 4 and died of acute 
bilharziosis on August 8. 

OCCURRENCE OF BILHARZIOSIS IN LARGE TOWNS. 

There is one argument brought forward in his numerous papers 
by Professor Looss which seems at first sight to lend real support 
to his view that the mollusc is not required for the bilharzia 
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worm; that is, the accepted occurrence of bilharzia infection alllong 
children born and bred in large towns such as Cairo, where there is 
a filtered water supply. 

Looss states that 33 pet· cent. of th c boys attending a school in 
Cairo showed bilharzia eggs in the uriue, and in 1908 Mrs. Elgood 
[158] showed that out of lorty girls aged 12 to III in a middle-class 
school in Cairo, 11 (i.e., 27'5 por cent) were infected. 'l'hcse girls 
with one exception had lived all their lives in Cairo. None hl1d 
ever bathed in the Nile or a canal, nOr had any ever rnn abollt 

F IG. 22.-Courtyard of Department of PhYRic.'ll Science, Cuiro, showiug supply o{ 
unftltered water pumped direot frow the Nile. 

b"re-Iegged in fi eld s or country rouds. The general water supply 
in Cairo is the same for natives as fot' Europeans, is of high qUrLlity 
and is supplied from the filters of the Cairo \Vater Compan y. 
These facts have been repeatedly used by the supporters of the 
Looss hypothesis, and certainly if correct cou ld sCl1rcely be other
wise explained. 

After some inquiry the following lacts came to light, which 
seemed to afford" simple and adequate reply to tbis objection. III 
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addition to the series of pipes supplying Cairo with filtered water, 
it appears that there is a second system carrying to the numerous 
gardens of Cairo un filtered water drawn direct from the Nile in the 
neighbourhood of the Rasr Nil bridge. a spot where, in recent years, 
numbers of European troops have, while bathing, become infected 
shortly after their arrival in Egypt. It is well known that the 
children, even of the better-class Egyptians, are allowed to run about 
in the privacy of their own courtyards in a state of semi-nudity 
during the summer months, and are thus continually exposed to the 
risk of infection from the hose used in the garden or stable. The 
lower classes probably derive their infection from the same source, 
although under different circumstances. To them water is a dear 
commodity in Cairo. There is no free supply. In the poorer 
quarters one frequently sees water being hawked about in large 
skins, and there is the standing inducement to the middleman to 
increase his margin of profit by arranging to draw his stock, 
possibly surreptitiously through a friendly gardener, from the un
filtered supply for which the water companies make a lower charge. 
At Ismailia there is a dual supply of filtered and unfiltered water 
into the houses, the latter being laid on to the bathroom and kitchen 
and supplied at a lower rate. A standard pipe from the unfiltered 
supply in Cairo is shown in fig. 22 from a photograph taken in the 
courtyard of one of the Government offices. 

OONCLUSIONS 
BASED ON 

THE Laoss 
HYPOTHESIS. 

CONCLUSIONS CONTRASTED. 

(1) All transient collections of water, such as 
those resulting from occasional showers of rain, 
road waterings and domestic waste, are dangerous 
if freshly contaminated. 

(2) Large bodies of water, such as the Nile, canals, marshes 
and birkets, are little liable to be infective. 

(3) All water in a given area would automatically become safe 
in'thirty hours if the native infected population were removed. 

'(4) Infected troops would be liable to reinfect themselves, to 
spread the disease among other troops, and to convey the disease to 
any part of the world. 

(5) Infection only takes place through the skin. 
(6) Infection in towns is due to contact with recently con

taminated moist earth or water. 
(7) Eradication depends upon education and complete sanitary 

control throughout the country. The sustained co-operation of the 
affected individual is essential. 
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CONCLUSIONS (1) Transient collections of water are quite safe 
after recent contamination. BASED ON THE 

RESULTS OF 

THE PRESENT 
INQUIRY. 

(2) All permanent collections of water, such 
as the Nile, canals, marshes and birkets, are 
potentially dangerous, depending upon the pres

ence of the essential intermediary host. 
(3) The removal of infected persons from a given area would 

have no effect, at least for some months, in reducing the liability 
to infection, as the intermediate hosts discharge infective agents 
for a prolonged period. 

(4) Infected troops cannot reinfect themselves or spread the 
disease directly to others. They could only convey the disease 
to those parts of the world where a local mollusc could efficiently 
act as carrier. 

(5) Infection actually takes place both by the mouth and 
through the skin. Recently contaminated moist earth or water 
IS not infective. 

(6) Infection in towns is acquired from un filtered water which 
IS still supplied, even in Cairo, in addition to filtered water, and 
is delivered by a separate system of pipes. 

(7) Eradication can be effected without the co-operation of 
infected individuals by destroying the molluscan intermediaries. 

(To be continued.) 
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