
42 

'rHE ANATOMY AND LIFE-HISTORY OF A GCHYLO
STOMA 1. DUODENALE (DUBINI).2 BY PROFESSOR A. 
LOOSS, PH.D. 

ABSTRACT by MAJOR S. L. CUMMINS. 
Royal Army Medical Corps. 

IN this book the author deals very fully not only with the 
life-history of this parasite, but also with the literature existing on 
the subject, much of which he subjects to expert criticism from the 
point of view of the biologist; and he makes his remarks much 
more intelligible to the average medical man by an excellent 
preliminary section dealing with the comparative anatomy, 
classification, and development of the nematodes. 

It would be impossible to give an adequate account of this 
notable work in the space at our disposal, but Professor Looss calls 
attention to the difficulties which await the medical man who 
desires to work at the prevention or even make a diagnosis of 
ankylostomiasis with no better guide than a text-book on tropical 
medicine, and it seems worth while to attempt a summary of 
portions at least of this volume. Officers desiring to consult the 
original can obtain a copy on application to the Director, Egyptian 
School of Medicine, Cairo. 

The fact that the Ankylostoma duodena le in various stages of 
its development presents points of resemblance to the corresponding 
stages of other nematodes has given rise to many errors, several of 
which are discussed by Looss in the present volume; much of the 

.. confusion seems owing to the fact that the text-books, while paying 
as much attention as space will permit to A. duodenale itself, give 
no account of allied worms parasitic in animals other tha~ man or 

1 Agchylostoma duodenale. This spelling is the form under which the name 
was originally published by Dubini in 1838, and was adopted by Looss in the first 
part of his work in compliance with a proposition made by Stiles, to the effect 
that the original spelling of any scientific name should be preserved by subse
quent authors. Looss now writes me that he retained Agchylostoma in the 
second part of his· work for uniformity's sake, but has since then received 
numerous declarations· from various helminthologists and biologists saying that 
they will never adopt this spelling on account of its obvious incorrectness. 
Under these circumstances, he finds it advisable to return to the familiar form 
Ankylostoma, which, though not latinized, yet represents the correct translitera
tion of the component Greek words &''Yl<iJAOS and <J'T6p.u. 

2 Volume IV. qf the" Records of the School of Medicine, Cairo." 
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S. L. Cummins 43 

living free in nature. Looss's work, with its clear exposition on the 
subject of the nematodes, should go far towards making good this 
defect in medico-helminthologicalliterature. 

The recognition of A. duodena le from Necator. americanus should 
not be difficult if the following points be remembered. 

Naked-eye Appearances.-Ankylostoma appears to have approxi
mately the same diameter from end to end, the male being only 
slightly thinner than the female. In Necator the head-end is so much 
narrowed as to appear almost pointed and the male is altogether 
decidedly thinner than the female. The dorsal curvature of the 
anterior end is much more pronounced in Necator than in Ankylo
stoma. Pinally, copulating pairs when seen, as after vermifuges or 
in post-mortem examinations, show the well-known Y-shaped 
figure; but in A nkylostoma the male-almost equalling the female 
in thickness-is attached to the body of the latter behind the mid41e,. 
while in Necator the decidedly thinner male is attached in front 
of the middle, due to the different relative positions of the genital 
aperture in the females of the two species. 

The principal microscopic differences have been summarized 
elsewhere, and need not be repeated here. A. duodenale probably 
only affects man, but N. americanus is less specific in its demands 
on its hosts, as it is found both in man and in the gorilla (not yet 
in the chimpanzee). 

SUMMARY OF LIFE-HISTORY. 

Before discussing the life-history it is well to call attention to 
a confusion in terminology emphasized by Looss. The word 
" embryo" should only be applied to stages taking place inside the 
egg-shell, while after the egg-shell is quitted the immature organism 
is and should be called a larva. Bearing this in mind, it may be 
said that the whole individual life of the A. duodenale falls, like 
that of other nematodes, into six stages, the embryonic, the four 
larval periods separated by ecdyses, and the adult stage. 

The sexually mature adult worms make their habitat in the 
human intestine, and here the females produce eggs which are 
passed in the fmces of the host. 

The chief characteristics !=If the eggs are supplied by their shell, 
which is: (1) Almost cylindrical in shape with bluntly rounded 
poles; (2) quite colourless; and (3) so thin that under medium 
enlargements it appears as a single line. Their content, originally 
represented by the rounded egg-cell, does not advance much in 
development while in the human bowel, so that it is rare to find 
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44 Anatomy and Life-history of Agchy lostoma duodenale 

the egg-cell divided into more than four or eight parts in the fresh 
falces; this fact may help in diagnosis, the eggs of Oxyuris vermi
cularis having, as a rule, reached the tadpole stage when the 
falces are deposited .. The latter are also characterized by a sharp 
double outline and a vent rally flattened shell. The development 
of the eggs now continues outside the host, the egg-cell division 
going forward until the morula stage is reached, which passes in 
turn into the tadpole stage, in which the body begins to show the 
primordia of its future organs, and sluggish movements are to be 
observed. Finally, when the embryo has attained about four times 
the length of the shell the granules which rendered its body opaque 
in the early stages disappear, and the mature embryo is recognizable 
by its clear glistening appearance. 

The shell now bursts and the embryo becomes a free larva, 
about 0'25 mm. in length by 0'017 mm. in thickness. The 
thickening of the fore-part of the body is marked in young larval 
and represents a last survival of the embryonic tadpole form. The 
head-end is fairly blunt, while the tail tapers from the anus to its 
extremely fine tip in an almost uniform manner, this latter being 
an essential feature of the Ankylostoma larva. The most character
istic feature, however, is the sharply outlined buccal cavity of a long 
cylindrical shape and with a slight widening at its posterior end; 
another important character being the small genital primordia. 

For a complete description of the young larva, the original work 
must be consulted.'rhe digestive apparatus, being essential for the 
organism, is well developed, the mouth aperture leading. into the 
cylindrical buccal cavity, and the cesophagus displaying the rhabditi
form type, hut with.the three sections not nearly so sharply marked 
off from one another as in the Rhabditidm, a point which helps in 
differentiating between the young Ankylostoma larva and those of 
Strongyloides stercoralis or of the free-living nematodes. The chyle
intestine, with its well-known zigzag lumen, follows the cesophagus. 
The anus is situated just where the body begins to slope off into 
the tail. As the larva feeds and grows its early transparency is 
lost as granules of nutritive matter are stored in its cells. The 
zigzag appearance of the intestines is gradually lost and this organ 
assumes the aspect of a thick granular strand traversing the body
cavity in a straight line. The skin, too, begins to show the changes 
which lead to the first ecdysis, being raised a little from its 
substratum and its inner surface being ringed far more sharply 
than the outer. 

Finally, the skin is completely loosened and a distinct new skin 
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S. L. Oummins 45 

appears under the old. The larva is now ready to undergo its first 
moult or ecdysis. 

During this "first larval period" the organism grows con
siderably, the increase in size being most marked in the part of 
thE;l body corresponding to the chyle-intestine. . 

The extent to which this is the case is shown by the fact that 
the oosophagus, in the youngest larva, corresponds to almost half 
the distance between the tip of the head and the anus, but at the 
end of the first larval period only corresponds to one-third of this 
distance. The total length of the larva now averages 0'353 mm. 

The first ecdysis now takes place. The old skin, hitherto 
serving as an effective protection to the larva, becomes permeable 
by the fluid of the surrounding medium, and separates from the 
underlying new integument by absorption of water from without. 
The larva, after protracted efforts, finally breaks through the old 
skin and escapes from it, thus completing its· moult, and entering 
upon the" :second larval stage." 

The principal external character by which the second stage may 
be recognized is that the lateral lines, formerly projecting as a 
single keen free edge on either side, now form distinct bands, 
each with two parallel margins raised a little above the general 
surface of the skin along the whole lengt4 of the body. This 
feature can be recognized only under very high magnification. 
During further growth, no far-reaching internal changes occur at 
first; but the already existing parts become more sharply separated. 
When the larva has attained a length of about 0'5 mm. fresh 
changes make their appearance in it which represent the prepara
tion for the second ecdysis. The first and characteristic sign of 
the approaching moult is the closure of the mouth. While hitherto 
this was always found gaping, and in profile showed about the 
same breadth as the mouth cavity which follows it, its borders now 
collapse and show in optical longitudinal section as a simple line. 
The musculature of the body increases in thickness and its 
striations become discernible. The oosophagus lengthens, its 
division into three parts becomes less marked, and the oosophageal 
valves of the bulb are difficult to see at this stage. During 
these changes the skin becomes separated from the body and a 
new one formed beneath it, just as in the first ecdysis. When the 
old skin has become lifted from its substratum, the tail begins to 
contract, becoming also somewhat thicker, so that finally the tip 
of the new tail comes to lie almost in the middle of the old. ' 

When the old skin has completely separated from the body, 
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46 Anatomy and Life-history of :Agchylostoma dllodenale 

the former linings of the mouth-cavity and rectum are found adher
ing to it. At first it lies rather closely around the body, but 
gradually the space between the two skins increases owing to a 
shrinkage of the larva. "With the completion of these changes, 
the larva has reached the conclusion of its development in the 
open," and now is not only ready to begin its parasitic life at 
any moment, but mllst become parasitic in order to develop 
further. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 

1 to H.-Stages in development of the embryo of Agchylostoma duodenale. x 310. 

The mature larva may be recognized not only by its envelope 
of old skin, or " sheath," as it has been called, but also by the fact 
that its movements, formerly chiefly confined to lateral flexures, 
now assume a serpentine character with active progression, pro
vided that the organism can find a point d' appui. Thus, 
although the larvffi sink in water for want of the resistance that 
would enable them to move forward, they glide rapidly out of 
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·.ggl.c.lat. 

17 

s. L. Oummins. 

Ex. 

G.B. 

15 

IS 
X 310. 

15.-Fresbly hatched larva. 
16.-End of first larval stage (the first ecdysis). 
17.-" Mature" larva. 

16 

1S.-Mature larva shedding its" sheath" (old skin). 
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48 Anatomy and Life-history of Agchylostoma duodenale 

the field of the microscope if the preparation is under a cover
glass. 

This power of movement, together with the closure of the 
mouth which marks the end of the feeding period of the free larva, 
makes the organism independent of the frecal mass in which it 
has hitherto grown and capable of wandering in search of the host 
that is necessary to its further development. The nourishment 
stored up in its body-cells suffices for long periods of waiting, 
should a host not become available at once. If now the mud or 
fluid containing such mature larvre comes in contact with the skin 
of a human being, the larvre at once proceed to enter the skin 
either through hair follicles or at any point where a roughness 
offers the resistance that is needful to evoke the serpentine and 
boring movements already mentioned. For the same reason a 
suspension of the larvre in mud is much more favourable to their 
entry through the skin than suspension in water. As the larvre 
bore into the skin, they leave their "sheaths," or old skins, behind 
them on the surface, thus completing their second moult. Forcing 
their way into the subcutaneous areolar tissue, they gain entrance 
to lymph-spaces or small veins, and are carried into the blood
stream, and, finally, by way of the right side of the heart, to the 
lungs, where they make their escape from the blood-vessels and 
enter the alveoli. Thence they ascend the bronchioles until, 
travelling by way of the bronchi, trachea and larynx, they make 
theIr way to the cesophagus of their host, are swallowed into the 
stomach, and pass on into the small intestine. During this transit 
from the lungs through the air-passages, the larvre feed and grow, 
traces of a provisional mouth capsule and a loosening of the skin 
preparatory for the third ecdysis already being visible in some of 
those that have reached the upper areas of the trachea. The third 
ecdysis takes place on reaching the intestine, and here further 
growth leads up to the fourth ecdysis, which leaves the organism 
in the definitive shape in which it reaches sexual maturity after 
about a week's time. 

As a commentary on the above brief history of the worm it 
may be noted that it is impossible to contract the disease through 
ingestion of the ova or of the immature larvre, so that contamina
tion of food or drink by the fresh freces of a patient is not a means 
of infection in ankylostomiasis. 

It should also be borne in mind that the adult worms present 
in the bowel cannot exceed in number the larvre that originally 
penetrated the skin; so that, unless fresh infection takes place, 
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S. L. Oummins 49 

the duration of the attack is limited to the time of survival of the 
worms, probably about five years. 

'1'he larvm m"Nst be mattlre before they can set up the disease. 
This greatly narrows down the chances of oral infection, but Looss 
is careful to point out that infection through the mouth can and 
does occur. It is obvious, however, that it is an exceptional and 
fortuitous occurrence, and, that the dermal route is the normal one 
for the A. duodenale and N. americanus. 

We may now turn to the diagnosis of ankylostomiasis by the 
discovery of eggs in the fffices. It is usually quite easy to find 
these, but difficulty may arise where there is much bulky particulate 
matter in the fmces which prevents the making of sufficiently thin 
preparations. In this case, Looss recommends the following plan: 
" A small quantity of the fmces is placed on the right hand side of 
a slide and there diluted with the necessary amount of water, with
out, however, being spread out much. Then the foreign bodies 
are pushed to the right with a needle, except one small particle 
the thickness of which corresponds to the thickness of the prepara
tion desired. 

If a cover-glass is now placed so that its edge rests precisely on 
this isolated particle, the liquid present, together with the eggs, 
will be drawn under the cover-glass, while the coarser constituents 
will be kept back. In this way, a preparation both thin and free 
from large particles will be obtained, in which the eggs are easily 
found on its being examined with a low power and a partially 
closed diaphragm or with the condenser racked down so as to bring 
up the outlines of the objects in the fluid. 

Again, where the eggs are few and a rapid search is desired, n' 

modification of a method first proposed by Giles has been found 
very convenient. It consists in rubbing down a particle of fmcal 
matter in a drop or two of a concentrated aqueous solution of 
methyl-green, spreading it in a thin film and observing it with
out a cover-glass under full light. Any eggs present appear as 
regularly outlined white dots against the dark outline of the 
stained mass. 

Search for Adult Worms.-To find the adult worm in fmces, 
after the administration of an anthelmintic, the following procedure 
is advised:-

The vessel containing the fmces is placed beneath the tap 
and water allowed to flow in a strong current into it, so as to 
mechanically break up the fmcal matter as much as possible. 
When the vessel is full, the tap is turned off and the contents 

4 
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50 Anatomy and Life.,history of Agchylostoma duodenale 

~allowed to settle, so that all the heavier constituents, with any 
worms present, sink to the bottom. Three minutes are quite 
.sufficient for this purpose. The turbid fluid is now poured off 

FIG. 19.-Mouth capsule of Agchylostorna duodenale. 

FIG. 20.-Mouth capsule of NecatoT amcTicanus. 

by a slow and uniform inclination of the vessel, until the sediment 
is about to escape with it. The vessel is now filled again 
with water, sedimented, and the fluid. poured off as before. The 
process is repeated until the fluid comes off quite clear, when the 
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S. L. OUmrni118 51 

sediment is poured into one or more large flat glass dishes and 
examined against a dark ground. This method will also serve 
excellently for the discovery of detached tape-worm heads, or 

FIG. 21.-Bursa of Agchylostoma duodenale. 

FIG. 22.-Necator amel·icanus. 

for the search after small worms, such as Oxyuris (males), 
TrichostTOngylns, or even S. stercoralis, a lens being used to 
supplement the sight. 
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52 Anatomy and Life-history ofAgchylostoma duodenale 

If it is desired to make cultures of the larval from falces 
containing ova, the following points should be remembered :-

(1) Air is necessary for the development of the larval. 
(2) Marked putrefaction brings about the death of the larval. 

To obtain access of air, the falces should be spread thinly on the 
bottom of a shallow glass vessel, and to prevent putrefaction it 
is well to mix them with chaTcoal; black bone charcoal, finely 
powdered, free from coarse grains and not markedly acid in reaction, 
is particularly suitable for this purpose. A mixture of about 
equal parts of charcoal and falces answers best. If the latter is 
hard, water must be added. A consistency similar to that of 
butter or lard at room temperature may be aimed at. 

To extract the larval· after development, water may be poured 
on the surface of the slightly dried culture mass, left in contact 
for a few minutes, and then poured off, when it will be found to 
contain larval; or a portion of the culture mixture may be placed 
on the surface of several plies of dry linen, which are then tied 
up round the mass, and lowered into water in a jar. After a few 
minutes the larVal swarm out through the linen bag and sink to 
the bottom of the water. The methods succeed best at tempera
tures between 18° and 25° C. 

PRESERVATION OF SPECIMENS. 

Adult WOTms.-The worms should be added to the preservative 
while still alive. The best specimens are obtained from post
mortem examinations, but good ones can also be had ·from stools 
passed after exhibition of a vermifuge, provided the worms are 
collected at once on the stool being passed. 

The worms require thorough washing before being preserved, 
as, under intestinal or falcal conditions, they are usually enveloped 
in mucus, inte~tinal contents, &c., which render thorough examina
tion difficult or impossible, especially when remaining within the 
mouth capsule or between the lobes of the bursa. For this purpose 
the worms, as they are collected, are dropped into a test-tube 
containing salt solution, and then, the tube having been closed 
by the application of the thumb, are thoroughly shaken. Very 
thorough shaking is needed to free the mouth parts from adherent 
intestinal epithelium and the bursa from intestinal contents. 

The live worms will stand this without injury, but dead worms 
are likely to break up in the process. The worms are now allowed 
to sink to the bottom, the turbid fluid poured off, and the worms 
washed with clean salt solution. 
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s. L. Oummins 53 

The best preservative is 70 per cent alcohol, warmed until the 
first bubbles begin to rise: if allowed to boil briskly it tends to 
make the worms brittle, so the heating must stop short of this 
point. In the hot alcohol the worms are instantly killed and fixed 
in an extended position. They can be kept for years in 70 per 
cent alcohol. 

For mounting and examination, the specimens should be cleared, 
and this is best done in glycerine. 

If, however, the worms were transferred directly from alcohol 
to pure glycerine, shrivelling would result, so it is better to transfer 
them to a mixture of 100 parts of 70 per cent alcohol with 5 parts 
of glycerine, placing the vessel containing them at 50° to 55° C. At 
this temperature the alcohol gradually evaporates and the worms 
are finally left in pure glycerine. 

A similar process may be employed for preserving the eggs, 
but the falces containing them should be first washed and 
sedimented as recommended by Stiles. 

We cannot end better than by quoting briefly the author's 
account of the three important genera, Ankylostoma, Necator and 
Uncinaria. As members of the Order Strongyles, all possess, in 
the male sex, a bursa, and as members of the family of the Ankylo
stomidce, a horny mouth capsule with its aperture pointing dorsally. 
The three genera may be dIvided into two sub-families. 

I. Sub-family Ankylostomince. 

More or less funnel-shaped mouth capsule, its walls on the 
ventrarl side, especially towards the anterior edge, provided on each 
side with two longitudinal thickenings projecting outwards like 
ridges. Floor of the mouth cavity with one pair of inner ventral 
teeth. Aperture of dorsal ffisophageal gland situated in the wall of 
the mouth capsule. Bursa of the male closed all round. Only the 
terminal part of dorsal ray is cleft. The course of the genital tubes 
chiefly longitudinal. Parasites of carnivora; one species is a 
parasite of man. 

Type Genus. Genus Ankylostoma. 

At the ventral edge of mouth-capsule strong hooks, the tips of 
which are bent backward. The lateral lobes of the bursa are 
broader than they are long. The genital tubes run in the mam 
longitudinally, but secondarily form strong transverse folds. 
Inhabitants of warm or moderate climates. 
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54 Anatomy and Life-history oJAgcbylostoma duodenale 

Species. 

(1) Type Species. Ankylostoma duodenale (Dub.), male about 
9 mm. ; female about 12 mm. long. Edge of mouth-capsule with 
two hooks on each side, the outer one always slightly larger than 
the inner, which latter carries on its inner side a small accessory 
tooth. Lateral lobes of bursa considerably broader than long. 
Rays of medium thickness. Only observed in man. 

(2) Ankylostoma caninum (Ercolani). 
Male about llto 12 mm., female 15 to 16 mm. Edge of mouth

capsule with three teeth on each side. 'rrhe lateral lobes of the 
bursa about as broad as long; the rays remarkably slender. 

Observed in Canidce and Felidce. 
(3) Ankylostoma malayanu1n (Alessandrini). 
(4) Ankylostoma ceylanicum n. sp. 
(5) Ankylostoma pluridentatum (Alessandrini). 

Genus Uncinaria. 

Mouth-capsule lengthened out, and distinctly funnel-shaped. 
No hooks at anterior edge. In their place, plates with cutting 
edges, springing ,from the sides towards each other, and more or 
less covering the ventral half of the oral aperture. Bursa well 
developed, lateral lobes longer than broad. The genital tubes, in 
their longitudinal course form only a few secondary transverse 
coils. Parasites of carnivora. 

Species. 
(1) Uncinaria C1·inijormis (Rud.). 
(2) Uncinaria polaris n. sp. 

H. Sub-family Bunostomince. 
Mouth-capsule almost spherical, small, and its ventral wall 

without ridge-like tbickenings. Inner ventral teeth as in the 
Ankylostomince. The aperture of the dorsal cesophageal gland 
lies on the. tip of a cone wbicb springs freely from the dorsal half 
of the floor of tbe mouth-capsule into the cavity. The base of. the 
cone is clasped by other tooth-like plates projecting freely from 
the sides into the lumen. Bursa of the male closed all round; tbe 
dorsal ray split to near its root. 

Type Genus. Necator (Stiles). 

Mouth-capsule small, aperture narrowed anteriorly by cutting 
plates similar to those of Uncinaria. On each side oftbe cone of 
dorsal cesophageal gland, one tooth-like plate with smooth edges. 
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S. L. Oummins 55 

Coils of the genital tubes numerous and close. Externo-dorsal ray 
thin, especialJy at root. Spicula of the male barbed at the end. 

(1) Type Species. Necatoramericanus (Stiles). 

Male about 8 mm. Inner ventral teeth of mouth-capsule rather 
large, and projecting far into the lumen. Cutting plates of mouth 
with angular free edges. Lateral lobes of the bursa about as broad 
as they are long, rays of medium thickness. 

('2) Necator exilidens n. sp.! 

CONCLUSION. 

In concluding this brief extract of what can only be described 
as a monumental work, we must express our gratitude to Professor 
Looss for so clearly placing at our disposal in one volume the 
evidence for and against the several vexed questions that still exist 
on the subject of Ankylostoma duodenale, or that existed prior to 
the publication of this work; for the reader will, we think, be 
inclined to regard them as now finally settled. The theory of 
heterogenesis of Ankylostoma duodena le is completely disposed of, 
the author showing most conclusively that the evidence adduced in 
its favour was founded on observations of nematodes other than the 
worm in question. 

The very full and thorough chapters on "ground itch" are 
exceedingly interesting and convincing. The book is full of close 
and philosophic thinking, and the trenchant style of the author 
makes it delightful reading even apart from the great interest of 
the subject. Our thanks are due to the Director of the Egyptian 
School of Medicine for his kind permission to reproduce some of 
the illustrations from Volume IV. of the Records, and to Professor 
Looss for his great kindness in reading through and revising this 
summary of his work. 

1 NE;W name for" Necator africanu8" 40055, which, according to Stiles, was 
pre()ccupied by Necator africanu8 Harrison, 191Q (N. americanu8 Stiles, 1902 
renamed), 
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