
Preface. 

Then a'boy, T. used to observe that in certain parts - 

of my native country i.e. _ravancore many people 

suffered from anaemia. -ut L could not than connect this 

circumstance* that in those parts my country was damp ,nd 

covered with thick vegetation and that the atmosphere - 

was markedly warm and moist .á.s a whole. 7hen I had -- 

occasion to travel , observed that on the Jorsmandel 
v 

coast of ouch India', the phenomenon of anaemia was not 

so marked as in my own country. I did not think there 

was any connection between this circumstance and the -- 

dry soil and warm and dry atmosphere of the orol and4.l - 

coast where vegetation is generally sparse and does not 

attain to much development. C was half inclined to put 

down the anaemia as a racial instead of a local peculiar- . 

ity. hater on, while attending the . edical College, 

ladras, :oath India, came for the first time to learn 

that medical men were coaling to think that cdrtain - - -- 

diseases,,peculiar to the tropics and that they would 

occur in' the temperate zone only if the tropical 

conditions of climate and other incidental circumstances 

were fulfilled. T well remember what an effect this -- 

knowledge' produced on my mind. I very much wished to - 

take a special course in 'Tropical diseases. :his - - -- 

wish remained' unfulfilled for several years till -- 
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1 proceeded to UUdinburgh and took the degree of ;achelor 

of medicine. At that time, T took a special course in - 

Tropical diseases. I followed up this subject by 

proceeding to Ondon and attending the school of 

Tropical medicine in that city. On -the completion of -- 

my studies, I returned to my own University and took the 

Diploma in Tropical medicine and Hygiene. Tropical - 

diseases, have, since that time, had great attraction for 

me and my special studies have been of use to me in 

practice in my own country. T have chosen ".:nkylos 

tomiasis in Travancore" as the subject for mythesis as -- 

this disease has affected a great number of people in many 

parts of Travancore. 

K. R. Tampi. 
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Introduction. 

During the past decade tropical diseases have - -- 

coma to occupy a prominent place in the field of medicine 

:.t one time, the classification of diseases on a climatic 

basis was not considered to be of any value. =hit ;:raduL1 

ly it cage to be recognised that there were certain - - -- 

diseases peculiar to the tropics and which only occurred 

in temperate climates when the requisite condition as -- 

regards temperature was accidentally satisfied.Certain - 

diseasesas Scarlet fever, were found only in temperate- 

climates, while several diseases as syphilis cancer tuber_ . 

culosis were found in all climates. Lissasse produced 

by parasitic worms are essentially tropical, as eggs of 

the worms will hatch only when a high degree of warmth - 

and moisture are available. h.at diseases caused by - 

worms are extremely common in India, is borne out by the 

fact that nearly 75 °' of its inhabitants suffer from worm- 

infection. the various forms of worm infection, the 

most important, on account of its severity and the great 

economic-consequences, is ä.n*OSi,oïlli'c'tsls. In jeylon, - 

the mortality from it, has been estimated to be gredter 

than that from cholera (Vide Ankylostomkse' in 1;rouardel- 

et _ ilbart nouveau _:raitede r_Zedici n.;6- 19,.;6 l7). 

'ravancore is an agricl:tiltuai country. eologically, 

many portions of .'ravancore, were originally under the - 

sea. 
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As a result there are many marshes and sandy areas in -- 

different parts of the country. he country is covered 

by luxuriant vegetation. he conditions are favourable 

to the spread of ankylostomiasis. s the main feature 

of ankylostomiasis, is anaemia, it may be well cla,63d- 

under the great group of anaemias. he two recognised- 

groups of anaemia found in temperate climates, are 

chlorosis and IDernicious anaemia. ._hey are not 

considered of much importance ,owing to their comparative 

rarity. in the tropics, anaemia is very common. - Of - 

the forms of anaemia, that produced by worms, is the 

commonest. Among the worms which produce anaemia in 

the tropics, the most important is the ankylostoma 

duodehales. 

That is ankylostomiasis? 



AnksTlostom.ia.sis in Travancore. 

Definition of Ankylostomiasis. A wasting disease which 

comes on imperceptibly,cliaracterised by digestive,nervous 

and circulatory disturbarces,in the latter ease,being -- 

accompanied by anaemia and palpitation and pain over the 

region of the heart. 

It is found usually it labourers in warm climates - 

who work in dirty soil and who are not clean in their -- -- 

habits. The disease is due to the entrance of the Ankylos- 

- toma or Tecator into the duodenum and j ej unum. and the - 

subsequent formation of toxic products b7 them which be -- 

- come absorbed into the blood of the host,giiring rise to 

characteristic sy.ptoms. 

If the disease be allowed to progress unchecked, it 

may end fatali n On the other hand, it can be overcame in 

most cases by efficient treatment. Scrupulous personal 

cleanliness ensures protection from the disease. 

Synonyms. 

"Agchylostorniasis", "Tunnel anaemia", Miner's anaemia, 

"Ceylon anaemia", "Uncirariasis", "Hook-Worm disease", - 

"Negro Consumption", Dirt-eating disease, Dochrniasis, "Ca- 
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achexie Jhlorosisn, X1ìU13 des--- 

pays chauds", '.:ropical Chlorosisn, . al de coeur", 

ni ald'--.stamoe", "aus-a cf egroes", sufra', pilicao, - 

tuntunc. 

History. 

he disease was probably known in ancient 1gypt. 

In the medical papyrus supposed to be written about 155, 

the worm causing the disease was called "lieltu", 

and the disease was called ,.-. 1. i1S 1)apyrus was 

translated into Lerman by Professor Ebers at '.ihebes in. - 

1873. he symptcms of the disease as mentioned in the 

papyrus were heart-weakness, palpitation and stabbing 

cardiac pain, constipation, Oedema of legs, and a sen---- 

cation. of heaviness ii t]Le body, along with diestive 

troubles. Dr. '::astellani thinks that the disease was - 

probably reconised in ancient India as "Pandu 1-:.;a", 

mentioned in the "77arita "Pandu T7,0a" was - 

supposed to be causad by eating clay. In the ancient - 

7indu medical sanscrit work called "shtanri:a 

the symptoms of Pandu J.oga are given as puffiness of 

face, gret weakness of body, palpitation, singing in the 

ears, profound anaem.ia, alonL; with digestive troubles. 

Tt is also stated that the 

1. Castellani and Chalmers Thflual of Tropical ] edicine 

second edition page 9. 

2. and with's medical diseases of .,]yypt '11. .1. 
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the wr:Is are dischared throug tne faces (vide apTendix 

on :_Andu medicine) To ylake mrself certain. that "pandu-- 

7.c)ga and 'AnkIlLstoniasbds" were the SafIfte, I devised an - 

experiment. Tn the course of my investigation of the-- 

diseasak T. once asked a doctor who had no knowledge of - 

Thglish, but who was well versed in .Aindu edicine, to -- 

show me by way of identift:Qion a few of his .patients W.11( 

were suffering from"I'andu ,c)a).' I examined them, and no 

only did T find Lnkylostana ova in their f4es, but they- 

preSanted the typical clinical -13icture of ankylostomiasis 

am therefore certain that the disease has been 

recognised in Ancient India. 

In the Hew Torld, a fatal disease, the cause of 

which was not known, was described by many writers. In. 

1648, Piso descrtbed a disease "Oppilatio'(or 4pilacaoi 

in his }Astoria . .edica sympto:As 

described point to the disease a s having been anAtostaiAis. 

2h3 3L.-:13 disease was described by :Labat in :uadeloupe --- 

in 1742. 'evalier found it in Jt. I.cminique in 17b2. 

)esportes also found it there in 1770. In 178G, Eayon 

described it as having occurred at :7ayenne. In 1796, Thqt-ar 

found it in ;:amica, and in the sac:!e year, .odschield found it 

in .J-ritish Gtiana, In 179, yron .rds aain described it 
as occurring in Famica. A.tt found it in 1808 in the :nited 
states. :oreau de Jones found it again at .uaudeloue in 
1816. Jhabert gave a very good account of the disease in 



 

in 1821. In that 3ear,rastelrau found it in. Peru. Jo'bin 

found it in Brazil in 1835. Clarke found it in West Af- 

Tri ca in 18 3. In Furope, in 1786,a peculiar anaemia was 

noticed among uiners,first in Hungary and then in France 

Belgium,German r and Cornwall. Dubini in 1868 discovered 

that the disease was due to a worm which he named A.gchy- 

i o s t OLïR ( cX. r iE Z,4.. ) J.J' c .,. q d L l7 /OC , ` tti ) 

Pruner found the parasite in Egypt in 1846, Bilharz -- 

found the worm it nearly all the post -mortem examina__ -_ 

-tions he made in 7g7pt,. In. 1P51 ,rriesinger showed that- 

this worm was the cause of Fc' $ ian anaemia. He further - 

discovered that the worm caused wounds in the mucous --- 

membrane of the eírali intestine. In_ 1866,Wi,,,,cherer found 

the disease in Bahia and called it Opilicao. In 1867,--. - 

(reset and Morestier discovered it at Mayotte. They - - -- 

thought that this worm was the cause of watery cachexia 

or nausea of Negroes. In 1871 , De' i io L & Savagra@ dis- - 

- covered the worm in most of the cases of tropical anae- 

-°wia. In 1872,Rodriguez de Moure stated that ankylostoma 

caused intertropical hypohaemia. In 1878,Grassi found - 

ova of ankv? ostoia in the stools mostly of anaemic work- 

-men. In 1880, there was a virulent outbreak of anaemia 

in St .Gothard' s tunnel. Perroncito proved that the anae - 

-mia was caused by ankylostome. He also gave a full ac- 
-count 

3- 



account of the disease. In 1881,Binz found that an sylos- 

toma was the cause of miner's anaemia at Scherienitz. In 

1898 ,Looss found that the mode of infection was by the f 

skin,the lungs 2, trachea. Later, Sam'non, Pulleborn and 

r.Sc'ni1].ing Torgauu_ found that there was another route of 

infection: viz. from the fangs through the blood stream 

into the alimentary canal. 

In 1899,Ashford noted that losi.nophilia was well 

marked in this disease. In 1902,Stiles described Necator 

Americana,Poycott and Haldane in the sane year,found the 

disease in the aines of Cornwall. 

Geographical distribution. 

In Europe,ankylostomiasis has been found in the -- 

North of Italy, Sicily ,Sardinia,(ermany,Spain,7e1 ium and 

Netherlands and parts of France. It has not Aret been - -- 

found above a latitude of 52 -N. Even in countries such - 
o 

as England which is about Latitude 47 N,it occurs only- 

in mines where there is sufficient warmth for the deve -- 

--lapinent of the parasites. In Asia,the disease has been 

found in Japan,Pornep,the I-ialay Archipeiago,Ceylon and 

several parts of India. In India, ±he disease has been - 

found in Calcutta,lower Pengal,Assam,Purma,Cochin and 

Travancore. In America, it has been found in Southern 



Southern United States,Mexico, Cet tra1 %mer "ica, Guiana,7e-- 

-nezuela,Prazil,Folivia,Peru and Porto Rico. In Porto -- 

Rico,287,58 cases were treated between 1904 -1910. In - 
3 

Africa, the disease is very corimon, especially in Upper 

and Lower Egypt. 

TTariations of the disease according to climate. 

It has already been noticed that the disease does 
0 

not appear aloti.e Latitude 52 -N. In temperate climates -- 

the disease is found to occur only in persons who work - 

in the mines. As the parasite requires warmth for its de-- 

-velopment ,its virulence is greatly diminished in a cold 

climate. 7oyeott,wh0 has thoroughly investigated the oc- 

currence of Ankylostomiasi s in English Mines, i s of opi - 

-nion that in England the infection is limited to about- - 

6000(Six thousand)miners. Of these,not one has died of 
3. 

pure ankylostomiasis. This conclusively proves that the 

disease does not assume there so serious a form as it - -- 

does in the tropics. Recovery from the disease is also - 

comparatively easy in temperate of imates,as, once the -_, 

worms are thoroughly expelled, the chan ce s of re- infection 

are far less than in the tropics. The chief tropical -- 

countries in which the disease is found,are Egzrpt,India -- 

and Ceylon. In_ India,the parasite has beer estimated to -- 

3. Boycott's Milroy lecture or ankylostorla infection --- 

(Lar_cet, 25th.March 1911.) 
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to occur in nearly 75 % of the population. In Ceylon, the 

1fortality from ankylostomiasis has been said to be great- 

- er thar that from Cholera. 

Spread of the disease it Travancore and factors which -- 

help it. 

In Travancore, the disease is widespread. It is viore 

abundant in the TTorth than in the South. It has been found 

as the result of careful examination of anaemic patients 

in different parts of the country that the disease has a 

tendency to attack persons living in sandy areas. The tem- 

- perature of the soil is favourable to the development -- 

of the eggs of the parasite. 

Another factor which helps the spread of the di - - -- 

-sease,is the method of disposal of the faeces. There is 

no proper scrst em of collecting and disposing of night - 

soil. 

In towns,there are Cesspits in which the parasite 

can thrive. 

In villages, especially in sandy areas, the 1nha' i- - 

-ta.nts squat themselves on the ground for purposes of de- 

- foecation_. The faeces are left exposed to the sun and 

there getting thoroughly Ciried,become converted into fine 

powder. The latter is easily blovn from one place to an- 

4. Ankylostomose in Rroraardel et Gilbert 1ToujTeap.- Trait s' 
de Medecine 1906/17. 
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another by violent winds which are very common. Again, the 

bulk of the inhabitants devote themselves to agriculture. 

They work in the fields bare-footed, thus giving great - -- 

facility for the entrance of the parasite. vegetables - 

form an important part of their dietary. There are vari- 

-ous possibilities of contamination of vegetables,for 

example, using infected earth as manure and watering with 

water in which there has been faecal contamination. 

There is yet another factor to be taken into ac- - -- 

-count. Food is eaten with the help of the fingers. It is 

not at all unusual for those who work in 

thesoiçsl,to 

eat 

their food with do rtir fingers a ..L +Ut16..- CiCaiv.. 

Varieties of parasite. 

In lnd a, till recently, only two kinds of ankylos- 

tomes were known to infect man,viz- Ankylostoma duodenale 

and Necator Americanus. Of these ,ankylosto , duodenale -- 

i is a purely human parasite,while Necator Americanus has - 

been found to infect gorilla as well as man. In the In_ ---- 

-dian Medical Gazette for June 1913,Laj or Lane Calls at -- 

-Mention to a third variety of anxylostome which he found 

infecting a few prisoners in Rerharnpore gaol. Out of a -- 

batch of thirty prisoners examined for ankyl o stoma , in the 

stools of three,he found Ankylostoma Ceylanicum which was 

first described h r Looss in 191T- Looss found it only as a. 



a 7:arasite in rivet Cat. Major Lane found this parasite 

2in the cct,dog,lion &c. The three varieties of the para- 

IDsit3 Will now }pe considered. 

Ank'rl ostomS. Duodenale. 

r 

When alive, it is of a pinkish colour. After death, 

it "becomes white or grey in colour. 

Measurements. Dubini,Pilharz & `Ton Siebol cL E ive the ---- 

length as 9 -11 Millimetres. Schneider gives it as 10-12-- - 

F pm. Leuckart gives the maximum length as 18 Millimetres. 

According to Blanchard, }.t is 15 -11.M. Professor Looss,as - 

the result of examination of hundreds of living specimens 

has come to the conclusion that the maximuin measurement t 
5 

of the male, is 9- 11.M. and that of the fenatil e,l2 -M.M. In. 

his opinion,Leuctiart's observations ware confined only - 

to dead and swollen specimens and in them, there was 

stretching of worms due to long immersion in water, He 

also considers that the preservatives used for the worms 

may in some cases,produce stretching. 

Thickness. Professor Loose found that the thickness in 

the male,varied from 0.4 -0.5 M.M.,and in the fei .Ie,the - 

maximum thickness was O.( M.M. 

:Body wall. The skin is thick and resistant. Under the -- M 

skin, there are four longitudinal bands- a dorsal hand, a 

ventral band and two lateral bands. The dorsal band 
_ reaches 5. Records of the Egyptian r o e ramert School- 

of of Medicine- 
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rea e ae s only up to the arms. ,The ventral land is well 

ue :'eloped near the tail . The lateral bands alone extend 

to the whole length of the body. These take part in the 

formation of rays of the bursa,-in the male. The head - 

glands are closely applied to the lateral. -hands. resides 
the ordinary xmmuscies in the body wall , there are special. 

muscl ,es which are used for special purposes. Thus there 

are Cephalo-Oesophageal ÿpiuseles,which move the head and 

the Oesophagus. There 
l both 

also 
t 

intestinal muscles. These 

two sets of muscles belong to oth sexes. In the female, 

'there are the anal muscles and the v ivarmuscles. The - 

muscles of the bursa are peculiar to the rïale. The worn: 

S cylindrical,with slight forward thinning. The head -- 
end which is slightly pointed,contains a large mouth 

capsule. This capsule is be -shaped,and has a horny - 
wall. The capsule is bent backwards almost at right an- 

-glas to the ' -'ody. The capsule has given the name to the 

worm ( Ankylostome -04-)í u »S,her?t,C70 j'' mouth.) The name 

uncinaria is given as the mouth is armed (Uncinus hook) . 

The capsule has two hook-formed teeth. The inner of the 

two has an accessory tooth. The head gland is situated -- 

near the outer tooth. It consists of a single cell. It - 

runs through half the length of the worm and opens or. -- 
each side. In the female,it runs nearly to the l'ul,Ta. - 

The head gland secretes an irritant liquid which can get 



et into the wounds made by the .-teeth. There is another - 

gland situated in the oesophagus. It opens in the middle 

of the mouth capsule. Its secretion is supposed to have-- - 

the power of dissolving the mucous lining of the intes -- 

-tines of the host. There are two inner teeth rising from 

the ventral wall of the ?huccal capsule. These are situat- 

ed near the floor of the mouth. The wall of the mouth -- 

capsule is made up of a number of pieces which move - -- 

against one another. The advantage of this arrangement -- 

is that the worms can easily release themselves from - - -- 

their hold and attach themsei es to fresh spots. The - - -- 

opening of the mouth capsule has three ridges or prof on- 

-gations,into which strong radiating muscles are attach- 

-ed. These muscles contract the phar ynx and cause suction 

on parts in contact with the mouth.. The back part of the 

pharynx is fixed in the intestine,thus foaling a valve -- 

preventing the return of food. The intestine is usually- 

straight and very wide and floats freely in the visceral 

cavity. The tail and of the ankyylostomuri is ?^lur.t in both 

sexes. (The tail of the female Oxyuris is tapering) . The 

anus has a ventral opening at the "base of the tail in -- 

the female. In the male,it unites with the genital duct - 

and forms a cloaca which. opens into the copulating sac.. 

In the male,there are two anal glands which open into the 

cloaca. 
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generative apparatus. In tl e female,t'here is the ute-j 

l--rus which is a large tube situated ventrally. It comrnu- 

-nicates with the lTulsa by mear. s of a short lragina. -- 

There are two ovaries which open into the uterus. These 

ovaries are eery long tubes(rearly five times as lorg -- 

as the ar! imaL) . Ir the nal e, +here is a long testicular - 

tube,wh; ch is made up of manse coil s, ending in a pouch,- 

the seminal ves? cle,which runs on into a discharging -- 

canal. This canal reaches the cloaca and unites with the 

rectum at the. ' ̂ottori of the copulating sac. Two pouches - 

situated on the dorsal aspect of the intestine,open into 

the the cloaca. There are two spicules e ch. 2- Mais.long at, 
{ 

the bottom of these pouches. They serve to open the tTa.- 

-gina during copulation. The copulating sac is a sort -- 

r 
of tent.-It is formed of a circular fold of integument- 

divided into four unequal lobes by shallow notches. Of -- 

these, the dorsal is the nalle st ,the 'Tentral, intermedi_ 

-ate in size, and the lateral' ones are the biggest. In - 

the wall of the sac, run eleven branching ribs. The dor-- 

-sa] or posterior rib is ureven_,ail the others being - -- 

s7nnetrical. Its extremity bifurcates each branch having. 

three fingers. >+'ron each side of the dorsal rih,springs 

another rih,the first lateral,which runs into the pos -- 

-terior part of the corresponding lateral lone. Through 

the middle of the lateral lobe,run three big r s,viz.- 
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-riz. the second,third and fourth lat ral,diverging from - 
0 -- 

a comor stem. This stem sends out at its rase a fifth - 

lateral rib called the ventral rib ending just near the 

notch between. the ventral ar+d lateral lobes and. deeply -- 

notched at its own extremity. The ribs are prolongations 

of the longitudinal muscular bundles and enable the ani- 

-ruaI to open and contract the copulating sac, so as to fix 

it for copulation. It is a kind of cupping glass for fix- 

- ing they male firmly on the vulva of the female. Copula- 

-tion prolmbly lasts for several cers. The erenitai open- - 

ir'g in the female is situated just heyond the middle of v 

the rod :r,far awav from the anus. Copulating pairs there- 

-fore have the shape of 1/ 

Eggs of -- They measure between 0.05 & 0.051 M. %i.- 

A- Duodenule. ir. length and in th.icimess between 0.034 

& 0.038 M.T'I. They are fairly oval in - -- 

shape,with rounded poles. Under 
r 

low power,the shell ap -- 

-pears as single,but under high power, it is seer to have 

a colourless double layer. The contents of the egg appear 

granular under the microscope. The interior of the eggs - 

as found in fresh faeces,seems to consist of four -eight, 

or sixteen segments. 

6, Looss Article abridged in Sandwith's Medical Diseases 

of 
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'Nece,tor ( Uncinaria Americana). 

Americanus. -This species was discovered by Stiles in 

the United States in 1902. This worm is 

more slender and snlal.l er than Ankyl o st c7n3 duodenale. 

Tuea surmLents t 

Female - 9 to 11 M.'M.long & 0.5 M.rf.broad. 
ri 

Me.l e . 7-9 M.M. long & 0.35 M.M. broad. 

It is easily distinguished from Ankylostoma duodenale 

with the naked e7e, as the head is abruptly bent backwards 

in both sexes. In the xrale,the copulating bursa is rot - 

Ev,;,Qdo) 
median, but directed to one side.4T1ie bu cal capsule is - 

smalier but more circular. It has a dorsal and a ventral 

pair of lips at the mouth. It has a prominent dorso -me -- 
t- 

-dian buccal tooth and four bucca.. Plates. In the male,- 

the dorsal ray of the copulating bursa divides at the -- 

base and each branch possesses two lips. In the female, 

the 7r;ß va. is situated in the anterior half of the body. 

Eggs of TTecator Americanus, are thin-shelled. 64 to 72 - 

Micromittimetres long & 36 to 40 micromi ttimetres broad 

They are slightly larger and taper more at the poles --- 

than those of Arkylostoma Duodenale. - 11 1 

Agch,-lostoma Ceylanicum. 

This was first described by Looss in 1911. He -- 

ry . Daniel's Tropical Medicine & HTTgie:le-77o1 .II .Page 130. 
R. Stiles' Article in Osier and Macrae' s System of Media 
_cine. 



1.. 

He found it as a paeP site in a civet cat sert to him by - 

Dr. Wo?ley of Colombo. He therefore gave the name Agchy--- 
t 
lostor?ia Ceylanict;m,to the parasite. Later,the parasite -- 
was found to infect cats and dogs at Derhampore. I'+iaj or - 

Lane found it also in a lion which died in the Zoological 

gardens at Calcutta. While examining the faeces of pri son- 

crs at Perhazapore,Maj or Lane carne across this parasite -- 

9. 
Chief feature s of Ag chylos+,orrrum Ceylanicum. 

It is smaller than A- Duodena1e. In Loos's specimens 

from the civet cat the measurements were 5 -i .M.for males- 

7- .M.for females. The worms obtained by Major Lane 

from the prisoner s,measured P.5- M.1`$. & 1O- M.M.for males - 

and females respectively. The head is transparent except 

at the oesophagus. The rest of the body is opaque. 

et 1 

Specific characters There are two pairs of ventral --- 

marp:inal teeth, In the copulating - -- 

bursa of the male,there are special clefts separating the 

dorsal from the lateral lobes. The dorsal ray bifurcates. 

Each branch thus fornred,again bifurcates. The lateral ---- 

lobes are long and rounded, II ) 

`' 

Development of Ankylostomum Duo den al e. (ç 0 e ° c-s 
The female lays the eggs in the intestine of the --- 

host and these eggs escape from the host through the - - -- 

9. Major Lane's article on Agchylostorr m Ceylanicum-in - 
Ifid iA&- Med:ical- 4aäette --J One=1913 
Le 
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the foeces. The number of eggs. laid by the female is en- 
4 

- orrxous. Leichtenstein iras counted nearly 20,000(twenty - 

thousand) in a gramme of foeces. If the eggs be left ex - -- 

-posed to the air,their rate of development varies accor -A 

-ding to temperature. W-er_ fully developed,they 'become --- 

larvan. The larvae get out of the shells,feed or the foe- 

- ces and grow. As a rul e,l arvae escape from the foeces -- 

from the third to the tenth day. At first,the appearance 

of the larvae is rhanditiform(rodlike) . The oesopha- 

-gus is narrow in its lower half and there is a swollen - 

bulb at the end of the cesophagus(rhabditiforn oesophagus) 

Three small valves are situated inside this bulb. The 

valves have the appearance of +. The tail has a thread-- - 

like point. Another peculiarity of the larva is the shape 

of the mouth cavity. It is long and cylindrical and 1-as - 

a highly refractile membrane. brane. B .r feeding on the feeces, - 

the larva grows. As soon as it escapes from the egg, the - 

larva measures from 200 to 210 Micramillimetres in length 

and 14 micron iLLimetres in width. It grows very rapidly, 

becoming each day 80 to 100(""l onger & 2 /'wider .0^`' ái 3 } 
tiLt) 

Gradually a new skin begins to form under the old - 

one. When the formation of new skin is complete,the old - 

one is cast off. This process is called Ecdysis. The --- 

time taken for shedding of the skin also depends on the - 

temperature of the atmosphere. As a rule,the first shed -- 
- ding 



l 
. 

shedding takes place or the third ctav, After its ecdysis 

the larva becomes thinner and the oesophagus loses its --- 

sharp division into three parts. The extreme point i_ the 

tail is lost by the first ecdysis. The second ecdysis be- 

-gins when the larva is reader to eave the foeces. The -- 

sheath becomes loose and the embryo can move within it. °- 

It retains the shea,th while leaving the foeces,and climb- 

-ing grass pol es, stakes,walls &c. The .third is the en - -- 

- cystmert stage. The second ecdysis is not completed un- 

t il the larva is ready to and is actually penetrating --.- 

the skin when it completes the moult. The larva then tra- 

-vela TT the connective tissues anse l?mlp1atics,tO the - -- 

lungs and from there , to the oesophagus 'fis- the bronchi and 

trachea. Thence it goes :to the stomach and intestines,and 

before entering the walls of the latter,it completes a --- 

third ecdvsis or moult. In the submucous wall ,it becomes- 

sexually mature +,an.d,acquiring sexual organs & differences 

again moults. With the fourth ecdysis,it comes into - 

the body of the intestine for purposes of feeding. It has 

been found experimentally that mar cannot be infected . ^y 

swallowing material containing eggs and immature- lava. -- 

Only mature larva can infect man. Direct infection from 

man to man is impossible. Dr.Hal. ape examined a number of 

the wives and children of infected miners in Westphalia. 

T,.iot even on e of them was found suffering from ank?rlostom2 



 

11. 
6,nkylOStt>i?:?, infection. Giles has stated that Ank;.'lOsto°- 

-'31a larvae may 17ecorIle sexually mature and multiply oLit__-.. 

side the '-)ody. Iir.Foycott has tried to cultivate sexual ° 

forms of the parasite in the fOeces,Y!ut has not been 8,?-ae 

1 2 
to do so. Professor Looss also has failed to cultivate --- 

sexual forms in the foeces. 

Life conditions of the eggs and larvae. 

Air,moisture and warmth are absolutely necessary --- 

for the development of the eggs. A free supply of Oxygen 

is necessary in order that eggs may hatch into larvae . 

Hence it is impossible for the eggs to hatch while in the 

intestine of the t oet. They don't hatch even if kept in - 

13 
a ahali open dish with water,ore inch deep. In the ab -_- 

-sence of oxygen,they may live for about ten days. Young - 

larvae also require a good supply of oxygen aven though - 

they can thrive well in water. When the larvae have deve- 

-loped and reached the encapsuled stage,they can exist -- 

it ho' _i oxyfTer for some weeks. 

The condition of the foeces also influences deve - -- 

-iopIT:eY!t. 

11. Report on Ankylos',orriasis in Westphalian Collieries, 
+ - J.S.Hal«ane M.D.P.R.S. 
12. Boycott's lecture on A rzV losyona Infection(Page 5-r- 
Lancet-March 19' ,1á11 . ) 
13. Boycott's lecture on Ankylostoma irife ctinS' .(Lancet - 
March 25'01911.) V 



In liard faeces, it is found that ova on the surface de --- 

-v eiop aiore rapidly than those in the interior as air --- 

has free access to the surface. Unless scybtw1.a be broken 

u?:,the ova in the interior do not dAvelop,but die owing 

to want of air. If the faeces 'i cameC watery, either IT - 

the motions becoming diarrhaeic,or by the addition of --- 

water,the eggs die. It has also been found that if acid 

ÌeYl:le'íltc`l,±ion takes place in the faeces,the eggs and lar- 

-vae are all dpstro;rad. Eggs develop better in faeces --- 

from a mixed diet tran in faeees,frßrti a purel ,, vegetarian 

diet. The 'hest medium for culture of e ggs has been oma - 

to be a paste made of f2oeri',es,ain1!!lal charcoal and a little 

water. I have trie(;:i. this medium for cultivation of the -- 

eggs in several cases and found it quite satisfactory. 

Moisture. Complete drying will kill all eggs & larvae. 

It has been found that mature larvae require less mois--- 

-tare than trie eggs or irrimature larvae. The infl'uence of 

moisture on spread of in£ectJ_on has been wcil shown in --- 

.mines. In Westphalian coal j.its,l,-iere was a virulent epi- 

-demic of ankylostomiasis after introduction of the cus-- 

-tom of watering the roads to prevent dust explosions. -- 

D:'» lo.,Tcot t has thus tabulated the figures to show the in- 

-crease of infection. Vdat ering in the coal pits was in--- 

-troducPd towards tre close of 1P?9 s 



Yea:z No.of Colm No.of cases 
reórted. -- 

Cases per 
-,l1vnYi$s. 10900 

1896. 00 15 00 107 .. 6.4 

1877. .. 31 .. 113 .s 
!.¡ 

e. . 

1898. .. 23 .. 99 .. 4.9 

1. 839. .. 96 .. 94 .. 4.4 

1900. . . 40. .. 275 .. 11.7 

1901. .. 63 .. 3030 .. 40.6 

19Ö2. .. 66 .. 135.5 .. 52.9 

Temperature. In Egypt,it has been noted that the eggs 
o 

develop best between 30 & 35 C, but in F,urope, the opt:i/nU.rn 

v o 
temperature is 25 to 30 C. Development is retarded under 

lower temperature. Larvae can stand far lower degrees -- 

of temperature. They don't die till the freezing point 

is almost reached. 

In Egypt, experimentally, larvae have been seen to 

emerge from the eggs within twenty four hours and became 
0 

mature on the fifth day when temperature was between 30 
o 

8, 35 C. In Fgypt,deve3 opment is not prevented even by a 
v 

temperature of 45 C. In Europe, it was found that eggs 
a 0 

larvae,when kept in an incubator at 37 to 40 C,did not 
o 

develop properly. Haldane found that at 15 C, the eggs - 

took a week to .hatch. For reaching the eAcysted stage,- 
the 



a 
the larvae require a temperature higher than 20 C. Pruns, 

working in the bacteriology laboratory at Gel sen kerchen, 
a o 

as the result of numerous experiments,found that 20 to 21 

C was the lowest temperature at which he could observe. 

any larva developing to the encapsulated stage and at --- 
o 

about 20 C, hardly any larva developed. 

The most favourable temperature he fo'und,was bet --__ 

o 
-wean 25 & 30 C. He also found that the average duration 

of life of the larvae was at least six months. 

Action of antiseptics on larvae. 

In 25% Sulphuric acid,larvae died in a little more 

than half an hour. 2% corrosive sublimate took six hours - 

to- kill them. 1 in 1000 corrosive subl imat e will kill --- 

eggs and encapsteed larvae. These are also killed by 4 %- 

Action of Salt. Salt water was found to destroy larvae.- 

In the Levant mine in Cornwall ,though the underground -- 

temperature was favourable for development of the para- 

-site and though there was faecal contamination, it was 

found that the men working there were immune from the di- 

-cease. On enquiry the immunity was found to be due to 

the nature of water in the mine. Dr.Boycott undertook a 

series of experiments to test the effects of different _- 

strengths of salt solution on larvae. He first e.xper YYen 
:,sd 
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experimented with encapsuled larvae which he kept in salt 
o 

solutions of varying strengths at a temperature of 20 C. 

9 days. 18 days. 3 hours. 18 hours. 2 days. 

0.8%. Lively. Lively. Lively. Lively. Lively. 

Sonie dead A few - 

2 °l. .. some live- A few - A few- 
-1y. 1 ively. lively. lively. 

4 °. Motion- None ,_1ov- Dead. .. .. 

4 d 
-less. -ing. i /!. w 

1CJ'. . 

He nex+, experimented with eggs by placing freshly infec- 

ted faeces in an island of filter paper surrounded by 

salt solution at 200C. His results are as follows:- 

.. 

Tap water. 

0.8% %iaCl. 

2.0%. 

4.0%. 

After rl days. After 12 days. 

Lively large larvae. 

Do. 

A few dead first day 
larvae. 

very he e. r t y s en cap s ul - 
-eú. larvae. 

Do. 

lany first day A a - 

-few second day lar- 
-vas all dead. 

Eggs ready to hatch No free larvae, e-;gs 
no larvae. -dead. 



A few er1 b 2';_To s in Ho larvae e ggs dead 
eggs. 

Water from A few first day lar- A few dead larvae -- 
Levant mine 
containing -sae not all dead. eggs dead. 
2.42% Traci. 

Modes of infection. There are two wags in which man can 

become infec ted-name3 y,by the skin and by the mouth. 

Infection through the skin. Professor Looss discovered - 

this method of infection àA.1-1-91*. Once,while he was work- 

-ing in the laboratory with matures of ankyl ostoria duo- 

denale,a drop pf culture containing more than one thou- 

-sand larvae fell accidentally in the cleft between two - 

1 4 
fingers of his left hard. He noticed that this was fol - 

lowed. by a burning sensation at the poirt of contact and 

that the part became inflamed. He then repeated the exile_ 

riment on another spot with the same result. He next - --- 

examined the drop. of flaid left in the hand after it had 

remained for a long time in contact with the skin. He --- 

that many larvae had disappeared,leaving empty - - -- 

sheaths behind them. After a flw weeks,he began to suffer 

from debility and anaemia,ard on examining his f aeces, he- 

found numerous eggs of ark.3rlostoiIa duodenale. 

Experiment T ?o.2. This was performed on the leg of a boy 

14.Sandwith' s Medical diseases of Egypt-701.T. 
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bbyr,aged 13 years. The limb was to be amputated. The et- 
f 

periment was undertaken an hour before the amputation of 

the limb, The leg was well washed with soap and water and 

dried. Then one drop containing numerous ankylostome lar- 

-vae,was dropped at one spot. The drop was allowed to dry 

on the skin. There was no redness at the experimented - 

spot. An hour later,the was amputated. The skin area 

which. had come in contact with the iarvae,was carefully-- 

excised,an d hardened in alcohol. It was then cut. into - -- 

Sections and. examined. The larvae were found to have pe -7 

-ne trat ed through the hair follicles in the skin. Having 

entered the hair fol_1icles,they were found progressed by 

boring. 

Experiment No .3. This was made on a volunteer. He was _- 

previously informed .of the risks of the experiment. His 

faeces were examined for five weeks in succession and de- 

- clared to be free from ankylostoma ova. Next a few drops 

containing a culture of ankylostome larvae were poured -=-r 

over his forearm and allowed to dry. His faeces were then 

periodically examined: On the 7lst.dayT after experiment 

ankylostora eggs were detected in the faeces. 

15 
Other experiments. Dr. Boycott produced an infection on 

15.Boycott on Ankylostoma. Infection.(La,ncet -March 18'1911) 
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onuPro7es'or Leathes by applying a culture containing ---s 

Ankylostome larvae to the forearm and allowing it to re-- 

-main in contact with the skin for two hours. The skin of 

the infected part became red. There was also slight itch - 

Ting. On the 50th.day,eggs were found in the faeces of - 

Professor Leathes. Dr.r ieri in Italy,alllowed eight drops - 

of a culture of larvae to drop on his hand. He found eggs 

in his faeces on the seventy first day after infection. 

Dr.Looss experiments on puppies. 2 . 

He examined faeces of puppies for several days to - 

make sure that there were no eggs of ankylostome. He then 

made a paste of charcoal and faeces containing larvae and 

rubbed the paste on their backs. The animals died on the- 

tenth day. On post- znortem,many i nature worms were found- 

in the j ej unum. Loose worked out the mode of passage of 

the worms from the skin to the alimentary canal ,by 
16. 

-roes experiments on puppies. He found that the larvae - 

bore through the skin into the lymphatic vessels and 

- taneous veins. From these veins,they reach the right - -- 

side of the heart by means of circulating blood. From the 

right heart, they get into the lungs,also by way of the 

blood. stream. From the lungs,they pass through air cells 

16. Sandwith' s Medical Diseases of Egypt. 7°1.1. 
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(fells and thence to the bronchial tubesstrachea and iaryri 

-nx. From there,the-r pass to the oesophagus,and gradually 

reach the intestine. -Looss found that very young animals- 

were far more susceptible to infection than old animals. - 

17 
Sarnbon' s view. Sambon thinks the worms penetrate the 

skin and gradually get to the lungs. Having entered the 

lungs,they reach the pulmonaryartery and thence reach the 

pulmonary veins. They thus get into the general blood 

stream and reach the j ej unum. He does not think that the - 

worms get to the trachea larynx and then into the stomach 

via the oesophagus..In support of his view,he says that - 

only rarely have ?arval forms of an_kylostoma 'teen found 

in the stomach; they are always absent in the duodenum 

and that they are found in the left heart,pulmonary and 

azygos veins,in. thoracic duct, Peritoneum and lymphatic -- 

glands. Samhon also thinks that when larvae are swallowed 

they pierce the oesophagus,enter the blood stream, and -- 

through that channel ,reach the intestine. 

Full eborn _& onSchi? 1 ig Torgau' s experiments. 

They performed tracheotomy on dogs and inserted a - 

canula to prevent larvae from passing into the oesophagus 

17. Castellani & Chalmers' Manual of Tropical Medicine -- 

2nd. Edition -Pages 558 & 559. 
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eesophagus frai the lungs. They then infected dogs with 

ankylostoma Caninum and found that secretion from the 

trachea contained larvae. In another series of experiments 

they divided the oesophagus and stitched both ends to the 

skin and infected the animals. After same, time, the larvae 

were found in the upper eut end of the oesophagus. All --- 

the same,a few parasites were found in the intestine in - 

both of these experiments. These experiments tend to show 

that a few worms do take the route suggested by Sambon, -- 

but that the maj ority adopt the route suggested by Loose. 

Schaudinn' s experiments on Monkeys. 

He examined T oeces of young monkeys and satisfied - 

himself that they were free from eggs of ank:rlostomes. He 

then selected a monkey,cut off hairs from a small patch 

on its hack,cleansed the patch thoroughly with absolute -, 

a culture of 
alcohol and applied five or six drops of /ankylostom.e lar- 

Tae over the patch. These were allowed to dry on the --- 

back. This experiment was made on. May-28',1904. The non- 

-key died on June 10th. Thirty six living ankylostones - 

in various stages of development were found in the upper - 

third of the weal? intestine. Another experiment was made 

by infecting a monkey with a culture on three successive - 

occasions,and killing and examining the animal six hours- 

after the last infection. 
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'Bchaulinn found many worms in the intestine and. some 

? ar va e in the skin. 
18 

Cede Smith experimented with TTecator Americanus. 

He was able to produce, infection through the akin. He - 

found that at the site of infection,local itching and a-- 

macular eruption followed. The day after infection, there 

was a 'c*esicu1ar rash and swelling of the infected part.- 
On the fifth day,the lymphatic glands near the infected- 

area,were found enlarged. By the twelfth day, the skin -- 

affection disappeared. There were sore - throat and sto- -- 

--mach derangements for a few days. Ova were found in the 

faeces about the middle of the seventh week. 

The possibility of skin infection is also borne out 

by the fact that there is a disease called 'Ground-itch' 

which occurs among coolies it many parts of India and 

in other tropical countries. The disease occurs during - 

the rainy season. It has been supposed to be due to in -- 

- fection by ankylostome larvae. It has been found that 

wearing boo.ts,whi? e working in the fields,is a sure pro- 

-tection against ground -itch. Ground itch occurs only -_- 

in the feet and ankles. It has been found that in places 

where it is very con non,an.kylost ome larvae also occur in 

the soil. Cutaneous eruptions have also been noticed in 

18. Castellani & Chalmers' Manual of Tropical Medicine -- 
2rd.Edi Lion --Page 1605. 
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j,n miners in Cornwall and in 7rench nines. In Cornwall,- 

these are called. ' 1_i:tnehes' ,4Tn.ile in ^i G;Ylce 9 tie'se are -- 
known as 'Gourmes'. In some úases, cv tarrha3. bronchitis °° 

also occurred in persons with gourmes I30+h of these pe-e- 
19. 

-ceded the onset of anaemia. 

In Egyt)t,s'_win eruption has not been. a prominent °-- 

feature of ankyl0.5tomo^. infection. Ir Travayn.Oore `r.lso,skin 

eruptions have. not 7(.)eer found even in persons suffering - 

from severe forms of arkylostGZnia.sis. ProbE.bl,r,the pa---- 

-tierits ir these parts,who always walk bPrfÁ-footed,may -- 

have developed toughness of skin which may make it diffi- 

-C.U.J.t for ankylostoma larvae to pierce. 

Infection through the mouth. 

Perronci t o proved this t0 be the common source of - 

infection when he investigated the St.Gothard epidemic.- - 

Thus,workmen who have handled infected soil,ard eat with- 

-out washing their hands,or who put their food,pipes and - 

water -bottles on the grourd,where the larvae can gain ac- 

-cess,are liable to infection. In these cases,the larvae 

car easily get into tree mouth and thence: reach the intes- 

- tlne,where they develop and become adults. Leichtenstern 
20 

conducted numerous experiments on human. beings. his con - 
19. Ankylostomose in Prouardel et Gilbert Nouveau Traite 
de Medecine. 
20. Braun's Animal parasites of Man -Page 630. 



Conclusions were,t :at men were infected the direct_L 

introduction of mature larvae into the alimentary canal 

Stiles also is of opinion tl-iat,in many cases,t}Le infec -- 

--tion has taken place through the mouth. This has been 

found to be a common source of infection in this country 

because people generally eat food with the help of their 

fingers. Alessandrini has demonstrated another means by- 

which the larvae may gain access to the mouth. He found 

that flies which settle on faecal inatte'r,can convey the 

iarvae,by depositing therm or food or even by dropping -- 

theme into the mouth of persons who sleep in the open 

air. He has shown that larvae can pass through the di - -- 

-gestive tract of flies and escape in the excrement with- 

-out being killed. Thus flies can also spread ankrrios -- 

- tui a infection just as they spread typhoid fever and -- 

cholera. In this country, contamination of food by flies 

is a common occurrence. 

I shall row consider the causes influencing the fre- 

quency of infection by the parasite,. The disease is - -- 

found only in places where there is no proper provision 

for the disposal of faeces. It is frequent in localities 

where the climate is damp. The larvae are found in the 

mud by the side of streams in which places,the people 

deposit their faeces. They are also found under low push 

in the vicinity of houses. In this latter locality, the a 
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the inhabitants defoecate. It is not a disease of towns. 

Generally it is found in rural areas. As regards freciuen- 

-C37 according to sex and age,opinions vary. Thus Ashford 

King and Gutierrez in their report on anaemia in Porto--- - 

Ri co, state that , of 5460 i,atients,325O or 59.64 % were -- 

males ar ci 2 231 or 40.66 % were females. Dr.Sandwdith on - 

analysis of 1000 cases,found the number of females of - -- 

a- feCted to be only 1 %. Stiles found that it was more -- 

common among women and children than among men . In zain-- - 

- irg districts, the disease is chiefly found among men. 

I am inclined to agree with Stiles it thinking that the_ 

womer. who are affect cì,mli st he numerous,but that they do 

not so readily come in for treatment as the mer. As re -- 

-gards age incidence, the Porto Rico Commission found - -- 

that out of 5490,1027 were between the ages of five and 

nine. Dr.Sandwith_ found that the disease was most fre - -- 

- ruent in the prime of life,i.e.between twenty and forty. 

It was rare above sixty. My observations lead me to -- 

agree with Dr.Sandwith it his remarks regarding age in -- 

- cidence in this disease. 

As regards occupations,Dr.Sandwith analysed 200' T 

cases. He found that those who work in the fields were - 

most frequently attacked.(More than 75 % of the total -- 

number). Next came masons or brick-layers who had to - -- 
build 
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huild Ovals with mud. Thirdly came scavengers of streeti- 

refuse and cesspools,and fourthly,pedl.ars of unwashed -- 

vegetables as onions and radishes. In this country I -- 

have found that the disease mainly affects farm la our-- - 

- ers and coolies engaged in the construction of mud - - -- 

walls. As regards locality, the disease has been found to 

be more prevalent in sandy areas than in clayey soils. - 

Rut sand from the ranks of running streams contains ro- 

larvae. The disease has beer found esreeially in places- 

where the sand is fire as it can then hold moisture eas- 

ily. Stiles found the disease als0 in piney forests --- 

where trees effectually protected young worms from heat. 

The disease is found far more among the poor than among - 

the rich. 

The main symptoms produced by the parasite may next 

he considered. The symptoms are generally mild in ter- --- 

- perate climates,rut in the tropics they can become very 

grave. Stiles classifies all cases of ankylostomiasis - 

u n d e r four groups. 

1. Light cases. These include patients who have eggs in 

their faeces,but who do not present any symptoms which 

would. attract attention. Even these patients have to be- 

treated properly,as otherwise, they may become carriers 

21. Stiles, Ir Osler & Macrae Sygtem of Medicine. 
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F+f disease. 

2. Medium cases. These patients have anaemia as the - - -'- 

chief symptom. The anaemia will not be severe enough to - 

make the patients resort to treatment. Only physicians -- 

who have a special knowledge cf the disease,will be able 

to say that the anaemia is true to parasites. 

3. Sevrere cases. These include patients who may eat dirt 

-ard whom even layner will he able to recognise as suffer 

ing from wort. infection. 

4. This includes patients with profound anaemia and ex -- 

- treme debil itzr,who are likely to die at any moment. 

The symptoms of the disease may 'ne considered under the - 

following headings. 

i) Symptoms affecting the digestive system. 

v) 

vi) 

. 

vii) 00 

viii) Temperature. 

ix) Symptoms referable to skin & mucous membrane. 

circulatory system. 

respiratory system. 

Nervous system. 

Muscular system. 

Urinary system. 

(lenital system, 

i) Symptoms affecting the digestive system.L . _ 

The appetite is greatly increased in the initial - 
stages 
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vstages of the disease,but when the disease has advanced 

there is complete loss of appetite. At first the patient 

becomes extremely fond of sour things as lemons,picicles, 

buttermilk Ric. Later,the appetite becomes perverted. The 

patient eats charcoal,chalk,mud,clay &c. Stiles has men- 

tioned the Case of a boy who had eaten three coats ------ 

thread by thread within one year. In some cases,the per- 

-version is so great that patients eat even mice and - -- 

young rats. I have found that patients relish. dirty sand 

bits of broken earthenware pots & ashes. Nausea is an--- 

other common symptom. :Flatulence and heart Burn are also 

present. _Pain ar d tenderness it the region of the epi - -- 

- gastri¢um are ,very corenor. . I have come across a patient 
Eve .ß"Í't '" 

C 
'1/4/14- 

i l 
A. A. aged 25,in whom there was much tenderness in the - 

epig?strio region. She was not markedly anaemic. She - -- 

felt as if something was biting her from inside. She was 

treated for dyspepsia for a long time,but to no purpose. 

Examination of the faeces showed many ova of ankylostoma . 

A three months' course of treatment for ankylostoma in- 

- fection completely restored her health. Constipation is 

fairly common. Occasionally there is diarrhaea, Tlood -- 

and mucus are found only very rarely in the faeces. - -- 

Ashford has noted blood in 6 cases and blood & mucus in-- 

f1ve cases out of over 22000 examinations of faeces. Ac- 

-cording to Leichtenstern,the appearance of blood in the 



-4he stools indicates that the worms are copulating. 

Symptoms affecting t'recireLllatory syste.n.v,.et=,r.,,,,6,4,e,i)t, 

In slight eases, the apex-beat is heard louder than 

usual. In more advanced ca sps,the apex is found displaced 

downwards and to the left. In very advanced ca sea, the - -_ 

apex beat ceases to be cri stinct ,hut in its stead, there is 
pulsation over the e :igastrium.. In these ca ses,there may 

be c Aillosis of the lips. The area of the heart -becomes --- 

enlarg d,owing to hypertrophy of the ?eft ventricle. 
systolic thrill is found in moderate cases. Palpita - 
--tion a very early and constant sym torah. Along with --- 

this, there is usually pain over the region of the heart. 
Sandwith considers cardiac pain as a prominent symptom. I 

have noticed it in several cases. 
Pulse. In this disea,se,the pulse rate is quickened. It- 
may vary from 80 to 120 or more. In advanced cases, TW.e 

pulse becomes wea.K,irregular and intermittent. 
Plood. Ashford and others working at Porto R-i co,found 

on examination of 590 patients,the average percent of --- 
Hae:na,glohin was 45 % in Whites and over 44 %;n Mulattoes 

and 49 % in. Negroes. Males had an average of 41 %,and fe- 
-males 48 ,°J. In extreme cases,they found only 8 %. In. a - 

few, the hoemoglobin was 101 %. lY! some special c2.Ses, the 

haeinoE,,l ohin. varied from 6 to 65 per cent,with an average 
of 24.38 %. ünder trAa tne'nt , they found `ctx! average increase 
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increase of haemoglobin of from 21 to 34 ;`,. In sorna cases 

they got even a.n increase of 20 to 30 % every week. They 

found that redtiction of red corpuscles was not in i}ropor- 

-tion to reduction of haemoglobin. In many eases, the rad 

corpuscles were rot affected tin the amount of ha,emogioa 

-bin was reduced to 30 %. Sardwith' s average was 26 %. -- 
In Travar_co-re, it has been found that the haemoglobin ave- 

-rage irg)atie,i2ts suffering from c7,nriylostoi'.iis#.sá.s is very - 

low. Many of t?-ie patients I examined had only from 15 to 

25 `A of haemoglobin. Only in one or two cases,did the --- 
haemoglobin rise above 50 ``. I have found that under suit- 
- abl e treatment , ir crease in hc`,emoglOI-`in 1^e come s rP_.r?r 

- a18i? , 

Thus, K cEgmd 39 had on admission 

or. 30-8-12, on1y 10 %. 
ha.erio ob in 

On 12-11-1T was 35 % 

On 15-12-12, 

K.A. ( Fernal e) aUed. 25 yad,on admission 

On 30-7-12 only 20 % of la. 
On 31-10-12, the Fib was 55% 

Red blood corpusclas. These become considerably reduced 

i Y1 ankyl0sto;1iél.sl.s. In severe case s, they may even o down 

to 750,000 per ca,* M.M. Generally they vary from 1 to 3 

millions per Cubic .ïi11 iyetre. 
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White c o- r. ; SCI_ ?_ s- . When the disease is in its early ._l 

stage,there is leucOCytoSis,but when it is very advanced 

there is leucopaenia. Saun.dvvith 'ras surana.risvd the 'blood 

change s in the foil owir_g table. 
C o u n t . Nor:ial. Ankylostoriia,sis. 

Red blood corpuscles. 4,;-,SaI0. 1 - 3710G 

Hae.nogI.obin. 90 -100',1'!,. 10-54 `!. 

Colour index. .9-1 0.5 

White blood corp usclas.,000-I0,000. 9000-12,000 

E0sinophie':s. 2.5 %. 

Fosinophiles. 225. 5000. 
(absolute number) 

The great increase of eosinophiles is supposed to be -_ 

diagnostic of parasitic infection. (especially helminthic 

infection) . This is only useful in c0un.tries,YYhera other 

parasitic worms are not found. 

Symptoms referable to Ahj° r spirator?r 3rst el?í.DV,..d..,C0vi-a/, 9 .l aJ 

There may he DysDnoea, on exertion. The larvae .ma ;r - 

irritate the mucous membrane of the bronchi and set up - 

bronchial catarrh. In some ce,ses,con.stant irritation of 

the bronchi may lead to the development of emphysema of 

the :Lungs. 

S:,znp t oms- 

22. Sat!dFVith's Diseases of Egypt. 701.1 
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s11113 tons referable to the Nervous S:aster_1.[.2,21. 11, a 3 j 
The mental condition cf the patients is greatly af- 

-fected by-this disease. School Childran,wher_ affected, 

find it very hard to keep up their studies. They became 

dull and stupid. I have noticed the case of a boy aged 

Awho was brought to nt by his uncle with `he complaint- 
, 

tnat he had become dull a:n d indifferent to his studies. 

On carefully examining the bov,I found he had marked ---- 

anael!lia due to ankylostomes,and by suitable treatment,- 

his mental condition showed decided improvement. Other "- 

brain symptoms are a feeling of :vearinwss,hea,dacñe,d.iz-- 

-ziszess and sleeplessness. 

I':ave had two patients in whom,head-ache and sleep 

-lessness were very prominent symptoms. In one,P.P.aged 

28,a, clerk, these symptoms were so troublesome that he -- 

was obliged to give up work for some months. The ordi-- - 

-nary pain relieving- remedies had no effect on him. As - 

he was markedly an'cl,eS?liG,I examined his stools and found- 

numerous ankylostoma eggs. After the expulsion of anky-- 

Tlosto;Ties,wkl.ich took about six- weeks,he was completely - 

'restored to his former health. In the other casL°? K.A.- 

a lady aged about 45, the head-ache was so persistent --- 

that she was suspected to suffer from brain disease. She 

was very sleepie ss, often being without a wink of sleep- 
. for 



ror nearly a week. After two courses of treatment with -- 
thyinol, she improved considerably. 

Symptoms referable to the Muscular System. L r CaA-- ßß1 J 

Muscles become soft and flabby. Patient is obliged 

to rest even after slight exertion. Deficiency of Haemo- 

globin and red blood corpuscles tell on the vigour of the 

patient . 

Symptoms referable to the Urinary System. 

The specific gravity of the urine is usually from 

1010 to 1015.. Colour is pale. Reaction is neutral or a1 

- kaline. The quantity of urine passed is increased in T-- 

amo unt . 

Symptoms referable to the Genital System. 

Development may be delayed. There nay be great de- 

-lay of the onset of menstruation. The disease may pro- 
-dace abortion or miscarriage in the case of pregnant - 
women. Ir advanced cases,sterilitzr and .impotence may -- 
result. ,adR-,-c (S'. 1 - 

Teriperatizre. In some o<.a svs, the illness may be usher- 
-od in by an attack of fever. I have not noticed fever as 
c conrmon accompaniment of ari:ltylosto;lîia.sis. In one of my -^ 

V`í C4x Lara 1 a . 

patients, - ,aged 19,the attack started with a tempera- 
,- , R -tune 



temperature of 103°P. She had irregular attacks of fever' 

which yielded to treatment for the worms. Castellani - -- 
? J 

mentions three tykes of fever. 

1. The low intermittent type. 

Here the temperature rarely rises above 1004'7. 

2. Ar irre 'u1ar type,at times intermittent and at -- - -- 

t ,T,Les sub -- continuous. 

3. An undulating type. This is very rare. Castellani- - 

belie es that the fever when present, is due to infection 

by int estinal 

-tion through 

--rane of the 

bateria,which enter the general circula- - 

small wounds produced in the mucous mem -.- 

intestine by the bites of the worms. 

Symptoms referable to skin and mucous membranes. 

I have already referred to 'Ground itch' ,which oc -- 

-curs as a derma ti tis between toes,ard on the sides and 

top of the foot. The colour of the skin in patients suf- 

-f Bring from ankylOstomiasis may vary from yellowish - -- 

white to dirty yellow. The skin becomes dry. There may - 

'he severe itching. In chronic cases,the skin becomes --- 

atrop;},i¢ed. 

Hair. If a person rie attacked before puberty, there is 

an arrest of growth of hair. 

23. Castellani & Chalmers'Manual of Tropical Medicine- 

2nd. Fait ion --Page .1309 . 



Oedema of the face is' a very common symptorl, especiall.y - 

ln advanced cases. Sometimes there may be oZti?c over -- 

the feet and ar.kles,or the whole b-.; may be oedematous. 

In one of my ca ses,H.A.aged 42, there was oedema all over 

the body. As a rule, the face has a stupid expression. -- 

Pulsation in the neck is found in advanced cases. Ascites 

is al so found in some cases. 

Visible mucous membranes. 

They i r vary from their natural colour to pearly -T 

white ,according to the degree of anaemia. This is e spe- 

-,ciall y seer in the conjunctiva, In many c4 ses, the con- 

junctiva becomes pearly white. There may be pigmented -- 

patches in the tang e in some cases. In advanced cases, - 

the tongue becomes white. 

The subjects of ankylostomiasis are very liable to 

other tropical complaints as a result of debility. They 

are specially liable to attacks of dysentery or typhoid. 

Other worms are often found in association with the anky- 

lostoie. 

I shall next say a few words on the pathology of the 

anaemia produced by ankyl ostomiasis. 

Pathology of It has already been noted that the --- 
Ankyl o s t arfa 
anaemia. amount of haemoglobin is considerably re- 

sC. 

-duced, The total volume of blood is increased. Haldax1? 



Haldane and Smith have worked out the quantity of haemo 

-globin and the total volume of blood in three patients 

/working in Cornish mines, and have compared them with -- -. 

those obtained from patients suffering from chiorosis, 

pernicious anaemia, anaemia from haemorrhage and polycy- 

thaenia. Their results are given below. } 

t t t t 

' Haemoglobin ' Total ' Blood ' Relative 
' haemoglobin ' Volume ' No. of 

' per cent. ' in grammes. ' (Cubic ' redcells 
' centi- ' in whole 
' metre) .' blood. 

t t t e 

1 

Normal. ' 100 
t T 

400 ' 3000 ' 100 
t 

Ankylostoma ' 44 ' 311 ' 5160 ' 102 
iïo . (1) ' ( 47 t 357 ' 5520) ' 106 
No.(2) ' (41 ' 331 ' 5880) ' 

no. (3) ' 49 ' 316 I 4620 ' 128 
I I I I 

Chlorosis. t 40 ' 354 t 6480 I 173 
t I t t 

Pernicious ' 26 
1 

179 
I 

5160 
1 

32 
anaemia 1 1 

1 
t 

t I t t 

Ariaernìfa fran 33 175 3900 73 
haemorrhage.' 

I 1 t I 

Polycythae,nia 162 1 1360 ' 6000 ' 400 
I t t t 

t t t I 

*24 Boycott's lecture on .Ankylosto;na Infection. 
March 18 - 1911.) 



Rwco tt believes that the anaemia is similar to that of 
e 

ch.lorosis. As the result of my own observations on nume- 

-rous cases of ankylostomiasis, I agree in this view. In 

both chloros3.s and ankylostomiasis,there is increase in 

blood plasma. There is another point of similarity be ---- 

- tween these two conditions. The sufferers from both ---- 

these diseases can do muscular work, even though there be 

great reduction in the amount of haemoglobin. 

There have been various theories regarding the anae- 

mia of ankylostomiasis. At first,it was thought that the 

anaemia was due to loss of blood through bites of the --- 

worms. In 1 90,Lussana made an extract from the urine of 

an ankylostoma patient and injected it subcutaneously -- 
21T 

into rabbits and produced anaemia in those animals. He - 

next got rid of the worms from the patients by medicines. 

He then made an extract of the patients' urine and in --- 

-j ected it into rabbits as in his previous experiment . - 

The rabbits were not at all affected by the injection. 

He therefore thought the anaemia was due to poisoning -- 

1 -,fir toxins secreted by the parasites. In ankylostomiasis 

there is .always catarrhal inflammation of the small in --» 

- test ine . Some believed that the anaemia was partly due 

to sameGatette entering the circulation through 

25. Ankiri ostomose in Pro ardel et filbert's Nouveau - -- 
Traite' de Medicine 



45 

through wounds in mucous membrane and then excreting _- 

toxins into the blood. Charleton inoculatjed the Z)erito- 

=neum and veins of a rabbit with repeated uoees of Baci- 

-11.us ccli. After some tiiue,the corpuscles in the blood 

becazae reduced to 25 % of their original number. He -- 

thought that ankylostoma anaemia could be partly ex'plain- 

-e d in this narrer. Castellani think that the anaemia - 

2f 

is due to three causes operating at tete sa e time -viz. - 

i) .The toxins -secreted h the parasites which rave the - 

power of destroying the red Mood corpuscles, ii) The -- 

actual loss of blood caused by bites of the worms.--- - 

iii) Secondary infection due to microbes. 

It has ?peen already stated that eosinojìhilia is --- 

well marked in ank7Tlostomiasis. Owing to the preserce of 

toxins, the bone marrow is stimulated to produce =osino -- 

p hil4 . The toxins also prevent the formation of haemo 

-globin and thus help in the production of a watery con- 

-dition of the 'blood. As a result of the diminution_ in - 

haemogloliin,the amount of iron in the liver is diminish- 

ed. 

Morbid anatomy On postimortam,the swollen appear--- 

of ankvlostm_ni- --arce of the body is seen to be -- 

-asis. due partly to fat and partly to -, 

gereral ocdazia. As a rule, there is some fluid in the --- 
25. Castellani & Chalmers' Manual of Trop;ce.l. T?Iedicine- 
2nd.. ̀ .Edit ione.Page .l JO8 . 



t}+?e peritoneal toY!ec`1l caZrj,ty. There may be fluid in the other - 
# # 

serious cavities. N2.ry of the organs show fatty degenera- 

-tion. The heart is pale and fatty. Usually the cavities 

are dilated. Sometimes the left ventricle shows some --- 

hypertrophy. 7a ndwith has noticed changes in T4ritral ^-- 
TT«lre ir 12 % of his ca.ses. Muscles are pale. Lungs are 

oedematous. Liver is pale and fatty. Kidneys also show- 

fatty degeneration. Spleen may be enlarged. Ranereas & - 

suprarenals are usually normal. 

Stomach often contains indigestible substances which -T 

were taken in as the result of depraved appetite. Its -- 

mucous membrane presents the appearance of chronic in--- 

-fl aL[7CtiA, t i on . 

Small Intestine. If the postmortem be iade within an 

hour or two after death,according to the degree of in--- 

fecti On,ci,n..K:srlostomes will 3^.e found adhering to the mu- 

-cous membrane cf the third part of the duodenum or in - 

the j ej uT° üLrk or sometimes even in the 

Later, i.a.t fter thirty hours,the worms will be found -- 

floating. in the intestinal contents, On washing the j e-- 

-j unui t and : l ei,i21:, tiìe MUCOUS membrane is found contract-- 

-ed. There si':ill be numerous spots of haemorrhage in the- 

Mucous membrane caused ,,y bites of the worms. Microsco- 
pic 

2r7. Sandwith's Medical diseases of Egypt- 7cl.I. 
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Eicroscopic examination of the mucous membrane of the 

small inte stine, shows infiltration with lencocytes, es--- 
. 28 
-pecially eosinop,hiles. L / 9 c'tA ̀̀ ~`` 

Diagnosis of Ankylostoiniasis. 

Definite diagnosis depends on the detection of the 

ova in the faeces. The worm is not found in the faeces - 

unless a medicine for expelling thé worms from the in ---- 

- testin.e has beer previously given. 

There are several methods of detecting ankylostoma 

infection. Theme will be discussed in detail. 

Methods of detecting the eggs in the faeces. 

1. Ordinary method is tomake a thin film of faeces on - 

a glass slide and examine under a low power. When the -- 

infection is severe, t'r e eggs can easily be found in this 

manner. 
29 

2. Fass' s Method. First take a fragment of faeces. Wash 

with water two or three times to remove some light par-- 

- tidies of dirt. Next wash with a solution of calcium --- 

chloride of Sp.gr.1050,two or three times. Then add Cal - 

-cium chloride solution of Sp.gr.1250. The eggs will - --- 

float or the top as their Sp.gr.is only 1100. The eggs - 

28. Ar_kylostomose in Frobta.rdel et CTilbert' s Nouveau ---- 
Trait,e'á.e Medicine. 

29. Royco tt' S Diagnosis of An.K,',rlostoTSIa Infection- Lancet 
March 25-1911 - 
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eggs car then be separated from crystals ard heavy deb-, 

-ris by centrifugalisin. I have found this method use- 

-ful Ln cases of mild infection- 
60 

3. Method of culture. Take a small petri dish,4 inch - 
deep. Put circUlaar fits of blotting paper about 22 inch - 

e s long and 1 inch high. Pill the dish with water near - 

-1 y to the level of the top of the paper and cover the --- 

paper with a thick layer of faeces. Incubate at 60"C to 

3F °°, f or from five to seven days. After this period, the - 

1 a rvae will have hatched out of the eggs an d swim in the 

clear water. They can easily be found by centrifugalis -- 

--ing the water. Pruns,who has investigated ankylostomia- 

-eis in Westphalia,has stated that by the method of cull 

-ture,eggs were found in 99 Q of infected persons,where- 

-as by ordinary methods,eggs were found only in 40 % of 

infected persons. 

31 
Pepper's Method. The principle of the method is that - 

the ova more than i,, ß, d of a.nkMrlGStorna. are ß e sticky .t1ci`'_ t1.îßS8 of --^ 

other parasites. Take a fragment of faeces which has - 

been sedimented. Place it on a slide for a few minutes. 

Gently immerse the slide it water. As the ova are sticky 

30.7oyeott' s lecture o_n. 'The Diagnosis of ankylostoma =- 
infeet , Mancet-March 25.1911. 
31 .Castellani & Chalmers' r,ia31ua1. of Tropical r<<.edicine- 
2nd.I:di t i on-Page 1310. 
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#sticky,the:r adhere to the slide. Eggs of Ascaris,tricho- 

-ae. halus d.; , if present it the faeces, are washed away- 

in the water. I have found this a reliable rethod. 

Telernann ` s Method. Take a anali portion of faeces and 

shake it up with equal parts of ether and hydrochloric- - 

Acid. Filtrer. Centrifuge & examine the bottom deposit. 
62. 

?lotting paper test. This was introduced ber Stiles. 

The test may be made with blotting filter or ordinary -- 

paper. It is as follows:- 

Fold an ounce or so of faeces in paper and allow to 

stand for several hours,tr!en unwrap and examine the pa -- 

-per for blood. stains. Stiles believes that it many ---- 

ca ses,owing to bites of the worms,traces of blood will-- - 

appear in the faeces. 

Examination of the blood. Foycott has attached great - 

importance to the examination of the blood. He thinks -- 

that in mines the examination of the faeces is not easi- 

-ly conducted. Ir some cases,he has noted that infected 

miners, in order to evade the cioctor,have given healthy - 

faeces for examination. He finds that if on examination 

of the flood of arty patient suffering from anaemia,the -- 

percentage of eosirophilis is above 10,there is a very - 

62. Stiles' article in Osier & -}v.-ae,ca0e-`,3 szrste.m of -- 

medicine. 
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vtery strong probability of his being subject to ankylos- 
`X 
\% 

'ï 4 

to1:iasis. Blood examination can be conducted easily. --- 

There is little chance of deceiving the doctor,as every- - 

specimen_ of Mood required for examination can be taken - 

by him. Boycott's conclusions with regard to the relation 
33 

between eosinophilia & ankylostomiasis are as follows. 

Increase in eosinophi is begins to show itself so early -. 

as three weeks after infection. Eggs usually are not - 

found it the faeces till at least seven weeks after in-- -- 

f ectio7? . Boycott examined 14F? infected Alen in Cornwall 
. 

The percentage of ecsirophils in a differential count of- 

500 lencocytes on a strained film,varied between 3 & 73 

1:39 showed more- 

than 8 % of whom 123 had more than 10 % and 49 more t hane 
34 

20 `,,the average of the whole number was 18.2 %. The --- 

most marked reaction seers to occur in young people who - 

have been only recently infected and may not have become- 

anaemic at all. In cases of longer standing,the number of 

ecsinophil s may be much less & in cases which have reach- 

-ed a severe degree of dnaemia,may be even less than nor - 

-mal. Ashford has shown clearly that the responsiveness 

of the narrow may be depressed or almost destroyed by -_- 

66.Boycott' s Report to the Secretary of State on 
ankylostomiasis by ex_ airation of the blood. 
64.Boycot t' s Tl- ,:eof Ankylostomiasi s Infection-Lancet 
March 25.1911 . 
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by long continued severe anaemia. Absence of eosinophilia 

was found in Porto Rico to indicate a bad prognosis. The 

effect of treatment or eósinophil is is very irregular. lar. In 

the majority of cases, starting with a marked eosinophil a 

the Iegoeytis gradually com_e3to normal or therea1 -outs as 

the worms are expelled ar. d. the patient recovers. In very 

anaemic persons, treatment may produce an eosir_ophilia - 

which subsequently declines. Fosirophilia is of ro value 

in gauging the results of treatment -or in ascertaining --- 

whether the worms have died out from an infected person. 

I think treat diagnosis by examination of blood alone is T 

not of use in tropical countries,as other parasites than - 

Ankyl ostoma cam only infest Tian and they also induce the - 

production of eosirophilia. I have noted several instan -- 

-ces, in which ascaris luunhricoi- is,and trich.ocephalus 

cL,,A,,,shav'e been present along with Ankylostona duodenale. 

Differential diagnosis. Ankylostomiasis has to be diffe- 

-rentiated rentiated from a) pernicious anaemia, h)Feriberi, c)--- 

Kidney disease, d) Kala Azar. Fach of these will be sepa- 

- rately considered. 

a) In pernicious an_aemia,the patient becomes extremely - 

weak and helpless. In ankylostomiasis,the patient is not - 

confined to bed ever when he has a high degree of anaemia. 

In pernicious anaemia,no benefit is obtained by the pa - --- 
- tients 
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patient's removal frorri one place to another. In anklo s 
` 

-tarfiiasis,ehange to a non-- infected area tends to produce 

a care,combir_ed with specific treatment. 

Examination of the blood.. In pernicious anaemia, the co- 

-lour index is 1 or about it. In ankylostomiasis, it is - 

low and becomes lower in proportion to the fall in hae- 

moglobin. Again eo sirophil i is markedly present in - -- 

ankylostomiasi s,but not so in pernicious anaemia. 

Poikilocs:tosis,normobla.st s and megaloblasts are more - 

marked in pernicious anaemia th.ar ir. ankylostomiasis. -- 

A'ain,the volume of blood in ankylostomiasis is twice --- 

that of the normal. The anaemia is due to the diluted ---- 

condition of the blood and not to a real deficiency.of 

the haemoglobin and red blood corpuscles,wl.ereas in per - 
65 

--riici.ous anaemia, there is real deficiency of haemoglobin 

Ankyiostomiasis is found in hard -working peasar_ts,where- 

-as patients suffering ring from pernicious anaemia are not 

fit for any kind of work. In pernicious anaemia,neither 

the ergs nor the adult worm ankylostoma will he found or 

examination of the faeces. 

b) Prom Peril >eri. In Beriberi,muscular feebleness is - 

well marked,but not so in ankylostomiasis. Again, in Peri 

beri,there is hyperaesthesia of calf Muscles together -- 

65. Anaemia in ankylostomiasis by Ro?rcott-P..J. Yov. 
9-1907. 
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together with absence of kneej erk. In a.nkylostomiasi s,-7 

the :tff!e+'j erk is normal and there is no hyperasthesia of- 

the calf muscles. Thirdly, in. Periberi,theere is numbness, 

especially in front of the l,,whereas numbness is -- 

entirely absent in an_kylost,omia.sis. In Reriberi, examina.-a 

-t;on of the faeces does not retrzal any infection _--- 

a.n kvl o s t o7J.E3 . 

From Kidney disease. In ankjrlClst^v7tlias i s, the patient -- 

passes urine freely. In kidney disease,the excretion of- 

urine is deficient in quantity. Again,the urine is pale 

and Clear and free from casts in r`ìnkylostomiasis,whereau 

the urine is cloudy and contains numerous casts in kid- - 

-ney disease. In kidney d.isease,r.o characteristic ova 

are found by examination. of faeces. 

d) From Kara Azar. The anaemia of Kala Azar is a sort - 

of Cachexia. In Kala Azar, there is enlargement of liver- 

and spleen. Fever is also a very constant symptom ir. ---- 

Kala. Azar,but it is not commonly found in ankvlostoDIias- 

is. Prostration is a well marked feature of Kala Azar -_- 

but not at all pronounced in ankylostomia sis. In Kala --- 

Azar t.,.- -._ c' -u-v , boâie s can be found in spl er s 

1:.,;.eg, or even in peripheral blood. In Kala Azar,ankylos -- 

-toma,ei Cher as ova or as worm, is absent in the faeces. 

1 
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Jage 53. 

"rum anaeraia due to .alari. 

In anaemia due to ualaria, there is usually -- 
enlargement of spleen. .:here will be periodical atacks 

of malarial fever. Luring the attack of fever, if a -- 

drop of blood be taken from the patient and alined under 

the ilicroscopes malarial purasites will -03 found. 

ononuclear luccytosis is found in l_alaria, where as --- 

eosinophilia is a marked faature in ankylpstomiasis. 

In malaria, the loss of haemoglobin is only in -- 

proportion to tie, loss.of red blood corpuscles, where as 

. in ankylostumiasis the loss of haemoglobin is far ------ 

greater. In ankylostomiasis, the characteristic 

will be found in the 

36. air Patrickmanson's manual of _ropical 

diseases. ourCh idition. 1911- -ae 722. 
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-- 
(lomplications due to the coexistence of other diseases, 

increase the gravity of the case. Prognosis is very - -- 

grave in. parturient women:. Even a small loss of blood - 

during delivery, is very badly borre by patients surfer --= 

-ing from a high degree of anaemia the strain -- 
3(1 

and exertion of labour may bring on heart failure. - - --- 

Patients nar die soon after the child is born. Postpa -- 

tuum ris not co mon_. Premature delivery is -- 

common. Children may be still born or may be born heap 

= -thy°. Sandwith says that in old people,the outlook gets 

worse every year after 50. in hot countries, the progno -- 

sis is also rendered serious as patients tients are apt to neg- 

-le t their health. Again,the chances of reinfection are 

very great. in_ warm countries. Prolonged illness leads to 

fatty degeneration of the organs. Patients suffering - -- 

from anxvlostomiasis have very little power of resistance 

and so they become easily susceptible to other diseases, 

such as bronchiti s,preumonia,tuberculo 
ç 
is and rheumatism. 

As intestinal_ mucous membrane is always inj ured in anxy- 

lostomiasis,ot, er pathogenic l'acteria,as for exa iple, -n- 

those causing ele eritis and typhoid fever,gain access - 

to the intestine easily.. 

In cold countries,t e disease is found usually among 

601. Daniel's Tropical Medicine & Hygiene, (l st.Edition) 
lTol e I I -Page 138. 
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a2lo2? g miners. The prognosis is fav oura rl e as they are =-- 

basily brought under treatment and the chances of rein-- 

-fection are also remote. 

Treatment. This may he dealt with under two heads- - -- 

prophylactic and Curative. 

Prophylactic measures. 

Dr.Castellani, in his Manual of Tropical Medicine,- 

thus sums up the preventive measures against ankylosto- 
3$ 

°-I117.cLsi s. 

Summary of preve ntive measures. 

Educational. 

Instruction of rich & poor with regard to the methods - 

of infection, symptoms, treatment & prophylaxis. 

Personal Prophylaxis. 

1. Protection of the feet. 
2. Protection of the hands. 
3. Immediate treatment of the eruption on feet or hands. 
4. Necessity of early treatment. 

.Public prophyl a.xis. 

1. Search for and treatment of carriers. 
2. Search for cases of the skin eruption. and treatment - 

of the same. 
3. Search for cases of anaemia & treatment of the same. 
4. Provision of .sanitary conveniences kept in good con - 

-dition and associatedw?th a good system of coasser ---- 
-vancy. 

These methods will be discussed in detail. 

3 %. Castellani & Chalmers' Manual of Tropical Medicine- - 
2nd .Fdi t i on -Page 1316. 



Educational measures. At Porto Rico, the patients' 

were given medicines and a card with instructions. On the 

card were printed the following 

1. Take one of the two purgativespto you tonight 

(sodium sulphate). 

2. Take at 6 A. M. tomorrow half the capsule (all 

the capsules equal 45 to 60 gre. of thymol or 23 to 45 

grs. of B naphthol). 

3. Take the other half at 8 A. M. the same morning. 

4. Take the other purgative at 10 A. M. 

5. You should neither drink wine nor any alcoholic 

liquor during the time you are taking these medicines. 

6. Come for more medicines until the physician says 

you are cured, 

7. Have a privy in your house. Do not defaecate on 

the surface of the ground but in the privy. 

8. Do not walk tare footed so that you may avoid 

catching mazamci in your feet. Wear shoes and you will 

never suffer from anaemia. 

Much good can also be done try delivering 



illustrated popular lectures giving in detail the main 

signs of the disease the great suffering induced by it 

and also the results of successful treatment. 

Sir Patrick Manson outlined a sanitary scheme 
39 

to stamp out this disease. The details of the scheme 

were 

(1) In villages or districts infected with the dis- 

ease, a headman should be elected who would be responsi- 

ble for carrying out local measures. 

(2) The headman should be made responsible to the 

Surgeon who in turn should be responsible to the Surgeon 

General of the colony. 

(3) There should be a Special Inspector General to 

deal effectively with sanitary methods to be employed in 

warding off the He should supervise a group 

of colonies and be responsible to the Secretary to State. 

Personal Proph r1ax.is . 

1. Protection of the feet. Wearing boots is a very 

efficient protection for the feet. For coolies, this is 

not possible. By dipping their feet first in a bucket of 

3'Medical Annual- 1910 



tar and then into a bucket containing fine sand, they get 

a good coating of tar cn the feet which serves as a pro- 

tection against the entrance of larvae. 

Protection of the hands. Hands should be thoroughly 

cleansed with soap and water before they are used for 

partaking of food. 

Immediate treatment of the erupt ion on feet cr hands. 

Early treatment will check the progress of the disease. 

As soon as an eruption has appeared, it should be painted 

with a solution of Salicylic acid in collodion (i in 6). 

If patient be seen only a few days after the commencement 

of the eruption, he should be ordered to wash the affect- 

ed part with weak carbolic lotion (1 in 100). The vesi- 

cles and p should be incised and cleaned with (1 

in 40) carbolic lotion. Next the whole part should be 

dressedvv+-[t-A" soaked in carbolic lotion. Por itching 

Dr. Castellani recommends the following ointment: -- 

Acid salicylic 

Zinc oxide 

Vaseline 

gr. V 

3r 

The affected part should be dressed twice daily. 

Internal treatment should also be at the same 

time, in order to expel the worms. 



Public proph riaxis . 

1. Search fortreatment of carriers. This is 

very important as the carriers if left untreated will 

serve to transmit the disease to healthy individual. 

Search for cases of skin eruption and treatment cf the 

same. In some places, many of the patients suffering 

from the disease give a history of skin infection. Hence 

early recognition and treatment of skin eruption will 

check the spread of the disease. 

Search for cases of anaemia and treatment of the same. 

Prompt measures for dealing with all cases of anaemia 

will tend to root out ankylostomiasis. 

Provision of sanitary convenience kit in gçod condition 

and associated with a good system of conservancy. This 

is the most important prophylactic measure. By attention 

to this, the disease has greatly been checked in various 

countries. 

40 
Genet °al prophylactic me asures adopted in mines. The 

principles to be observed are to disinfect the mine, to 

prevent their reinfection, to cure those who are ill and 

to protect the healthy from contracting the disease. 

40. A--,--k.Are.tYS/n, -1,¢- 
: 

-Q. à ,/l,e.. c--- Î ..: e: cf%. 9...Q`9-e-``..` 



Disinfection of the mines. At least some parts of the 

mine can be thoroughly disinfected. The substances used 

for disinfection are, Whitewash, 5% solution of lysol or 

a solution of ferrous sulphate. Dilute solution of sul- 

phuric acid is useful. It is found naturally in some 

mines. Ex. Kreriitz . These are free from ankylosto- 

miasis. By lcwering the temperature of the mines ,:nd re- 

ducing moisture, much good can be effected. In damp 

mines, there will be water-pools and accumulations of 

mud. Mud should be removed in buckets. Water from pools 

should be collected by means of channels and pumped up 

and emptied. 

Improved methods of ventilation will lower the 

temperature. Miners should not be allowed to defaceate 

underground. There should be good latrines above ground 

containing receptacles with lids. Near these, whitewash 

should be kept ready. Special men should be employed to 

see that the whitewash is put into the faeces soon after 

defaceation. Workmen should be given pure drinking water 

and also sufficient water for washing their hands before 

eating. Gui*art suggests that there should be dressing 

lavatories. In each lavatory, there should be a big hail 

with several cords hanging from the roof with hooks to be 

let up or down by pulleys. Going down, the miner puts 



off his clean clothes, hooks then to his cord, pulls them 

up to the roof and puts on his working clothes. Leaving 

work he takes these off, goes into washing room, cleans 

himself quickly by a .:.r and puts on his hot'' 
clothes in the dressing room. The advantage of an ar- 

rangement like this is that the chances of the workman 

carrying contagion when he goes out of the mine are small. 

Attached to mines, there are special dispensaries for 

treatment of ankylostomiasis. All the men who are ill 

are sent there. Before they return to work, they have to 

produce a certificate that their faeces had been examined 

microscopically and that there were no ova in the 

faeces. 

General prophylactic measures. I have already men- 

tioned that the main source of infection is the indis- 

criminate deposition of contaminated faeces. Persons 

should not be allowed to defaceate on open ground. Depo- 

sition of faeces in shallow cesspits i.s not very objec- 

tionable. In these cesspits, some flies (for example, 

Sarccphagidae), deposit larvae. These larvae eat up the 

eggs and larvae of ankylostomes. If cesspits be made of 

brick or cement, owing to the impervious nature of the 

material, larvae cannot develop and they die. In places 

where the faeces are conveyed to septic tanks, the 



larvae are killed by the bacilli which abound in the 

tanks. In the process of making pondretre from the 

faeces, the eggs and larvae of ankylostomes are complete- 

ly destroyed. A pure water supply is necessary in places 

where ankylcatomiasis is prevalent. It is a safe rule 

to use only boiled or filtered water. Farm labourers, 

brickmakers, miners and all those who, by the nature of 

their occupation, are likely to get their hands and feet 

contaminated by soil or clay, should wash thoroughly 

before partaking of food. Whenever possible, those who 

work in the fields should wear boots and putties. Night 

soil should not be left exposed, but should be collected 

in privies or trenches and properly disinfected. The 

measures adopted for combating the disease in various 

countries with the results obtained will now be described. 

Measures adopted in Westphalia. The disease was im- 

ported into Westphalia by miners from Hungary. In 1897, 

Government passed a regulation by which all foreigners 

who applied for work in Westphalia were examined for 

ankylostomiasis. Those who were found suffering from 

the disease were excluded. In 1900, another regulation 

was passed forbidding employment cf miners from Belgium 

and Hungary. On investigating the disease, were.,,wa 
A / 

(1) Soiling of the ground by human faeces which 



contained ova. (2) Range of temperature of the mines. 

(3) Moisture of the ground. 

Measures adopted to check the disease . Periodical 

examinations of all the workmen employed in the mine 

were made on pay days. Those who were found to be suf- 

fering from anaemia, were sent to hospital for treatment. 

Ventilators were introduced. These served to lower the 

temperature of the mine and thus retarded the develop- 

ment of larvae. A few good privies were constructed 

underground and men were enjoined not to pollute the 

ground. Instead of a common tank at the surface of the 

mine in which all the workmen washed themselves shower 

baths were introduced. The receptacles used in the 

privies were vessels of galvanised iron and provided 

with a lid. The disinfectant used was milk of lime (i in 

4) . Another plan of disinfection adopted was to keep 

some water in the receptacle. Floating on the top of the 

water was an oily disinfect nt,so that as soon as the 

faeces were passed, they were covered on the surface with 

a film of the disinfectant. This plan destroyed the 80041a- 

of the faeces and also destroyed the ova. General dis- 

infection of the mines was also attempted. Milk of lime 

4°. Report on Outbreak of Ankylostomiasis in Westphalian "' Collieries - page 7, by 3.S. Haldane. 



was pumped from a large iron vessel through a hose. Pre- 

cautionary- measures, together with effective treatment, 

caused a marked improvement in the health of the miners 

in Westphalia. 

41 
The following table shows this conclusively. 

No. of infected men. Per cent. 

May - October 1903. 14548 100.0 

February 1904. 3663 25.3 

November 1904. 3288 22.6 

October 1905. 2352 16.2 

December 1905. 2103 14.5 

January 1907. 1366 9.4 

August 1907. 1111 7.6 

April 1908. 895 6.2 

March 1909. 749 5.2 

Masurs,ectf*JA-ed--111-Cz-rnwa.1-1 . 

Measures ado tp___ed do apted in Cornwall. The men who were 

actually sick, were treated by doses of thymol. When 

they improved in health, they returned to duty to the 

infected mine. In some cases, there was re- infection, 

41. Boycott on Ankylostoma Infection Lancet - April 1, 

1911. 



Whenever there was re- infection, the treatment was re- 

peated. Sanitary reforms were also introduced into the 

mines. The Home Secretary for Mines passed the rule that 

The owner, agent or manager shall cause a sufficient 

number of suitable sanitary conveniences to be provided 

above and belcw ground, in suitable and convenient places, 

for the use of the persons employed, and to be constant- 

ly kept in a clean and sanitary condition and no person 

shall relieve his bowels belcw ground elsewhere than in 

those conveniences.' In 1904, new pails which could be 

easily taken out and cleaned, were introduced. In four 

years, the number of men who were disabled by ankylosto- 

miasis became very few. 

In some mines, the want of moisture and suit- 

able temperature prevents the spread of ankylestomiasis 

Ex, In West Kitty Mine at St. Agnes owing to cold and 

dryness of the mine, the larvae could not thrive. On 

examination of the miners,Boycott found only one man in- 

fected. He was a man who had just returned from gold 

mines in Mysore. Some mines contain salt water which 

kills larvae. Thus the immunity of the Levant Mine at 

St. Just, in spite of its having the required temperature 

and moisture is said to be due to the salinity of the 

waters In the Transvaal, the water in the mines contains 



acid water (sulphuric acid from decomposing pyrites). 

The larvae of anylostorna are killed by 1% 

sulphuric acid. The water in the mines contains more 

than this quantity of acid and so the mines are free 

from this disease. 

Measures aduted in Porto Rico. Ashford who investi- 

gated the cause of anaemia in Porto Rico, discovered that 

it was due to Ankylostoma infection. In 1904, a com- 

mission was appointed to investigate the extent to which 

ankylostomiasis prevailed in Porto Rico. On examination 

it was found that at least 90% of the peasants were in- 

fected. The peasants were mainly exployed in coffee 

plantations. They used to defaceate in the open space 

near their houses. They never used boots. The soil 

near their houses was found permented with the ova of 

the worms. The commission treated 5490 patients in 

1904. 0f these, 48% were cured, 31% improved, 1/2% died 

and the remainder could not be traced. They next start- 

ed dispensaries in different parts of the island.Patients 

were examined at these dispensaries, they were given 

suitable medicines and a printed card containing instruc- 

tions. The instructions contained in the card have al- 

ready been referred to in this paper. The patients 



continued to vi sit the dispensary till ttvVre absent - 

in their faeces. The work done dur dry, t years 1904-09 

is summarised in the following ta11e» 9- 

OM a* 

Ttl 

New patients 
visited, 

No . of 
visits. 

No . of 
deaths. 

Amount spent . 

£ 

1904-05 5490 22000 27 991 

1905-05 18855 76896 67 2162 

1905-07 89233 425131 193 9823 

1907-08 81375 472407 93 11390 

1908-09 54725 305598 46 6472 

Tota1. 249588 1302032 426 £30838 

POyc Ot t on Ankyl o s t oma. Ir fe t ion- Lan ce t -Apr 1,1911. 



In Ceylon infected faeces are mixed with coir fibre and 

burnt in small incinerators. 

Curative treatment. The drugs used are Thymol, B 

naphthol, extract of male fern, euculyptus and chloroform 

mixture. 
4 D 

Thymol is the drug which has been used on a 

very large scale for the treatment of ankylostomiasis. 

Bozzolo introduced thymol in 1880, for the treatment of 

this disease. There are several methods of administer- 

ing thymol. 

Guiart's method. Put the patient on milk diet for one 

or two days, then for three consecutive days, give him 

two to three cachets each cachet containing one gramme 

of thymol. He has to take these early in the morning, 

on an empty stomach. An hour's interval should elapse 

between taking each cachet. If his bowels have not moved, 

he should be given a purgative five or six hours after 

taking the last cachet. This treatment should be repeat- 

ed on three successive days. The faeces are examined 

for ankylostonaiasis on the days in which he takes medi- 

cine and also on the fourth day. If at the end of a 

week, faeces should contain ova, the treatment should 

be repeated . 



Treatment adopted yat Porto Rico 43 30 grammes of magne- 

sium sulphate are given in the evening. Next morning, 

patient is made to rest in bed and at 8 A.M. , he is given 

2 grammes of thyì of , in. capsules on an empty: stomach. At 

10 A.I. a second dose of two grammes is given and at 12 

noon, a second dose of salts (30 grammes of magnesium 

sulphate) is given. 

Schultz's method In the evening, a dose of magne- 

sium sulphate is given to the patient, on an empty sto- 

mach, 60 grains of thymol, divided into two portions and 

mixed with one third the quantity of milk sugar. The 

mixture is given in two doses, with an interval of two 

hours between each dose. Another purgative is given two 

hours after the last dose. 

Nicol's method. He advises three doses of thymol of 

30 grains each, at two hourly intervals. He found this 

method most effective in getting rid of the worms, He 

found that after the first treatment 97.8p of the worms 

were expelled and after the second treatment, all the 

worms were expelled. 

43Ankylostomiasis in Medical Annual, 1909. 

411 
Do. Do. 1913. 



Stiles' method. The evening before the thymol is 

given to the patient, a dose of magnesium sulphate or 

soda sulphate is given. This is to remove the mucus 

which serves to fix the worms to the walls of the intes- 

tine and which serves to protect them. Next morning, 

the patient is given 30 grains of finely powdered thymol 

in capsules and the dose is repeated two hours after. 

A dose of salts is given two hours after the last dose 

of thymol. 

Sandwth's rethodi Patient is given 1 gramme of 

thymol at 6 P.M. when he is in bed. Next morning at 6 

A.M. , he is given another gramme and at 8 A.M., he is 

given 30 grammes of magnesium sulphate. For the rest of 

the day, he is kept absolutely at rest.. At first, Dr. 

Sandwitn used to give a preliminary purge, but he found 

this tended to exhaust the patient. 

I have tried this method in over fifty cases, 

with very satisfactory results. 

Treatment 
etz 
i eornyall. A purgative of calomel was 

given in the afternoon to the patient. Next morning, he 

was given three successive doses of 30 grains each of 

417Stiles' s article in Oslen & Macrae's system of 
,Medicine, 

Medical Diseases of Egypt, Vol. I. 



thymol, as emulsion or in capsules at intervals of two 

hours. Patient was kept in bed and had no food except 

tea or coffee. After the last dose of thymol, another 

purgative was given. 

Dosa :e of thymol. This should be, in proportion to 

the age of the patient. The Porto Rico Commission, who 

treated cases of ankylostomiasis, fixed the following 

doses. 

Age 

Por children under 5 years. 

Between 5 & 10 

9 9 

9 

Above 60 

10&1ñ 

15 & 20 

20 & 60 

9 9 

9 9 

9 9 

9 1 

9 9 

Amount of thymol. 

7.5 grains. 

15 grains (one gramme). 

30 grains (2 grammes). 

45 grains (3 grammes). 

4 grammes (60 grains) . 

2 or 3 grammes. 

Contraindications for t mol. Thymol should not 

be given to patients who are weakened by exhausting dis- 

eases. Pregnancy, advanced cardiac or other organic 

disease, a tendency to vomit, anasarca, chronic diarrhaea 

and dysentery are also contraindications. 

Precautions to be observed while adrninisterir ,thEmo1. 

Patient should be kept in bed quite at rest. Castor oil, 



alcohol, ether, chloroform, glycerine, turpentine and 

oils generally are solvents of thymol and so they should 

not be administered soon after. thymol. If a patient 

becomes collapsed soon after taking thymol, he should 

not be given brandy. Strychnine may be given hypodermi- 

cally. Coffee can be given by the mouth and hot water 

can be injected through the nectum. 

Sympt.or.2s ,of th ÿmol oisoni2l Temperature is lower - 

ed by i c or 2 c. Both pulse and respiration are slowed. 

Patient becomes giddy and faint. He may be collapsed. 

As a rule, if kept in bed for a few hours, these symptoms 

pass away. 

Treatilent B nuAthol. 

Cast ellvi ̀ s method <`41 Patient is first given a saline 

purge. He then fasts for 3 hours. Eight or nine hours 

after the purge, two doses of 1 gramme each of B naphthol 

are given to the patient. The last dose of B naphthol 

is followed two hours later by a purgative (senna infu- 

sion with 30 grammes of sodium sulphate and 30 grammes 

of rhubarb infusion) . The treatment was repeated at the 

Lt1 Medical Annual 1909 - Ankylostomiasis, 



expiry of a week. Castellvi treated 33 cases. His re- 

Malts were 

Two were cured after one treatment. 

Nine 

twelve 

six 

Pour 

9 1 

1 9 

1 

1 9 

two treatments. 

three treatments. 

four 

five 
1 1 

Nicol's method!-15- He gives three doses of B naphthol 

(30 grs. each) at interval of two hours. He also gave a 

purge before and after administration of B naphthol. 
B naphthol has been used on a large scale among the 

Indian coolies to free them from parasites before they 

enter Natal. It has been found that 90 grs. of B naph- 

thol had the same effect as an equal dose of thymol as 

regards expulsion of the worms. 

T have tried B naphthol in small doses, but I 

have not employed it in large doses as advised by Nicol. 

As regards the power of expelling worms, I have found it 

to be inferior to thymol. 

Manson's method. Sir. Patrick Manson first introduced 

W Medical Annual 1912 ® Ankylostomiasis. 



the eucalyptus, chloroform and castor oil mixture for 

treatment of ankylostomiasis. The formula is as follows. 

Eucalyptus oil eucalyptol 

M 45 

01. Ricnii - 3 

This is divided into two doses. The first dose 

is given early in the morning and the second dose is 

given half an hour later. Sir Patrick Manson has. found 

this mixture to be far safer than either thymol or B naph 

-thol. I have tried this mixture in many eases where 

owing to extreme debility, I could not give thymol. I 

have also found it very useful in treating patients who 

have disease of the kidneys as a complication. 

According to Sir. Patrick Manson, the essential 

ingredient in the mixture is chloroform. Some patients 

cannot tolerate this mixture. The action of this mixture 

is facilitated by giving a dose of magnesium sulphate 

an hour after the second dose of the mixture. 

Extract_ ofmale fern. This drag is used on a large 

scale on the continent of Europe in treating ankylosto- 

miasis. 

The best way of administering it is as follows: 



-ing 

75 

ntto,voz and Lambinet's treatment at Liegp.49 

In the evening the patient takes a cachet contain- 

Jalap. 
Cai. omel . 

. . & 

aa 0.25 gr. 
.. 

The second iki,wr, i n the morning he swallows eight cap-- 

-suî.es,ea.ch containing 0.50 gr. of extract of male fern, 

and after one hour,another eight of the same kind. 

The pati/ent must take care to stay in bed to avoid 

nëìusec`l.,Z*o7:.11.':i31g,?idCl?nes:3,&c. 

During the morning,he will take some very strong --- 

tea or coffee and at 2-P.M.a l-ight but substantial meal- 

of soup,bmefsteak,eggs or vegetables.. After a. day's ---- 

rest he sGrallows,fasting,the following ctraught,which. he- 

will take at two tienes with an hour's interval. 
Ethereal :extract of male fern. 4 grammes. 

Pure chloroform. .. 2 

Crlyeerine,nputra°4.. . 99 40 90 

He stays i31 bed till 2-P.M. and then can ï.,reakfast. 

This treatment has to he repeated generally two or three 

at intervals of a week or a fortnight. 

49 Ar_kylostaaose i,, Rrotiardel et Gilbert Nouveau 

Traite' d4 Mdeci2le 1906.izT.p. 



Izal* has been tried in large doses and found effective 

in expelling, the worms. 

Treatment by C!olifor:n raccina. 
v 

Captain Archibald has treated one case of acute --- 

Agchylostomiasis by means of an autogenous vaccine of a 

coliforn organism which he isolated from the faeces of M 

the patient. The patient received an injection. of 500 ---- 

million organisms. Fire days later,he was given an in---- 

-j ect i On of 1000 million. He was given a third injection 

after another week. The patien t showed improvement soon- - 

after the first injection. The conclusions arrived at by- 

Captain Archibald are that, in some cases of severe anky- 

lostomiasi s, symptoms nay be due to absorption of ]ntesti- 

-Anal organisms and their toxins, and that in such cases, - 

injections of vaccines of the coliform organism are at - -- 

tended by highly beneficial. results. 

In all these,after expulsion of the worms, some nrepa - 

- ration of iron Should be given to combat the anaemia, My 

Own experience has shown me that of all iron salts,1erri -- 

et Ammonii citras is the best and most agreeable to the ,- 

patient . 

Put the treatment of this disease has recently taken 
To 
Journal. of Tropical Mtdicine & Hygiene-September ï ---- 
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taken a new turn, suggesting 1hrillianfi possi oilities for 

the future. After the immortal Pasteur had revolutionised 

the medical world as to the causes of j utrefaction,the - 

famous exponent of his theory. Professor Metchnikoff,1 y 

his laborious researches,proved that intestinal putrefac- 

-tion had a ,great deal to do with the causation of di-_ -- 

seases i.r. general. It is well known that his advocacy of 

the sour milk treatment to cormrat intestinal putrefaction 

was the direct outcome of his researches in this direc ----- 

- 'Dion. 

Later,4i':i.li iarm P.Hur.ter showed 'ay his resemarches, ti-ta.t- 
E.a,.Awr.:w- 

intestinal toxaemia played anaemias in general, He accor- 
M1 

-dir_f4Tr proposed strict attention to hygiene of the mouth 

as a preliminary treatment of all kinds of anaemia. 

na,ptain Archiñal_d,foll.owing up the line of investiga- 

- tiara .suggested Hunter,carne to the conclusion that - 

lntestinal. toxaemia was a materia.l factor in the produc- - 

--tion of an:KVIOstOmlias].s. In the course of his researches 

he succeeded in isolating a coliform organism from the -- 

faeces of a patient who was suffering from?m acute an1Cl:`.los° 

- t:.omiasss. On making an autogenous vaccine of this orga- 

--nismn and injecting the patient with gradually increased- 

doses,he was al-de to afford materia.l relief to the patient. 

{ "ide Journal of ^'rol:ical. Medicine & Hygi?ne-Seiatem^er 
1,1915., 

., 
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Tesides vaccine therapy,which has been,before the -- 

Medical World for some years, there is another new branch 

of the Science which is also fraught with much promise -- 

for the relief of suffering humanity. I refer to ai.10,- 

The markedly 'beneficial action of Kina .yme,a.nd Lym- 

phoid compound and Otratrïnoid compound, in the treatment of- 

tL.b°rculosis, noitre and disorders of inen. struat ion, is nor- 

a.-daTrs very well known to every practising physician. In 

-the present state of our 1Qnowl°dge, there is reason to -- 
hope that further development of organo therapy will lead 

to the discovery of some remedy for co;ni'?atin.g 2r.niC4rlosto-- 

-miasis, the serious economic consequences of which is en- 

-gaging `he attention or political and medica1. au+hori.--- 

-ties in several parts of the world. 



Summary of Thesis. 

.Ar investigation of this disease is important ,as this is 

one of the most common causes of anaemia in. the tropics. - 

This observation applies with special force to Travancore 

which is an caricultcral country and which,geological)fir, 

is of a nature favourable to the prevalence of the di - - -- 

-sease. This disease has teen recognised by Medical men - 

from ancient times, in Egypt and India. 

It is now found to ?-e prevalent in Central & Sou--- 
o 

-therr T.urUpe(T'ide Page 5- ) ,but rot found above 

Lat. In Asia-Cases have occurred in Japan,rurmah,Mala;;r - 

Archipelago,Ceylon and several parts of India,including-- 

Trava rco re . 

In temperate cl ima to s, the disease is found only in- 

Mines. The colder the clnate,the less virulent the at- 

-tack of the disease. There are three kinds of parasites 

belonging to the species Anky).ostomum,which produce the - 

disease. Of these,Arkylostorna duodenale is the commonest 

in Travancore and other parts of India. TTecator America- - 

-nus has beer observed in different parts of India,but -- 

only very rarely in Travancore. Ank3rlostoma Ceylanicum - 

was first recognised in 1913.( 'ride 4ara Tabular State- 
- inent -Page4 i (,< t e ) 
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r _LaT)l.LLfte-eata te- 

Devel opiner t of the parasite is 'briefly thus:- 
The female lays the eggs in the intestines of the 

host which develop into larvae. These larvae undergo four 

successive ecdyses. ( "ide Page-sig -,1q). 

'por infection of man, the larvae should have at --- 
least na,ssed the second moult. Experiments have shotivn. - 
that direct infection from iron to man is impossible. 

Air,;no isture and warmth are necessary for the development 

f larvae. Hence it is impossible for the eggs to hatch- - 

while in the intestines of the host. Some antiseptics 
readily destroy larvae. Coznnon salt is one of the eor_tn-nor_- 

est things that has this action. 
Infection may be in two ways; i) by the skin,ii) by 

the mouth. 

Infection by the skin is by far the commoner. This 

fact accidentally discovered by Professor Looss. 
His experiments have gone to determine the mode of infer- 
--tion. ( vide Pages 2S'- 1-(( -) , 

The 'possibility of skin infection is confirmed by 

the analogy of ground 'tch,common in se' oral parts of - - 
India. Skin eruption caused by this parasite is common -- 

enough 
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'enough in mines in Europe,but not common in Egypt or - -a 

Travarco re . Probably this might be due to the fact that 

common people and coolies walk about 'hare- footed and so 

develop hardness of skin. Originaîly,infection by the -- 

mouth was considered to be more common than infection by 

the skin. It was this kind of infection which Perroncito 

observed in St.rrothanoLTunnel. 

This kind of infection is co 'non enough in T ravan- 

-9 core . Infection is generally carried by eating with - -- 

dirty hands. Flies may also carry infection. The disease 

is found only in places where there is n.o proper provi -- 

si.on. for disposal of faeces and in localities where the 

climate is damp. Luxuriant vegetation,especially shrubs 

protects larvae. 

Opinions vary and are sometimes contradictory in -- 

regard to the frequency of the disease according to the - 

age or sex. 

In Travancore,the disease mainly affects farm la ---- 

-bourers and coolies engaged in the construction of mud 

walls,which usually surround homes in many localities.- 

Symptoms produced by the parasite vary according to 

climate being mild in temperate climates and more grave- - 

in the tropics. The disease develops characteristic symp- 
-t orn s 



b ririptems when it affects various organs of the body.(1ric e 

Pagel 35 -i . Puffiness of face Ica, o edema under the eye -lids- 
and pearly white conjunctiva,are a gong the comon_ signs -- 
cf the disease. Different views are held by different au- 

°- t ho r i t, _i. e s as to the causation of the anaemia by cîn îCyl o s- 

-toma. Dr.Castellani's view appears to be the most accep- 

-t abl e . 

Diagnosis is commonlz.r rna.de by recognition of the -- 

oz4 

a, a s worms appear ;n faeces only, if expelle c by medi- 

- -ne. 

AnxylostoL'.iasis is sometimes confounded with perni- 
,. a-...,._`c. 

- cious apaer:!i a, beriberi, ì:icane,y diseases and Kala AzFi,r, ti ut,-4;4 
the ova, if obserneCi, CieciCie the case. 

Prognosis is had in old people arti pregnant women. 

Crenera,lly,prognosis is graver in tropical cour.tries,as -- 

the people }:atieless power of resistance. 

Treatment of the disease may be considered under -- 
two heads:- 

i) Prophylactic, ii) Curat1ve. 

Prophylactic measures fall under 3 classes : - 
i) rducati oral . (Instruction of the poor in regard to 

the rature of disease and conditiors of infection) . 

ii) Personal. For exariple,protection and cleanliness 
as regards 7ar.ds,feet &c.) 



iii) Public. (Precautionary measures to be adop+,ftd, 

nor example,agair:st faecal contamination.) Different -- 

measures have been adopted in different countries,for -- 

combating the disease,with varying results -( 7ride Page ) 

ii) Curative ve treatment . 

Several drugs have been used in treatment. Of 

these,thynol has beer found to be the most useful in - -- 

practice for expelling the worms. 

The treatMent by Col'wforl:l 7a,ccine is still on its-- 

trial. When the wor°a s have been expelled,anaemia has T 

to be combated by some preparation of i roni./ 

Perri et Ammonii Citras has been found in practice 

to be the best and most agreeable to the patient. Put -- 

apart from all this, the treatment of the disease has a-- 

brilliant future in the new possibilities suggested by -- 

the researches of Capta.in. Archi ba.l.dr ( Journal of Tropical 

Medicine & Hygiene. Sep4 i. i9f3 )who,no doubt,:2ust have -¡- 

been ber.efited by the views of Hunter on the causation - 

of ara,emia, t,hro ugh intestinal toxaemia. 
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food, hating cold, with his hairs falling out, 

digestion impaired, tired in the thighs, feverish, 

breathing hard, attended With singing in his ears, 

giddiness and exhaustiala . 

2 \æst symptoms ( or yea(7u am) observed ªefore - -- 

actual identification of the disease by standard 

s3rmp toms. 

22;rIp a1a83a- &2iJa2as}aaJalam 2}ke\iat\tv acni 

22I:mIi2 y\tamï %2at7am e7eJ\lhiam-sa sahn it/ 

«erse 8, hapi,er -111. 

2ransl ation. 

le first symptoms of the disease are: - 

Palpitation of the heart roughness of the skin, loss of- 

appetite, yellowness in the 'urine, obstruction of 

perspiration, weak digestion. 

ragbhata says tat this disease may arise from -- 

among other things, eating earth. 

-cree 7 :_.: a y%e2 :111 

2. =araka, who lived in e first century &, P. is 

the most ancient authority in tin du medical science. 

Zis views as to the symptoms of the disease are given in 
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in verses 1.j) to 14 chapter 2C .Th_ikisitasthanay. 

charakasamhita. here is a F;eneral agream.ent between. -- 

his views and those of vabbhata. -:oth agree also in -- 

thinking that eating earth is a cause of the disease, 

3. :Jusruta who cannot be placed later than the fourth-- 

century A. D. considers eating earth as one of the 

first syHptc.ms (pragrupam) of the disease and not a 

CcL s e 

Terse 3 dh: 

ttarasthanam, :::usruta samhita. 



'_:reataent of anlsylostomiasis accordinq to _indu medicine. 

Boil galls in cow's urine till the urine has 

completely evaporated. ( for 100 ;a110, 48 ounces of--- 

ców's urine are recuired). 'Luke the kernel out of the 

he covering of the gallnuts which has a ---- 

layer of solid constitants of cow's. urine, is finely. --- 

powered.for adults, the dosa of uowder given is 37 

Erains. Tho powder is adminstered in warm butter milk 

twice a day, for a fortniffnt al is have the power of "' 

Loy jot.- l)1.4.51.-- 

exp ailing worms. l'urified sulphate of iron,is !j_ven 

afterwards to comba the anaeHia. lue preparation of 

iron is ziven a fortnir,'Ilt 



Illustrative cases. 

1. A. 25, nairmother of thraa ci1draî , G1.2 

of whom is suffering from anhylostomiasis, .,as 

comfortable liome . he lives in a!-]. 

he had been sufferin from pain in striu. 

power of dicestion was very poor. h.2 1ia fli.JTT;; as *- 

if somathinT:; iler inside. :d.st ce for -- 
treatilant on 15-8-12. On- exarAination 5h.3 ';:as not - 

markedly anaenic. ,.:he had only die tive trouble, .ha 

was treated for dyspa-p-Sia but did not derive any Ileflefit 

:xamination of face s revaled n,any ova of ,. Dijodrialc- 

Ihe was given four doses ofAnar:.)hthol of 1 ,ra1.1.e 

followedth waY7te given. at intervals of a week. t the 
0- 

and of a month she felt :111c:] batter, and tdiera we no 
ova in the f_taces. In anohe4.two months, she was 

co]Tletely restored to health. 

-se 2. T. 2C. 1..raluiiin, student, Patient contract_d 

the disease while residinr; in an unhealthy locality. 

e had mainly di3stiva troubles. ) was -dlitted on 

25-10-12 m was given two courses of thymol, at --- 
intervals of a week which expelled all the worms. 

anaamia as not severe. On adnission he had .5V' .1o. 

After treatJant for 

health. 

savan weeks the haemoglobin rose to 

Pliera was also :rcat improvement in his fr--eneral 



Jase 3. Ol.is°i>h- 32. :°.dr,ii f,ted on 31-12-'13 came for 

tr ̀;at:ier1t on account of anaemia along with digestive --- 

troubles. He was living i:n an unhealthy locality and 

working in the fields. kt first he had depraved 

appetite, but later on, he -fol-ind h. was not able to ---- 

digest food. `e got three courses of thymol treat- 

ment rom which he derived !Treat benefit. .rrors of --- 

di evt were attended to e was given medicine with the 

object of promoting-digestion. ow at the expiry of two 

months, khe has shown great improvement. or combating 

the anaemia _ =oiïu_iel' s _: aemato;_jen was found u,:eful . 

Lase 4. ;bdullah. 35. alaomeda,n. ;ame in for treat 

ment for anaemia a(ld palpitation on 16 -9 -12. _"e noticed 

he was getting pale about 6 months ago. radially he 

became weak and unable to do work. ..previous to this, 

he had been in sound health. 

>ocial condition and habits. _:.e lives in a sandy -- 

locality. the soil is dirty. '_e has built mud walls. 

he has also done cooly work. =-amily history is 

satisfactory. On examination he is fairly well 

built . skin has a yellowish tinge. Oonjunctivae 

pearly white. hips and gums very pale. kppetite 

very great. he used to eat sand and broken bits of 

earthenware. _load watery. __aeirioglobin 15 he had 

palpitation on slight exertion, but no bruit. fter -- 
four doses of thymol at intervals of a waek, ankylostoriia 



disappeared from the feces. e was also j_ven iron anO. 

digitalmi-- 7n two months he was ::oeatly ilaproved in -- 

health. 

Case o. 5. . 39. ,dmitted on 3,-8-12. ooly 

complaint palpitation and anaemia. tate c7 adission. 

patient poorly developed. 7-as puffiness iLnder Jy2lids. 

Come swelling on the dorsum of both feet. r ace very pals 

Lips and gums white Tongue whi te. 1:avenous a.,oetighte, 

feels gnawing pains round unbilicus. 

Jirculatory system. Blood watery "1,!. lu 

0. 7,50,0001 1)ain over praecordia. 

Pbilse ervous system. Patient has slight headache 

numerous ova of ankylostome found in the faeces. Fe 

was given two courses of BlInagththol one gramme each and 

two of Taymol two grammes each. VVC remained in 

AosDital till 15-12-12, during which time h gained in 

weight , rose to and the number of 

to 3 mdlliZas. 

Jase ,To. S. r. K. 49. ::,dmitted on 15-11-12. ..;omplaint 

Palpitation and anaemia. 

7amily history. 17_is mother died of Anaemia with dropsy 

one sister alive she 41 also very anaemia. Fe lives in 

a sandy unhealthy area. e is a labourer in the fil.eds 

1:e has pigmented areas in the tongue. Fas palpitation 

on slight extertion but no bruit. 

ÍfC 



:;aue 7. . T. 63. ..dzni tted on 1--3-13. 

Complaints. (similar to case 6) . 

7amily his tory. Two sisters alder one died cf 

anaemia with dropsy. -.The younger one has been under 

my treatment for .'.nkylostv;iiiasis. 

Social condition and habits. Patient has a fairly - 

comfortable hone in a sandy locality. -o spacial - 

precaution taken regarding disposal of faeces. 

Patient is a farmer working barefooted in the fields wit 

u-oa,da. He was under treatment for two months. _rug 

used for expelling the worms was th37m61. 

Case 8. 'T. 42. :- _draitted on 18- li -12. ;omplaint: 

Anaemia and palpitation. 

History. :free years ago patient noticed he had - --- 

palpitation on exertion. "e had also giddness. = e felt 

he was growing pale. 

Cocial condition. is a labourer working in the 

fields has not good home and lives in a' sandy locality. 

'tate a admission. Patient is very anaemic skin - - -- 

lemon yellow gums pale conjunctivae pale. longue -Very - 

white. 

Iirculatory system. 

systolic ;,riiit Y ost pronounced at the apex. card i-w 



in all the areas. 

he was given four doses of eucH] yp tus , clloroforrt 

and castor oil mixture at intervals of a week. :'e was al 

also put on a mixture containing digitilis and ferrietam- 

moniicitras. he was discharged reli evved on 20-1 -13. 

Case 9. (v. 29. admitted on 15-12-13. 

Complaint Anaemia and cough. 

History of present illness. 

Tor the past three years patient had loss of - - -- 

apneti.te. He had epigastric pain. '.e felt unable to do 

any work. Latterly, he noticed that he was getting - -- 

very pale. for the past four months, he had been 

troubled with a bad cough. 

ocial condi tion. Patient lives in a small house. 

surroundings are unhealthy =-e is a farmer and has to work 

in the fields. 

state of admission. Patient is poorly nourished. 

'ery anaemic. lips, glus and conjunctivae very white . 

lirculatory system. Patient has palpitations and a - -- 

quick pulse. 

Respiratory system. Eight lung shows eviience of tuber 

culditkes. This was confirmed by the detection of tuber 

ciebacilli in the sputa 

Pa ti en was given three doses of thynol. 

After the first 14 he expelled 205 worms of which 
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120 ware necator inericanus. He was also treated for 

lung trouble. He has been under treatment for over two 

months with considerable benefit to himself. 

;'ase 10. Poovan 10. Pulaya Admitted on 5 -1 -14. 

complaint.- palpitation and cough. 

-history of present illness. _ o.r. over a year he has 

been getting anaemic. He has eaten sand. `Tor the 

past two months he has been troubled with cough. He 

has also been unable to Work owing to palpitation. 

social condition. Patient is very poor. He has to -- 

assist his father in his work in the fields and has to 

carry bucketfuls of mud. He lives in a sandy locality. 

State on admission. Patient is very anaemic. 

circulatory system. Patient has __ ain over the praecord& 

no murmurs. pulse quick. 

Respiratory system. Both lungs show evidence of 

chyronical bronchitiits. He was treated at first by 

thymol to expels the worms and then his lung complaint- 

received special Attention. In six weeks he has made - 

great improvement. 

Case - o. 11 Age. 9 Hair. t"as brought to me With a 

history that the boy had become dull and that he was not 

able to keep up his studies. He was not markedely 

anaemic ( had 50'' haemo obis. He was given thy of on 

two occasions and this was followed by tonics. He 

came for treatment on 17- 10 -12. By the end of `ovsnber h-t 



It 

he showed considerable improvement. His physique also 

improved. 

Case 12. P. P. 26. Clerk. Came for treatment on 

15 -6 -13. is main trouble was severe neuralgia which - -- 

disablehir.n. I found him very anaemic. JurArous Ova- 

of ',nkylostome were found in his faeces. He had four 

doses. of Thymol which effectively got rid of the worms. 

After the first dose of thymol he noticed e improve. 

ment as regards his neuralgia. He was put on a mixture 

containing iron for a month. Tor another norith he was 

given Eland's pills. At the end of three months he was 

quite cured. 

case 13. A. 45. Came for treatment on15 -9 -13 

Her main complaints were severa headache and sleepess 

She noticed that for over a year she had been getting pale; 

appetite Was very poor. She was given thymol 5 times to 

completely get rid of the worms. She was also given tonic 

containing iron. In four months she has been completely 

restored to health. 

Case 'To. 14. Hussia..25. ^_ahomedoo. 

Admitted on 25- 11 -13. 

History. About four years ago he noticed he was getting 

pale. Lately he has been feeling great weakness in his 

mu s Iles 

J?_, 
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"tate on admission. Patient is an anaemic. Lis 

muse-Ys are flabby. 'Tisible mucous membranes are white 

mouth unhealthy gums decayed 

Circulatory system. =here is palpitation. 

aemic bruit is present. _xamir Lion of feaces showed 

numerous e.4 ova 

' reatment . He was given 3 doses of eucalyptus mixture. 

which ,;o t :. id of the worms. He was also given tonics. 

He got great relief by being under treatment fer a month 

Case 15. r-. Aged 28. : ame for treatment on 7 -5 -13. 

patient lived in a sandy area where there was ever; chance 

of faecal contamination. She, had been growing anaemic 

for the past three years, during which time she had two 

abortions. 

tate on admission. Body slightly emaciated. ?asily 

tired. Conjunctivae white;lips and gums white ;appetite 

deprived. Blood watery. ,.°. 25 She was given 3 

courses of thymol. After the worms were expelled she 

was put on iron. Later she was given haeuatogen. In 

two months she recovered completely. 

gase 15. . Aged 25. .'ame in for treatment on 

3G-7-13. Patient had been suffering from severe anaemia 

for over four ;;ears. She used to eat raw riee,LroBen 

bits of earthenware etc., Uhe had three nùsc_arriages. 

J . 



She lived in an unhealthvlocality. She had a 

comfortable horse. 

State . on admission. Patient very a.n {mic complains of 

palpitation and pain in the r of the heart. ,on,jun- 

ctivae pearly white tongue whi te skin dirty ,_.yellow -- 
colour: :load watery contained only. 2C 

inercus Ova were found in the faeces, :.The had three - - -- 
doses of thy!ol. ''ith the first dose more than 150 

worms escaped through the faeces ..`'o. ova could be 

found in the faeces after the thirds dose. `.he was but o 

blaud's pills for two t:iionths. She d scharp,ed cured on 

31-10-13. At present she is in excellent health and is 
pregnant 
ryase no 17. /"E.S.P.I._,. 18 admitted on 24-9-12. complaigól- 

anaemia and palpitation. 
History. Al year ago she noticed she was getting anaemic 

She lives in a marshy place in a small house. In that 
house there is another worm suffering from severe anaer ik- 

Latterly she has been unable to do any work. State on 

admission:- Patient poorly. develNyd. Appetite poor. 

On examination of the faeces many ankylostome ova were 

found. Soon after admission she got a sudden attack of 

fever without any apparent cause. the worms were expell.4f. 

by three doses of Enaphthol one gramme each. -._'he fever 

subsided after this. 'Ohere was no recurrence of the -- 
fever. 



ghe left hospital at the exDira,tion of a month. 

Case o. 18. . 42. - Brahmin -;l::rk. Ca: e for 

treatment on 5 -1 -11. Jcmplaint palpitation and swelling 

all over the body 

.::istory:- Patient had anaemia for the past three 

years. During the past six months he was feeling short 

of breath on slight exertion. A month ago he had swelli -g 

on the dorsum of both feat. Gradually he developed 

asci tes 

ocial condition. Patient lives in a sandy area. 

has to walk barefooted over unclean soil. 

Habit:- Patient had craving for eating ash sand, etc., 

state on admission: - Patient is very pale and weak 

:here is oedem=a all over the body. 

. ircul ztory system. 

apex. 

Digestive system: - 

usci. tes . 

_here is a systolic murmur at the 

.L.ppetite very poor. _.here is 

was under treat or three months, during 
which time he was given four doses of thymol to expel, a11. 

the worms. e was also given Cardiac Joncs and 

diuretics. _e was discharged cursed at the end of three 

months. 



,ase o. 19. arnli. :=,dmitted on . 16-1.-12. 

omplaint . - evere anaemia wi th swelli i:v all over 

the body. 

:7 tate on admission: Patient very anaemic. 

Heart sounds very weak. 

e expired on 18- 10 -12. 

Fo s tmo r t .... - nn opening the thoracic ca,ri ty pleurae 

contain a good deal of fluid. Lungs oedematous. 

Pericardium. Also contains fluid. 

heart. natty. Left ventricle. fyliertrophied 

peritoneal cavity contained a good deal of fluid. 

:11 organs were very pale. 

_3tornach. ucous nbrane thickened, there was evidence of 

chroniccatarrh. 

Liver. 7xtremely fatty. 

Kidneys. -atty. 

Shrunk. 

Small intestine. 'rrco1.ls membranes of j e,jLlmtL11 and ileum 

showed haemor.rhagic spots. à.:.any ankylostorra worms were 

found adhering to the numbus niembrame. 
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