fxeface.

‘ IThan.a'boy, I used to obssrve that in certain parts -
of my nati{a country i.e. Lravancore, many pPeopPls ==--=

suffered from anaemia. bLut L could not then conneet this

ciTcumstancep‘that in those parts my country was. damp and
covered with thick vegetation and that the atmosphsre -

Wag markedly wama and moist d4s a wholse. hen I had ==

oceasion to travel, I obskrved that on the :orgmamdel o
coast of Louth India;, the phenomenon of anaemia was not

50 marked as in my owa country. T did not think thers

e
rd

circunmstanece and ths ==

ik
v

was any connection beltwesn
dry soil and warm and dry atmosphere of the loromanddl -
coast where vegetation is generally sparse and does not
attain to much development. 1 wae hadf inelipned to pus
downln the ansemia as & racial instead of & loeal psculisr-
'

ity Eater on, while attending the lledieal Colleszxe,

liadras, South [ndia, I came for the first time to lesarn

that medieal men wers eoning to think that certain =-=-~=
: gt 0 3 : 2 LA B
diseases peculiar to the tropics and that they would -~
ocecur in the temperate zone only if the ftropical =--=-==
conditions of climate and other inc&dental circiuuastances
were fulfidled, T well remember what an effect this-~
knowl edge produced on my mind., I wvery much wished fTo -
take a special course in Tropical diseases. Thig =e==

wish remained unfulfilled for several years till T ----



I proceeded to Edinburgh and took the degrese of Bacheloxr

of medicine. At that time, T took a special counrse in
Iropiecal dissases. I followed up this subject by ==w===-

proceeding to London and attending the school of ===w=~=-
Tropical medicine in that eity. On the completion of =-
my studies, T returned to my own University and took the
Diploma in Tropieal medicine and llygiene. Iropiecal =-=
dissases, have, since that time, had great attraction fox
me and my special studies have been of use to me in ===~
practice in my own country. I have chosen "Ankylog-=-~-
tomiasis in Travancors" as the subject for mythesis as =-
this diseage has affectad a great nuwnbsr of peoples in many

parts of Iravancore.

K. BR. Tampi.



AL S
12,
ra.
14,
155

16.

vontents.
Introducscion.
Definition of wniﬁostoniasis.
BYONymns .
History of the discass. :
Feographical distribution.
ariation of the disease according to climate.

Spread of the disease in Travancors.

Tarieties of the parasite causing the dissase.

Description of the parasitss.

fgbular statement regarding the three kinds of

parasite.

Development of snkylostha duodenals.

Life ahdncondiﬁions cf the egpg and larvae.

Aetion of “ntiQ%ties on larvae.

Hodes e tnfection.

Causeg influencing the freguency of infection.

Fregueney gccording to age, Bex and otcupation;
and locality.

Symptems of the dissase.

Pathologyof Ankylostoma anasmia.

lorbid anatomy of ankylostomiasis.

Liagﬂcsis.

Biffersntial diagnosis.

Prognosis.



Prophylactic
Lreatment. Curative.,

Sunmary.
Appendix.

References to Hindu medicins.

Diagrams. ot e <D}

Illustrative cases.

Sibliography.



Introduction.

L Rt et e B e B B ]

During the past decads, tropical diseases have -~~~
come to oécupy & prominent place ip the field of mediecine
it one time, the classification of diseases on & climatic
basils was not conagidsrsd to be of any wvalue. We gradudal
Ly it came Lo Be rscognised that theres were certain ====
diseases peculiar to the tropics and whien only occurred
in temperate climates when the reguisgite condition as =--
regards t--az':r"er' wure Was gceidentally satisfi ed.Eertuin -
dilgeasepmaswBearlet fever, were found only in temperats-
elimates, while severel diseases as syphilisg cancer tuber
culosis were found in all climates. Diseases produced
by parasiltic worms are essentially tropical , as eggs of
‘the worins will hateh only wien a high degree of warmth -
and meoisture are available. 'hat diseases caused by ~-
worms are extremely common in India, is borne out by the
faet that nearly ?bﬁ of its inhabitants suffer from worm-
infection. (f the various forms of worm infeection, the
most important, on account of its severity and the great
sconomic consequences, is aniylostoniasis. in cveylon,; =
the mortality from it, has been estimated to be greater
than that from cholera (vide Ankylostombse in Brouvarde
et Gilbert nouvean \raltede medieines 1906 17).

‘ravancore is an agriculitural ecountry. gologically., ==
many portions of "ravancore, were originslly under the =

SSa.
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As a result thsre are many marshes -and sandy areus in -=-

different parts of the country. The country 18 coversd

by luxuriant vegetation. h2 eonditions axre fawvourable
to the spread of ankylostomissis. Ag the main festure —

of ankylostomiasis, is anagemia, it may be well classed-

under the grealt sroup of ansemias. the two recognised-
groups of anasmia found in temperave eclimates, areg —-==-
chlorosis and pernicious anaemig. ‘hey are not ==wm=w=-
conpidered of much importance,owing to their comparative
Taritiy, In the ftropics, anaemia is very commorl. Of =
the forms of anaemia, that produced by worms, is the =--
cormmonest. Among the worms which produce angemia in --
the trowpics, the mosgt important is the ankylostoma -===-

duodceinal cr.

Vhat is ankylostomiszsis?



Ankilostomiasis in Travencore.

Definition of Ankylostomiasis. A wasting disease which

comes on imperceptibly,characterised by digestive ,nervous
ard circulatory disturbances,in the latter case,being --
accompanied by anaemia arnd palpitation and pain over the

region of the heart.

It is found usually in lahourers in warm_climates -
who work in dirty seil and who are not clean in their ---
hahits. The disease is due t0 the entrance of the Ankvlos-
~-toma or Necaftor into the duodenum-and jejunum ard the -
subsequent formation of toxic products by them which be--
-come ahsorbed into the hlood of the host,giving rise to

characteristic symptoms.

If the disease he all owed to progress unchecked,it
may end fatally, On the other hand,it can he overcome in
most cases by efficient treatment. Serupulous personal --

cleanliness ensures protection from the diseass,

Symonyms.
"Agchylostomiasis", "Tumnel anraemia", Miner's anaemia,
"Ceylon anaemia", "Uncinariasis", "Hook-Worm disease", -

"Negro Consumption", Dirt-eating disease, Dochmiasis,"Ca-



yachexlis Afriecane”, “igyptian Chloresisg’, "anemie des-—~-
pays chauds", Tropical Chlorosis", ‘al de cosur", —-<-=-
iakd ' Satomee o Mialises ¢f legrogs! , sufrzal  Opildicas, =
GEEIGITN G

History.

The disesse was prebably known in anecisnt dgypt.

2

In the mediecal papyrus supposed o be wriitten aboub 155U

- . = 4

. 0. the ‘worm sing the diseazse was called "leltu", ==

2
and the disease was ealled n.li.h. 1, This papyrus was-=-
translated into German by Professor Bbers at “hebes in -
1855, The gymptoms of the disezse as mentioned. in the
Ppapyrus were heart-wealkness, palpitation and stabbing ==
cardiac pain, constipation, Osdema of legs, and a sen-—---
sation of heaviness in the bhody, along with digestive --
troubles. Dr. Dastellani thinks that the digesass was =
probably recognised in ancient Iadia asg "Pandw Roga', -~
mentioned in the "Harita Samhita". "Pandu Roga" was ———-
supposed to be caused by eating clay. In the ancient =
Hindu medical sanserit work callad "Ashtanga Lridaya’, --
the symptoms of Pandu Roga are given as puffiness of =-==-
face, ;?3“t wealkness of body., balpitation, singing in thé
sars, profound anacmia, along with digestive troubles.

It 18 also stated that the
3 Castellani and Chalmers lanual of Tropical 1 edicine

second edition page ©.

s Sand with'e medical diseases of IZgypt V1. 1.
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the woits ars digScharged throupgnh tie faces (wide gppendix

on linduw medicine) To fiake mygelf ecertain that “"Pandu--
ofa and Vﬂawygo onias®lis" were the same, I devised an -
experiment. In the course of my investigation of bhe~~
dissasey [ once asked a doctor who hed no krnowledge of -
English, but who was well versed in ilindu ledicine, bto =-
show me by way of identif&bﬂion & few of hils putients Wi
were suffering from"Pandu Rogal I exumined tham, and not

only did T find snkylostoma ovae in their f'&‘\.b, but Gthey-

presented the typical elinieal picture of ankylostomiasis
Lz therefore ecertaipn that the disease has been -===~=~

recognised in Anclent India.

In the Hew VWorld, a fatal dissase, the cause of=--
whiech was not kaown, was desceribed by many writers. In
1648, Piso descrived a dissase "Oppilatio'(or Uppilacao)
fnihtg Highorig ligdica Bragilise’; The s?n:buqs ————
deseribed point to bthe disease as having been anh}cstomiﬁis.
he sume digease was desceribed by labat in ‘uadsloupe ---
in 1742, Chevalier found id 1n St. Dominigue in 1L732.
Iesportes also found it there in T7%0. In 1786, Bayon --
deseribed it as having oceurtred at Tayenne. Inm 1796, munter
fiownd *t in Jamiew, and in the sane year, “odschield found 4%

in Bsritish Guiana, In 179%, Syroan “wards again described it
ag oeeurring in Jamiea. Pitt found it in 1808 in the United
states. loreau de Jones found it agsin at Guaudeloups in
1816, Chabert save a very good account of the disszse in
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in 1821, In that year,Castelnau found it in Peru. Jobhin
found it in Rrazil in 1855. Clarke found it in West AP-
grica in 1860, In Furope,in 1786,a peculiar anaemia was
noticed among miners,first in Hungary and then in France
Pelgium,ﬁerﬁany and Cornwall. Dubini in 1848 discovered
that the disease was due to a worm which he named Agchy-
lostoma (& YKLLAOS, betad T0 proc amrille )
Pruner found the parasite in FHgypt in 1846, Rilharz --
found the worm in nearly all the post-martenm examina----
-tions he mede in Feypt. In. 1851 ,Griesinger showed that-
this worm was the cause of Fgyian anaemia. IHe further -
discoversd that the worm caused wounds in the nucous —--
membrane of the asmall intestine. In IBSG,Wi;pheref found
the dissase in Rahia and called it Opilicao. In 1867 ,-—

Grenet and Morestier discovered it at Mayvotte. They ----

bhought that this worm was the cause of watery cachéxia
or nausea of Negross. In 1871 ,De'liou & Savagnae dis--
-covered the worm in most of the cases of ﬁropical anag-
~mia. In 1872, ,Rodriguez de Moure stated that ankylostoma
caused intertropical hypohaemia. In 1878,0Grassi found -
ova of ankyvlostoma in the stools mostly of anaemic work-
-men. In 1880,there was a virulent outbreak of anaemia
in St.Gothard's tumnel ., Perroncito proved that the anae-
~mia wés caused by ankylostome. He also gave a full ac-

-count
£



account of the disease. In 1881 ,Binz found that ankylos-
toma was the cause of miner's anasmia at Schemenitz. In
}BQS,Looss found that the mode of infection was by the 5
skin,the lungs & trachea. Later,Samhon,Fulleborn and -

V.Schilling Torgan found that there was another route of

infection: viz. from the lungs through the hlood stream

into the alimentary cenal.

In 1899 ,Ashford noted that Rosinophilia was well
marked in this disease., In 1902,Stilss described Necator
Americana,Boycott and Haldane in the same year,found the

disease in the mines of Cornwall.

Geographical distribution.

In FEurope,ankylostomiasis has heen found in the --
North of Italy,Sicily,Sardinia,Germany,Spain,Relgium and
YNetherlands and parts of France. It has not et heen ---
found above a latitude of 5£LN. Fven in countries such -
as Fngland which is ahout Latituds 4; N,it occurs only-
in mines whers there is sufficient warmth for the deve-
~1lopment of the parasites. In Asia,the disease has been
found in Japan,Borneg,the Malay Archipelago,Ceylon and
saeveral parts of India. In India,the disease has bhesen -

found in Calcutta ,lower Rengal ,Assam,Burma,Cochin and -

Travancore. In America,it has heen found in Southern --



Southern United States,Mexico,Central America,Guiana,Ve--
-nezuela,Prazil ,Polivia,Peru and Porto Rico. In Porto --
3100,287,5ﬁ8 cases were treated hetwesn 1904-1910. In -
Africa,the disease is very cormon,=sspecially in Upper -

and Lower Egvpt.

(=25

Tariations of the disease according to climate.

It has already been noticed that the disease does
o

not appear ahove Latitude 52-N. In temperate climates --
the disease is found to occur only in psersons who work -
in the mines. As the parasits requires wgrmth for its de-
-velopment ,its virulence is greatly diminished in a cold
climate., Boycott,who has thoroughly investigated the oc-
-currence of Ankylostomiasis in Erglish Mines,is of opi-
-nion that in England the infection is limited to about-
6000(Six thousand)miners. Of these,not one has died of -
purs ankylostomiasis?. This conclusively proves that the
disease does not asswue there so serious a form as it ---
does in the tropies. Recovery from the dissase is also -
comparatively easy in temperate climates,as,once the ----
worms are thoroughly expelled,the chances of re-infection
are far less than in the tropics. The chief tropical ----
countries in which the disease is found,are Fgypt,India--
and Ceyvlon. In India,the parasifte has heen estimated to--

b. Boycott's Milroy lecture on ankyvlostoma infection --
(Lancet, 25th.March 1911.) -



to oceur in nearly 75 p of thke population. In Ceylon,the
mfortality from ankylostomiasis has bsen said to be greamr
4

~ar than that from Cholera.

Spread of the disease in Travancore and factors which --

help it.

In Travancore,‘the disease is widespread, It is more
abundant in the North 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 favourabls to the development --
of the epgs of the parasite.

Another factor which helps the spread of the di----
-82482,1is the method of disposal of the faeces. There is
no proper system of coll ecting and disposing of night ---
soil.

In towns,there are Cesspits in which the parasite
can thrive.

In villages,especially in sandy areas,the inhahi--
-tants squat themselves on the ground for purposes of de-
~foecation. The faeces are left sxposed to the sun and -
there get tlng thoroughly dried,hecome converted into fine
powder. The latter is easily blown from one place to an-

4, Ankylostomose in PRromardel et Gilbhert Nouvaaa-Tral*n‘
de Medscins IQOG/EV



another by violent winds which are very common, Again,the
bulk of the inmabitants devote fthemselves to agricul e
They work in the fields hare-footed,thus giving great ---
facility for the entrance of the parasites., Vegetables --~
form an imporitant part of their dietary. There are wvari-
-ous possihilities of contamination of vegetables,for ---
example,using infectad sarth as manure and watering with
water in which there has heen faecal contamination.

There is vet another factor to he taken into ac----
-count. Focd is eaten with the help of the fingers, It is

not at all unusual for those who work in the soil,to eat

their food with dirty fingers. Z.qeeler wolh Eo

wﬁ.&f&ﬂ/‘?mﬁ% MW%(Z»/& =

Varieties of parasite.

In India,till recently,only two kinds of ankylos---
tomss were known to infeet man,viz-Ankylostoma duodenale
and Mecator Americanus. Of these,ankylostoma duocdenale --
is & purely human parasite,while Necator Americanus has -
been found %to infect porilla as well as man. In the In---
-dian Medical Gazette for June 1913,liajor Lane Calls at--
~tention to a third variety of ankylostome whiech he Ffound
infecting a few prisoners in Rerhampore gaol. Out of a --
tateh of thirty prisoners examined for ankylostoma,in the
stools of three,he found ApkyloétOma Ce¥lanicum which was

first described by Looss in 1912, Looss found it only as a



a parasite in (Civef Cat. Major Lane found this parasite

‘T‘
an the cat,dog,lion &c. The three varietiss of the para-
-gites will now bhe considered.

Ankylostoma Duodenale.
Thos 6 o Commmomments Voratdl Lonand 1 TorooonrCote”

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

it hecomes white or greyv in colour.

Measurements. Dubini,Rilharz & Von Siehold give the ----

length as 9-11 Millimetres. Schneider gives it as 10-12--
mean. Leuckart gives the maximum length as 18 lMillimetres.
According to Blanchard, it is 15-M.M. Professor Looss,as -
the result of sxamination of hundreds of living specimens
has come to the conclusion that the maximum measurement -
of the male,is 9-M.M, and that of the female,12—M.ﬁ. In
his opinion,lesuckart's observations were confined only -
to dead and swollsn specimens and in them,there was -----
stretching of worms due to long irmersion in water. He -
also considers that the preservatives used for -the worms
mgy in some cases,produce stretching.
Thiciness. Professor Looss found that the thieckness in
the male,varied from 0.4-0.5 M.M.,and in the female,the -
maximum thickness was 0.6 M.M.

[omde copofrnelay - Fognnn 23
Body wall. The skin is thick and resistant. Under the --
skin,there are four longitudinal Pends- a dorsal band, a

ventral band and two latsral bands. The dorsal hend -----

5. Records of the Fgyphtian Government School- — = reaches
of Medicine- Vol .IIL.poge3.
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reaches only up to the arms.,.The ventral hand is well -,
developed near the tail. The lateral bhands alone extend
to the whole length of the hodv. These take part in the
formation of rays of the hursa,in the male. The head -
glands are closely applied to the latsral hends. Resides
the ordinary muscles in the hody wall ,there are spscial
museles which are used for special purposes. Thus there
are Cephalo-Oesophageal muscles,which move the head and
the Oesophagus. There are also inftestinal musecles. These
two sets of musclss helong to hoth sexes. In the femals,
"there are the anal nuscles and the vulvarnuscles. The -
muscles of the bhursa are peculiar to the male. . The worm
ig cylindrieal ,with slight forward thinning. The head --
end which is slightly pointed,contains a large mouth ~--
[\~nde Appoday - 39 - g
capsula, This capsule is helf-shaped,and has a horny ---
wall. The capsule is hent hackwards almost at right an-
-gles to the rody. The capsule has given the name. to the
worm (AnkylostqmaﬂxkaCMﬁ}ﬁnt,dﬁt;ﬁ%x.mOuth. The name
uncinaria is given as the mouth is armed (Uncinus hook) .
The capsule has two hook-formaed teeth. The imner 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 on --
each side. In the female,it runs nearly to the Vulva., -

The head gland secretss gn irritant liquid which can get



1_l
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et into the wounds made by the~teeth. There is another -
gland situated in the oesophagus. It opens in the middlew
of the mouth capsule. Its secrefion is suppossd 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 buccal capsule. These are situat-
-2d near the floor of the mouth. The wall of the mouth --
capsule is made up of & number of pieces which move ----
against one anotber. The advantage of this arrangement --
is that the worms can easily release themselves from ----
their hold and attach themselves to fresh spots. The ---—-
opening of the mouth capsule has three ridges or prolon-
-gations, into which strong radiating muscles are attach-
~a2d. These muscles contract the pharymx and cause suction
on parts in contact with the mouth. The hack part of the
pharymx is fixsd in the intestine,thus forming a valve --
preventing the rsturn of food. The infestine is usuall y-
straight and very wide and floats fresly in the Visceral
cavity, The tail end of the ankylostomum is hlunt in hoth
sexes. (The tail of the female Oxyuris is tapering). The
anus has a Ventral opening at the hass of the tail in --
the femals. In the male,it unites with the genital duct -
and forms a cloaca which ofens into the copulating sac.
In the male, there are two anal glands which open into the

cloaca. i -



Generative apparatus. In tl»e female,there is the uteo

t-rus which is a large tube situated ventrally. It commu-
-nicates with the Vulva hy means of a short Vagina. ----
There are two ovaries which open into the uterus. These
ovarieés are very long tubes(nearly five times as long --
as the animal). In the male,there is a long testicular -
tubhe,which is made up of many coils,ending in a powpch,-
the seminal vesicle,which runs on into a discharging ---
canal. This canal reaches the cloaca and unifi=ss with the
rectum at the hottom of the copulating sac. Two pouches -
situated on the dorsal aspect of the intestine,open into
the cloaca. There are two spicules each 2-M.Ms.long at -
the bottom of these pouches. They serve 1o open the Va-
-gina during copulation. The copulating sac is a sort --
Ev—\:d‘v&-{w‘ Gl
of tent. It is formed of a circular fold of integurment-
divided into four unequal lohes by shallow notches. Of -
these,the dorsal is the smallest,the Ventral ,intermedi-
~ate in size, and the lateral® ones mre the higgest. In -~
the wall of the sac,run eleven hrarching ribs. The dor-
-sal or posterior_riﬁ is uneven,all the others heing ---
symmetrical. Its exfremity hifurcates,each branch having
three fingers. From each side of the dorsal rib,springs
ancther rih,the first lateral ,which runs into the pos--
-terior part of the corresponding lateral lohe. Through

‘the middle of the lateral lobe,ruh three hig r¥bhs,viz.-
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ﬁiz. the second,third and fourth latgral ,diverging from -
a common stem, This stem sends out at its hase a fifth -
lateral rib called the Ventral rib ending just near the -
notech hetween the Ventral and lateral lohes and deeply --
notcheg at its own extremity. The rihs are prolongations
of the longitudinal muscular hundles and enable the ani?
-mal to open and contract the copulating sacysc as to fix
it for copulation, It i a kind of cupping pglass for fix-
-ing the male firmly on the vulva of the female. Copula-
-tion prohably l#sﬁs for several days, The (enital opsn--
-ing in the female is situat=sd just hrevond the middle of
the hedy,far away frpm the anus. Copulating pairs thére-

~fore have the shape of y e

Fggs of —- They measure hetween 0,056 & 0.0 M.M.-
A-Duodenule. in length ard in thickmess hetween 0.034
A

& 0,038 M.M. They are fairly oval in ---
shape,with rounded poles. Under low power,the shell ap--
-pears as single,but under high power,it is ssen %o have
& colourless douhle layer. The contents of the egg appear
granular under the microscope. The interior of the eggs -
as found in fresh faeces,ssems to consist of four—eight‘,

or sixteen seguments.

6., Looss Article abridged in Sandwith's Medical Diseases

of Egypt-YVol.I. -
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Tecator (Uncinaria Americana) .

/

Americanus. This species was discovered by Stiles in

the United States in 1902, This worm is -

more glender and smaller than Ankyvlostoma duodenals.

(A . e :
Measursments. ! soctasdiod B BN e R ¥

Female -~ 9 to 11 M.,M,long & 0.5 M.M.broad.
Male, 7=9 M.M. long & 0.35 M.Mz broad.

It is easily distinguished from Ankylostoma duodsnals
with the naked eye,as the head is abruptly hent backwards
in both sexes. In the rale,the copulating bursa is not -
median,but directed to one side. l’f‘ﬁé‘#g’gjc&psﬂe is -

& o
smaller but more circular., It has a dorsal and a ventral
pair of lips at the mouth. It has a prominent dorso-me~-
~dian buccal tooth and four buccal platei. In the male,-
the dorsal ray of the copulating hursa divides at the --
base and each branch possesses two lips. In the female,

the Vulva is situated in fthe anterior half of the hody.

Eges of Necator Americanus, are thin-shelled. 64 to 72 -

Micromittimetres long & 36 to 40 micromittimstres broad
They are slightly larger and taper more at the poles ---
than those of Ankylostoma Duodenale. [Tu~vde 3~y 91 1

Agchylostoma Ceylanicum.

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

7. Daniel's Tropical Medicine & hvglen-—VOI 1I.Page 130,
8. Btiles' Article in Osler and Macrae's System of Medi-
"Giﬁﬂ. -
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He found it as a parnsite in a civet cat sent to him by -

Dr. Wolley of Colomho. He therefore gave the name Agchy--

t

lostoma Ceylanicum,%o the parasite. Later,the parasite -

was found to infect cats and dogs at Berhampore. Major -

Lane found it also in & lion which died in the Zocological

gardens at Calcutta. While examining the faeces of prison-
-ers at Berhampore,Major Lane came across this parasite -

S
Chief features of Agchylostomum Czylanicum.

It is smaller than A-Duodenale. In Loes's spscimens
from the civet cat,the measurements were 5-M.M,for males-
& 7-M.M.for females. The worms ohtained by Major Lane ~---
from the prisonera,measured 8.5-M.M. & 10-M.,M.for meles -
and females resﬁactively. The head is transparent except

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

C¥gsta, ty.7: ]

Specific characters There are two pairs of ventral ---

marginal teeth, In the copulating -—-

bursa of the mele,there are special clefts separating the

dorsal from the lateral lobhes. The dorsal ray hifurcates.

Eaceh branch thus formed,again bifurcates. The lateral ---
lobes are long and rounded, [ vt - (1, | 7))
Todedur s topocds e G m D

Wﬂi'-w-ﬂfl"f.-wb“"'i‘ﬁ tee i
Developmenu of Ankylostomum Qgpﬁgggggh_‘gj orr%r
of

The Terrle lays the eggs in the 1r+est11 the ~--

host and these eggs esgape from the host through the ---
9. Major Lane's article on Agchvloa+oﬂum Cev1aricum—1r -
Thetam -Meaical Gazette--Juns 1915y = g s Chyesha
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the foeces. The number of epggs laid by the female is en—‘
+ornous. Leichtenstein has 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 wvaries accor-
-aing to temperature. Wrer fully developed,they hecome --
larvae. The larvae get out of the shells,feed on the foe-
-ces and grow. As a rule,larvae escape from the foeces --
from the third to the tenth day. At first, 6 the appearance
of the larvae is rhahditiform(rodlike). The oesopha-
-gus is narrow in its lower half arnd there is a swollen -
bulb at the end of the ocesophagus(rhabditiform oesophagus)
Three small valves are situeted inside this bulh, 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 cyiindrical and has -
& highly refractile membrane. By feeding on the feseces,-
the larva grows. As soon as it escapes from the egg,the -
larve measures from 200 to 210 Micromiftimetres in length
and 14 micr0mi££ﬁuetres in width. It grows very rapidly,
beconming each day 80 to 100Mlonger & 2 }"wider.[_‘—"“‘&?*%::;n},
2Ly
Graduelly a new skin hegins to form under the old -
one. When the formation of new skin is complete,the old -
ene 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,she first shed--
-ding
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shedding takes place on the third day. After ifts ecdysis

the larve becomes thinmer and the oesophagus loses its --
sharp division into three parts. The extreme point in the
tail is lost by the first ecdysis. The second ecdysis bhe-
-gins when the larva is ready to leave the foeces. The --
sheath hescomes loose and the embryo can move within it. -
It retains the sheath while leaving the foeces,and climb-
-ing grass poles,stakes,walls &c. The third is the en---
-cystment stage. The second ecdysis is not completed un-

~-%il the larva is ready to and is actually penetrating --
the skin when it completes the moult. The larva then tra-
~vels by the comnactive tissues and lvmphatics,to the ---
lungs and from there,to the oesophagus by the bronchi and
trachea. Thence it goessto the stomach and intestines,and
before sntering the walls of the latter,it completes a --
third ecdvsis or moult, In the suhmucous wall,it hecomes-
sexually mature,and,acquiring sexual organs & differences
ard again moults. With the fourth sedysis,it comes into -
the body of the intestine for purposes of feeding. It has
baen found experimentally that man cannot be infected by
swallowing material containing sggs and immaturs larva.--
Only mature larva can infect man. Direct infection from )
man te man is impossible. Dr.Haldane examined a number of
the wives and children of infected miners in Westphalia.

Yot even one of them was found suffering from ankvl ostoma
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i
Ankvliostoma infection. Giles has stated that Ankylosto-
-ma larvae maYy bhecome sexually mature ard multiply out---
side the hody. Dr.Roveott has trisd to cultivate sexual -
forms of the parasite in the foeces,but has not heen able
32

to do so. Professor Leoss also has failed to cultivate —-

sexual forms in the fosces.

Lifs conditions of the eggs and larvae.

Air ,moisture and warmth are absolutely necsessary --
for the development of the eges. A free supply of Oxygen

is nacessary in order that szgs may hatch into larvae., ---

e

Hence it is impossible Tor the ezps tc hateh while in the
intestine of the host. They don't hatch even if kept in -
a small opsn dish with water,one inch deig. In the abh---
~sence of oxygen,ther may live for about ten days. Young-
larvas also require a good supply of oxygen even though -~
they can thrive wsll in water. When the larvae have deve-
-loped and reached the encapsuled stage,they can exisit -—-
hout Oxyfen for sone weeks.

The condition of the foecas also influsnces deve---
~1lopment.
11. Report on Ankylostomiasis in Westphalian Collieries,
by J.S.Haldane M.D.F.R.S.
12, Boycoti's lecture on Ankylostoms Infection(Page 5---
Lancet-March 18',1911.)

13. Boycott's lecturs on Ankylostoua infection.{(Lancet --
Marech 25',1911.)
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y In hard faeces,it is found that ova on the surface de--

-velop more rapidly than those in the interior as air --
has frse access 1o the surface. Unless scybala bhe broken
up, the ova in the interior do not develop,hut die owing

to want of air. If ‘he faeces hecomew walery,either by -
the motions hecoming diarrhaeic,or by the addition of ---
water,the eggs die. It has also hesn found that if acid
fermentation takes place in the faseces,fhe epggs and lar-

-vae are all aesurornd. Esya develop better in fasces —---
from a nmixed dist ther in faeces,from a purely vegelarian
diet. The best mediuwm for culturs of egss has hesn Ffound-
to be a paste made of faeces,animal charcoal and a litfle
water. I have tried this mediim for culiivation of the --

ggzs in several cases and found it quite satisfactory.

Moisturs. Complste drying will Kill all eggs & larvae.
It has bzen foimd that mature larvae reqguire less mois---
~ture than the eggs or immature larvae. The influence of

moisture on spread of infection has heen well shown in --
~mines. In Westphalian coal pits,ithere was a virulent epi-
~demic of ankylostomiasis after introduction of the cus--
~tom of watering the roads fto prevent dust sxplosions. --
Dr.Boycott has thus tabulated the figures to show the in-

—crease of infection. Watering in the coal pits was in---

=troduced towards the close of 1899,
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Yeauz. No,of Col- No,of cases Cases per ---
-lieries. reported. 10060

1896, s 15 5 107 = 6ol

1897. w0 31 Py s i o BBt

1898, 4 23 2 09 2y 4.9

1899. e 26 e 94 s 4.4

1900, o 40, s 275 PR O

1901, o 63 e 1050 vt 40,6

1802. o« 66 iR ST T e T

Temperature. In Egvpt,it has heen noted that the eggs

develop hest bstween 300& Sff C,but in FEurope,the optimum
tenmperature is 257t0 3670. Development is retarded under
lower temperature. Larvae can stand far lower degrees --
of temperature. They don't die till the freezing point -
is almost reachsd.

In Fgypt,experimentally, larvae have been seen o
emerge from the eggs within twenty four hours and hecome
mature on the fifth day when temperature was hetwesen sof
& 35?0. In Egypt,development is not prevented even by a
temperature of 45’0; In Burope,it was found that eggs --
& larvae,when kept in an incubator at 5; to 45 C,did not

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

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

o
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the larvae reguire a temperature higher than 20 C. Aruns,

Jorkiﬁg in the bacteriolopgy lahoratory at Gelssn ksrchen,
as fthe result of numerous experiments,found that Eé,to Qf
C was the lowest temperature at which he could ohserve --
any larva develobing to the encapsulated stage and at ---
about 26,G,hardly any larva developed.

The most favourable temperature he found,was bet---

z 0
-ween 25 & 30 C, He also found that the average duration

of 1life of the larvae was at lszast six moniths.

Action of antiseptics on larvae.

In 25% Sulphurie acid,larvae died in a little more
than half an hour, Q%Ycorrosive sublimate took six hours-
to kill them. 1 in 1000 corrosive sublimate will kill ---

egzms and encapsuled larvae. These are also killed by 5%

1=

Taol,

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

In the Tevant mine in Cormwall ,though the underground ~--
temperature was favourable for development of the para---
-site and though there was faescal contamination,it was -—
found that the men working there were immune from the di-
-82as3., On enquiry the hmmﬁnity was found to be dus to ~--
the nature of water in the mine. Dr.Boycott undertook a

sariea of experiments %o test the effects of different --.

strengths of salt solution on larvae. He first sxperimen-
-tad



dxperimented with encapsuled larvae which he kept in sall

0
solutions of varying strengths at a temperature of 20 C.

——— i =

Lo 3 hours. 18 hours. 2 days. 9 days. 18 days.
0.8%. Lively. Lively. Lively. Lively. Lively.
Some dead A few -

CIEL T SR some live- A few - A few-
=l lively. lively, lively.

& %; Motion- None mov- Dead. . ve

-legs,. -ing.
6 %I L e e - o LA .
10/"’1. e 2 LY L) . o ®

He next experimented with egps hy placing freshly infec-~

-ted faeces in an islamd of filter paper surrounded by --

o
salt solution at 20 €. His results are as follows:-

Tap water.
0.8% NaCl.
2.0%.

4.0%.

After 7 days.

After 12 dayvs.

Tively large larvae.
Do.

A few dead first day
larvae.

Eggs ready 1o hatch

no larvae.

Very hearty,encapsul-
-ed larvae.
Do.

Many first day & a -
~few second day lar-
-vae all dead.

o free larvas,esggs
T dead.



6.0%. A few embryos in No larvae eggs deaq
erss.

Water from A few first day lar- A fsw dead larvae--

Levant mine

containing -vae not all dead. ecps dead.

2.42% Nacl,

Modes of infection. There are two ways in which man can -

become infected-namely,by the skin and by the mouth,

Infection through the skin. Professor Looss discovered -

this method of infection VB . Once,while he was work-
-ing in the laboratory with cultures of ankyvlostoma duo-

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

~sand larvae fell accidentally in the cleft hetwesn two -
fingers of his left hand. %g noticed that this was fol---
~lowed hy a burning sensation at the point of contact and
that the part became inflamed. He then repeatesd the expe-
~riment on another spot with the same result. He next ---
exanined the drop of fluid l=sft in the hand after it had

remained for a long time in contact with the skin. He ---
found that meny larvae had disappeared,leaving empty ----
sheaths hehind them. After a few weeks,he hegan to suffer
Trom debility and anaemia,and on examining his faeces,he-
found numerous eggs of ankylostoma duodenale.

Fxperiment Wo.2. This was performed on the leg of a bhoy

14.5andwith's Medical disesases of Feypt-Vol.I.



Pby,aged 13 years. The limb was to be amputated. The ex-
-psriment 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 limb was amputated. The skin area
which had come in contact with the larvae,was carefull y--
excised,and hardened in alcohol. It was then cut into ---
Sections and examined. The larvae were found to have pe--
-netrated through the hair follicles in the skin. Having

entered the hair follicles,they were found progressed hy

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 bhe free from ankvlostoma ova. Next a few drops
containing a culture of ankvlostome larvee were poured --
over his forearm and allowed to drv. His faeces were then
periodically examined. On the 7ist.day after experiment
ankylostoma eggs were detected in the faeces.

35 .
Other experiments. Dr. Roycott produced an infection on

15.Foycott on Ankylostoma Infection.(Lancet-March 18'1911)

-
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onwProfessor Leathes by applying a culture containing --7
A:nkyloatome larvae to the forearm and allowing it to re--
-mgin in contact with the skin for twoe hours. The skin of
the infected part hecame red. There was also slight itch-
~-ing. On the 50th.day,eggs were found in the faeces of -
Professor Leathes. Dr.Pieri in Italv,allowed eight drops-
of a culture of larvae to drop on his hand. He found epgs

in his faeces on the seventy first day after infesetion.

Dr.Loossy experiments on puppies, frcde ?‘_.GK ST
He esxamined 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-mortem,many immature worms were found-
in the jejunum. Looss worked out the mode of passage of -
the worms from the skin %o the alimentary canal ,by nume--
~rous experiments on puppi]égz He found that the larvae -
bore through the skin into the lvmphatic vessels and cu-
~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 --

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

16. Sandwith's Medical Diseases of Egypt. Vol.I.
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gells and thence to the bronchial tubes,trachea and lary-+
-nx. From there,they pass to the oesophagus,and gradually
reach the intestine. Looss found that very young animal s-
ware far more suscepiible to infection than old animal s.-

17.
Sambon's view. Sambon thinks the worms penstrate 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 inte the general blood ---
stream and reach the jejunum. He does not think that the-
worms get to the frachea larymx and then into the stomach
via the oesophagus. In support of his view,he says that -
only rarely have larva) forms of ankyvlostoma Theen found =
in the stomachs they are alwayrys absent in the ducdenum --
and that they are found in the left heart,pulmonary and -
azvgos veins,in thoracic duct,peritoneum and lymphatic --
glands. Sambon also thinks that when larveae are swallowed
they pierce the oesophagus,enter the blood stream, and --

through that channel ,reach the intestine.

Full eborn & VonSchill ing Torgau's experiments.

They performed trachéotqmy on dogs and inserted a -
canula %o prevent larvae from passing into the oessophagus
17. Castellani & Chalmers' Marmual of Tropical Medicine -~
2nd. Edition-Pages 558 & 559.



29

¢2sophagus from 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 hoth ends to the
skin and infected the animals. After some time,the larvae
ware found in the upper cut 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 majority adopt the route suggested by Looss.

Schaudinn's experiments on Monkeys.

He examined foeces of young monkeys and satisfied -
himself that they were free from eggs of ankylostomes. He
then selected a monkey,cut off hairs from a small patch -
on its back,cleansed the patch thoroughly with absolute -
alcohol and applied five or six drops ogfggiéfg:tgge lar-
-vag over the patch. These were allowed to dry on the ---
back. This experiment was made on May 28',1904, The mon-
~key died on June 10th. Thirty six living ankylostomes --
in various stages of development were found in the upper-
third of the small intestine. Another experiment was made
by infecting a monkey with a culture on three successive-
ocecasions,and killing and examining the animal six hours-

after the last infection.



Behaudinn Tound many worms in the intestine and some <
iarvae in the skin.
18
chatude Smith experimented with Necator Americanus.
He was ahle to produce infection through the skin. He --
found that at the site of infection,local ifching and a-
macular eruption followed. The day after infection,there
was a vesicular 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. The}e were sore-throat and sto---
-mach derangements for a few days. Ova were found in the
faeces ahout the middle of the seventh week.

The pogsibility of skin infection is also borne out
by the fact that there is a disease called '"Ground-itch'
which occurs among coolies in many parts of India and -
in ofher tropieal countries. The diseass oceurs during-
the rainy seascn. It has heen supposed to be due to in--
-fection by anxyviostome larvae. It has been found that -
wearing boets,while working in the fields,is a sure pro-
-tection apgainst ground-itch. Ground itch occurs only --
in the feet and ankles. It hms been found that in places
where it is very common,ankylostome larvae also occur in
the so0il. Cutaneous eruptions have alsc heen neticed in

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

-_—
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jn miners in Cornwall and in French mines. In Cornwall , --
these are called 'bunches',while in France,these are ----
known as 'Gourmes', In some cases,catarrhal bronchitis --
also occurred in perscns with gourmes. Both of these pre-

19
-ceaed the onset of anaemia.

In Bgypt,skin eruption has not heen a prouinent ---
feature of ankylostoma infection., In Travancore also,skin
eruptions have not been found even in persons suffering -
from severe forms of ankylostomiasis. Prorably,the pa----
-tients in these parts,who always walk hare-foeted,may --
have developed toughness of skin which may make it diffi-

-cult for ankylostoma larvee to pierce.

Infection through the mouth.

Perroncito proved this to be the common source of -
infection when he investigpated the St.Gothard epidemic.--
Thus ,workmen whe¢ have handled infected soil,ard eat with-
-out washing their hands,or who put their food,pipes and-
water-hottles on the ground,where the larvae can gain ac-
~cess,are liable to infection. In these cases,the larvae
can easily get into the mouth and thence reach the intes-
-tine,where they develop and become adults. Leichienstern
conducted numerous experiments on human beiﬁgs. His con-

19, Ankvlostomose in Brouardel et Gilbert Nouveau Traite

de Medecine.
20, Braun's Animal parasites of Man-Page 330.



tonclusions were,that men were infectsd by the direct-£
introduction of mature larvae into the al imentary canal
Stiles also is of opinion that,in meny cases,the infec--
-tion has taken place through the mouth. This has heen -
found to he s 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 nay gain access to the mouth. He found
thet flies which settle on foecal matter,can conver the
larvae,hy depositing them or food or esven hy dropping --
them intoc the mouth of persons who sleep in the open ---
air. He has shown that larvas can pass through the di---
-gestive tract of flies and escape in the excrement with-
-out being killed. Thus flies can also spread ankylos--
-toma infection just as they spread typhoid fever and --
cholera. In this country, contamination of food by flies
is a common occurrence.

I shall now consider the causes influencing the fre-
-quency of infection by the parasite. The dissase 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 irn which places,the people --
geposit their faeces. They are also found under low bush

in the vieinity of houses. In this latte¥ locality,the -
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the inhabhitants defpecate. It is not a disease of towns.

Generally it is found in rural arsas. As regards freguen-
-¢Y according to sex and age,opinions vary. Thus Ashford
King and Gutierrez in their report on anraemia in Porto--
Rico,state that,of 5420 patients,3259 or 59.34 % were --
males and 2231 or 40.66 % were females. Dr.Sandwith on =
analysis of 1000 cases,found the number of females af---
-fected %o be onmly 1 %. Stiles found that it was more —-
cormon among women and children then among rmen. In min--
-ing districts,the disease is chiefly found awmong men.
I am inclined to agres with Stiles in thinking thet the-
women who are affected,must be numercus,but that they do
not so readily come in for treatment as the men. As rs--
-gards age incidence,the Porto Rico Commission found ~--
ﬁhat out of 5490,1027 were hetween the ages of five and
nine. Dr.Sandwith found that the dissase was most fre---
-quent in the prime of life,i.e.between tweniy and forty.
It was rare above sixty. My observations l=ad me to ---
agree with Dr,.Sandwith in his remarks regarding apge in--
-cidence in this diseass.

As regards occupations,Dr.Sandwith analysed 200 ---
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



build walls with mud. Thirdly came scavengers of streets
refuse and cesspools,and fourthly,pedlars of unwashed --
vegetables as onions and radishes. In this country I --
have found thet the diseass rmainly affects farm lathour--
-ers and coolies enpaged in the construction of mud ----

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

o

be more prevalent in sandy arsas than in clayey soils. -
Put sand from the htanks of running streams contains no-
larva=. The disesase has hesen found esvecially in places-
where the sand is fine as it can then hold moisture eas-
ily. Stiles found the disease also in pinsy forests ---
where trees effectually protected young worms from heat.
The disease is found far more among the poor than among-
tlie rich.

The main symptoms produced hy the parasiie may next
be considered. The symptoms are generally mild in tem---
-perate climates,but in the tropics they cen hscome very
grave. S8Stiles $1assifies all cases of ankylostomiasis -
under four groﬁgs.

1. Light cases. These include patisnts who have epgs in

their faeces,but who do not present any symptoms which -
would attract attention. FEven these patients have to be-

treated properly,as otherwise,they may hecome carriers -

21, Stiles. In Osler & Macras Syvgtem of Medicine.



&f diseass.

o, Medium cases. Thess patients have anaemia as the ----

chief svmptom. The anaemia will not he ssvere snough to -
make the patients resort to treatment. Only physiclans --
whno have a special Imowledge of the disease,will he able
to say that the anaemia is due to parasites,

3. Severe cases. These include patients who may eat Cirt
-and whom even laymer will he able to recognise as suffer-
-ing from worm infection.
4. This includes patients with profound anaemia and ex--
-treme debility,who are likely to die at any momert.

The symphtoms of the disease may bhe considered under the-
following headings.

i) Symptoms affectlng the digestive system.

ii) — eirculatory avstem.
iii) e respiratory system.
iv) -+ Vervous system.

v) -~ Muscular systeme.
vi) 5 Urinary system.
vii) L Gtenital system.

viii) Temperaturxe.

ix) Symptoms referahle to skin & mucous membrane,

i) Symptoms affecting the digestive svstem.r
de Congen
1,1’3 h{:‘W"FJ‘
The appetite is greatly increased in the initial -
- stages




of

Stages of the disease,but whken the disease has advanced
there is complete loss of appetite. At firsf the patient
hecomes 2xtremely fond of sour things as lemons,pickles,
buttermilk &ec. Later,the appetite becomes perverted. The

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

-1

-

oned the case of a hoy who had eaten three coats ----
thread by thread within one ysar. In some cases,the per-
-yvérsion is so great that patients eat even mice and ---
young rats. I have found that patisnts relish dirty sand
bits of hroken sarthenware pois & ashes. MNaussa is an--
cther common sympiLom. Flatulence and heart hurn are also
pressnt. Pain arnd tenderness in the region of the epi---
-gastridum are very cmﬁnon. I have come across s patisnt
r"‘:‘{“‘TWCM"”
A, A, aged 25,in whom there was much tenderness in the -
~

spipastriec region. She was not markedly anaermic. She ---
felt as if something was hiting hsr from inside. She was
treated for dyspepsia for a long time,hut to no purpose.
Fxamination of the faeees_showed many ova of ankylostoma
A three months' course of ireatment for ankylostoms in-

~faction completely restored her health. Constipation is
fairly common. Occasionally there is diarrhasa,; Rlood --
and mucus are found onrnly very rarely in the fasces. ---

Ashford has noted blood in 6 cases and hloocd & mucus in-
five cases out of over 22000 examinations of fasces. Ac-

-cording to Leichtenstern,the appearance of blood in ths



the stools indicates that the worms are copulating.

Symptoms affecting the cireulatory system.[twdicandsit?9)s

In slight cases,the apex-heat is heard louder than
usual . In more advencsd cases,the apex is found displaced
doynwards and to the left. In very advanced casss,the ---
apex beat ceasas to he distinet,but in its stsad,there is
pulsatiion over the spigastrium. In these cases,there may
be cvamosis of the 1ips. The area of the heart bhscomes --
snlargsd,owing to hypertrophy of the lsft ventricls.
Pregystolic thrill is found in moderate cases. Palpita---
-tion is a ve.r:;r early and constant smmotom. Along with --
this,there is usually pain over the region of the heart,
Sandwith considers cardiac pain as a prominent symptom. I
have noticed if in several cases.

Pul se. In this disease,the pulse rate is quickened. It-

may vary from 80 to 120 or more. In advanced casss,the ~-
pulse hscomes weak,irregular and intermittent.

Rlood. Ashford ard others working at Porto Rico,found
on sxamination of 520 patients,the average psrcent of ---
Hasmaglohin was 45 % in Whites and over 44 % in Mulattoes
and 49 j”; in Megroes. Males had an average of 41 %,ar!d fea-
-males 48 ;’?Z. In extreme cases,they found only 8 %. In a -
few,the hosmoglobin was 101 75. in some special casaes,the
haemoglobin varied from 6 to 65 per cent,with an average

of 24.38 %. Under treahnent,they found an average increass
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Increase of hasmoglohin of from 21 to 34 %. In some cases
they got even an increass of 20 %o 30 % svery week. They
found that reduction of red corpuscles was not in propor-
~tion to reduction of haemoglobin. In many ceses,the rsd
corpuscleas wers not affectsd +ill the amount of haemogl o~
~-bin was reduced to 30 %, Sardwith's average was 26 g, -=
In Travancore,it has besn found that the haemoglohin ave-
-rage impatients suffering from ankylostomiasis is very -
low. Many of the patients I examined had only from 15 %o
25 "’ of haemoglobin. Only in one or two cases,did the ---
haemoplobhin rise above 50 j" I have found that under suit-
-able treatment,increase in haemoglohin hecomes very evi-
~dents.
Thus, K-aged 39 had on admission
on 30-8-12,only 10 9
haerogl obin
0n-12~11-1gl}ﬁ&—ﬁ was 35 %
On 15-12-12, 45 4.
K.A,(Temal ) aged 25 had,on admission
On 30-7-12 only 20 % of Hb.

On 31-10-12,the Hb was 55%

Red hlood corpuscles. These hecome considerahly resducsd

in ankylostomiasis. In ssvere cases,they may sven go down
to 750,000 per cesk M,M. Generally they vary from 1 to &

millions per Cubic Mill imetre.



' Wnite corpusclss. When the diseass is in its early ---

L

stage,there is lsucocyltogis,but wlien it is very advanced
there is lesucopasnia. Sandwith hes sumarised the blood

changes in the following tabls.

gount Normal . Ankylostomiasis.
Red hlood corpusclses. 4%-—53{10‘: 1 - 33(10@’
Haemoglobin. 90-100%, 10-54 %,
Colour index. o 3=1 0.5

White blood corpiiseles.f000-10,000. 9000-12,000
Fosinophiées. 2-4 % 25 '%.
Fosinophiles. 225. S000.,

(absolute number)

The great incr=asa of eosinophiles is supposed to bhe --
diagnostic of parasitic infection.(especially helminthic
infection) . This is only useful in countries,where other
rarasitic worms are not found.

Symptoms referable to the respiratory systsm.li~deGaserq.io].

There may be Dyspnoes On exertion. The larvae may -
irritate the mucous memhrane of the hronchi and set up -
bronchial catarrh. In some cases,constant irritation of
the bronchi may lead to the development of =mphrsema of
the lungs.

Symptoms-

22. Sandwith's Diseas2s of Egypt. Vol.I
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Symptoms referable to ths Nervous Systeme[ e, i1 iz12 ] -

The mental condition of the patients is greatly af-
~-feeted by this disease. School Children,when affectsd,
findiit very-hard 0 keep up their studies. They hscome
dull and stupid. I have noticed the case of a hoy V aged
9,who was brought %o me by his uncle with the comp%aiﬂt—
that he had hecome dull ard indifferent to his studies.
On carefully examining th=2 hoy,I found he had marked ---
arasmia due to ankylostomes,and by suitable treatment,--
his mental condition showed decided improvement. Other -
brain symptoms are a fesling of wearinass,haadache,diz—-
-zZiness and sleeplessness.

I have had two patients in whom,head-ache and slesp
-lesaass wers very prominent symptoms. In one,P.P.aged
28 ,a clerk, these symptoms were so troublessom2 that he --
was obliged to pive up work for some months. The Ordi---
-nary pain relisving remedi®s had no effect on him. As -
he was markedly anasmic,l examined his stools and found-
numerous ankyvloshoma egges. After the expulsion of anky-
-lostomes,which took about six wesks,he was completely -
-restored ﬁo his former health. In the other case, K.A.-
a lady agesd ahoul 45,%the hesad-ache was se persistent ---
that she was suspected to suffer from brain disease. She

was very sl2epless,often heing without a wink of slsap-
: £



for nearly a week. After two courses of treatment with --

thymol , she improved considerabhly.

Symptoms referab%gmﬁgﬁigg;@ggcu1a§;§ggﬁgg.[:U12LHGL411L1]

Muscles hecome sofi and flabby. Patisnt is obliged
to rest sven after slight exertion. Deficiency of Hasmno--
globin and red blocd corpuscless tell on the vigour of the

patient.

Symptoms referarle to the Urinary System.

The specific gravity of the urine is usually from -
1010 to 1015. Colour is pale. Reaction is nsutral or al-
~kxaline. The quantity of urine passa2d is increassed in ---

amount .

Symptoms referable o the Genital Syst=m.

Development may be dslayed. There pmay he great de-
~lay of the ons=2t of menstruation. The diseass may pro---
-duce ahortion or miscarriage in the case of pregnant ---
women. In advanced cases,sterility ard -impotence may --

I'esul‘t ® CWO{D}—&W‘D l(;‘“ "'(9 ‘j =

Temperature., In some eases,ths illness may be usher-

-8d in by an attack of fever. I have not noticed fever as

a common accompaniment of ankylostomiasis. In one of my -

k E’Wd,_c.wi"l A
patlents,iéh;b,aged 19,the attack started with a tempera-
~ = -Lure
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temperature of 103°F. She had irregular attacks of fever
which yial&ed'to treatiment ;or the worms. Castesllani ---
mentions thres types of fevgi.

l. The low intermittent type.

Here the temperature rarely rises ahove 106”?.

2. An irrepgular type,at times intermittent and at ----

times sub-continuous.

5. An undulating type. This is very rare. Castellani--
believes that the fever when present,is due Lo infection
by intestinal bhacteria,which enter the gensral circula--
-tion through small wounds produced in the mucous mem---—

~brang of the integtine by the hites of the worms.

Symptoms referable {0 skin and mucous membranes.

I ave already referred to 'Ground iteh',which oc--
~eurs as a dermati tis between toes,and on the sides and
top of the foot. The eclour of the skin in patients suf-
~fering from ankvlostomiasis may vary from yellowish ---
whits to dirty yellow. The skin hecomes dry. There may -
‘be severe itching. In chronic cases,the skin hacomes ---
atrophiged.

Hair. If a psrson he attacked before puberty,there is -
an arreat of growth of hair.
25. Castellani & Chalmers'Manual of Tropical Medicins~

2nd. Edition-Page.1509,
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Oedema of the Tace is' a very cormon symptom,especially -

: : 5 - 2
in advanced cases., Somefimes there may be c&lema oOver --

ne fse a anklss the whole hody may he oOedsmatous.
the feet and anklss,or the whole ho 3 oedsmatous
— s
Lﬁ-u./u,l%j» :

In one of my cases,H.A.aged 42,there was oedema all over
~

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

Pulsation in the neck is fournd in advanced casss, Ascites

is al so found in some casss.

VTisibhle mucous 1mempranss.

They may vary from their natural colour %o pearly -
white,according to the degree of anaemia. This 1is espe-
~cially sesn in the conjunctiva. In many cases,the con--
junctiva hecomes pearly white. Thére ﬁay be pigmented --
patches in the tongue in some cases. In advanced cases, -
the *tongue hecomes white.

The subjeects of ankvlostomiasis are very liable %o
other tropical complaints as a result of dehility. They
are specially liable to attacks of dyssntery or typhoid.
Other worms are often found in association with the anky-
lostome,

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

anasmia produced by ankylostomiasis.

Pathology of It has alreedyr been noted that the —--—-—
Ankvlostoma -
anaemia . amount of haemoglobin is considerghly re-

-

~duced. The total volume of hlood is increased. Haldans
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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 chlorosis,

pernicious anaemia, anaemia from haemorrhage and polycy-

Polycythaenia 162
1

thaemia. Their results are given belog?
1 - 1 1 1
' Haemoglobin ' Total ' Blood ' Relative
\ ' haemoglobin ' Volume ' No. of
' per cent. ' in grammes. ' (Cubic ' redcells
J ! ' centi- ' in whole
: : ' metre).' blood.
1 1 ] ]
i i 1 i
Normal. ' 100 ¥ 400 o S000 100
J ¥ ' 1
Ankylostoma ! 44 : 311 e hlen - ! 102
No. (1) 47 ‘ 357 ! 5520; ; 106
No.(2) ! 41 ' 331 ! 5880) !
No.(3) ! 49 ' 316 t 4620 128
1 ] L] '
Chlorosis. ! 40 ! 554 : 6480 ! 173
[ ; ' 1
Pernicious '  g¢ Y e ‘5160 | 32
anaemia ' ' ' '
1 ' ] '
Anaemis. from! %% 8 175 ' 2900 7%
haemorrhage.' y ' Y
' 1 ' ¥
y 1360 = =6000 400
t t 1
r T 1

t
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*2£+ Boycott's lecture on Amkylostoma Infection.
L - March 18 - 1911.)
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Roycott belisves that the anaemia is similar to that of
L]

chlorosis. As the result of my own observations on nuwne-
-rous cases of ankylostomiasis, I agree in this view. In
both chlorosis arnd ankylostomiasis,there is inecrease in
blood plasma. Thers is another point of similarity he---
-tween these two conditions. The sufferers from hoth ---
these diseases can do muscular work,2vsn though there bhe
great rsduction in the amount of hasmoglobin,

There have bheen various theories regarding the anae-
mia of ankylostomiasis. At first,it was thought that the
anaemia was due to loss of blood through hitss of the --
worms. In 1890,Lussana made an extract from the urine-of
an ankyvlostoma patient and injeectfad it suhcutaneoqf Yo
into rabhits ard produced anasmia in those animaiii He -
next got rid of the worms from the patients by médicines.
He then made an exitract of the patients' urine and in---
~jacted it into rabbits as in his previous experiment. -
The rabbits were not at all affectsd hv the injection.
He therefore thought the anaemia was dus to poisoning --
by Loxins secretsd by the parasites. In ankvlostomiasis
there is:calways catarrhal inflarmation of the small in--
~testine. Some helieved that the anaemia was partly due
to some Colc baecAle entsring the circulation through --

25. Ankylostomose in Rrowardel et Gilhert's Nouveau ---
Traite' de Medicine



through wounds in nmucous membrane and then excreting -- ¢
foxins into the hlood. Charleton inoculated the periio-
-neun and veins of a rabbit with repsated doses of Raci-
-llus coli. After some time,the corpuscles in the blood

became reduced to 25 % of their original number. He ---—

/
thought that ankylostoma anasmia could he partly explain-
~ed in this marrer. Castellani thinks toat 1;};_(-3 anasmia -
26

is due to three causes operating at the same time-viz. -
i) .The toxins ‘seeretsd hy ithe parasites which have the -
power of destroving the red hlood corpuscles, ii) The --
actusl loss of blood caused hy bites of the worms.----
iii) Secondary infection due to microbes.

It hes been already stated that eosinophilia is -~--
well marked in ankvliostomiasis. Owing to the presence of
toxins,the bone marrow is stimulated to produce =0sino--
rhilAd. The toxins also prevent the formation of haemo--
-glohin and thus help in the production of a watery con-
-dition of the blood. As & result of the diminuﬁion in -

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

_ed.

Morpid anatomy On postmortem,the swoller appear--
of ankylostomi- -ance of the hody is seen to he --
-2,8i8, due partlv to fat and partly to --
gensral ocdsma. As a rule,there is some fluid in the ---

26, Castellani & Chalmers' Manual of Tropical Medicine-
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tke perifioneal ecavity. There may be fluid in the other -
+

serous cavities, Many of the cerpens show fatty degenera:
-tion. The heart is pale and fa?ty. Usually the cavities
are dilated. Sometimes fthe left ventricle shows some ---
hypertrophy. Sandwith has notieed chanres in Hyﬁtral -

o7
Valve in 12 % of his caases. Muscles are pale. Lungs are

oedematous. Liiver is pale and Tatiy. KEidneys alsc show-
fatty degeneration. Spleen may he enlarged. Ranereas & -
suprererals are usually normal.

Stomach often contains indigestible substances which --
were taken in as the result of depraved appetite. Its --
niucous memhrane presents the appesrarnce of chronie in---
-flarma tion,

Small Intestine. If the postmortem he mede within an
hour or itwo after death,according to the degree of in---
-fection,ankylostomes will be fbund adhering to the mu-
~cous membrane ¢f the third part of the duodenum or in -
the jejunum or sometimes even in the M v

Later,i.e.after thirty hours,the worms will be found --
floating in tlie intestinal contents. On washing the je--
~junum and ilswm, the mucous memhrane is found confract--
-ed. Trhere will he numerous spois of haemorrhage in the-

ruecous membrane caused by hites of the worms. Microsco--
Fic

27, Sandwith's Medical diseases of Bgypt-Vol.I.
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dficroscopic examination of the mucous membrane of the -+
small intestine,shows infiltration with lencocyhes,es---

28 = x
-pecially eosinophiles. L Pear ypnlECone 19 ‘04‘T“*JLVJ i

Diagnosis of Ankvlostomiasis.

e o ——

Definite diagnosis depends on the detection of the
ova in the faeces. The worm is not found in the faeces -
unless a medicine for expell ing the worms from the in---
-testine has basn previously given.

There are several methods of detecting ankylostona
infection. These will he discusssd in detail.

Methods of detecting the eggs in the Taeces.

1 Ordinarg_gpthod is to make a thin film of faeces on -

& glass slide and examine under a low power, When the --
infection is severe,ile eggs can easily he found in this

manner.
29
2. Bass's Method. First take a fragment of faeces. Wash

with water two or three times %0 remove some lignt par--
-~ticles of dirt. Next wash with a solution of calcium -~
chloride of Sp.gr.1l050,two or three times. Then add Cal-
-¢ium chloride solution of Sp.gr.1250. The eggs will ---
float on the top as their Sp.gr.is only 1100. The eggs -
28. Ankvliostomose in ProWardel et Gilbert's Nouvsau ----
Traite'de Medicine.

29. RoycoiLt's Diagnosis of Ankylostoma Infection- Lancet
March 25-1911. e
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eggs8 can then he sepmrated from crystals and heavy deb-¢
L}

-ris by centrifugalisixu? I harve found this method use-
~ful in cases of mild infection.

30
de Method of culture. Take a amall petri dish,4 inch --

deep. Put circular hits of blottiing paper about 25 inch-
-es long and %+ inch high. Fill the dish with water near-
-1y to the level of the top of the paper and cover the —-
raper with a thick layver of faeces. Incubate at 56’0 to
38° 0,for from Tive to seven days. After this period,the-
larvae will have hatched out of the eggs and swim in the
clesar water. They can easily he found By centrifugal is--
~ing the water. Bruns,whno has investigated ankylostomia-
-8is in Westphalia, has stated that by the method of cul-
-ture,egecs were found in 99 % of infected persons,where-
-a8 by ordinary methods,eggs were found only in 40 % of
infected pefaons.

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

the ova of ankylostoma are more sticky than those of ---
cther parasites. Take a Tragment of faeces which has ---
been sédimented. Place it on a slide for a few minutes.

Gently irmerse the slide in water., As the ova are sticky

30,RBoycott's lecture on 'The Diagnosis of ankylostoma --
infected. Lancet-March 2£5,1911.

dl .Castellani & Chalmers' Manual of Tropicel Medicine-
2nd.Fdition-Page 1310.

-



49

Bticky,they adhere to the slide. Eggs of Ascaris,tricho-
-cgphalus dosper, if present in the faeces,are washed away-
in the water, I have found this a reliashle method.

Telemarn's Method. Take a amell portion of faeces and

shake it up with equal parts of ether and hydrochlorie-

Acid. Filter. Centrifuge & examine the hottom deposit.

Plotting paper test. This was introduced by Stifié.

The test may be made with blotting filter or ordinary --
paper. 1t is as follows:-

Fold an ounce or so of faeces in paper and allow.to
stand for several hours,then unwrap and examine the pa--
-per for bhlood stgins. Stiles believes that in many ----
cases,owing to hites of the worms,traces of plood will--
‘appear in the faeces.

Examination of the Tlood. Fovectt has atitached great -

importance to the examination of the blood. He thinks --
that in mines the examination of the faeces is not easi-
-1y conducted. In some cases,he has noted that infeéted
miners,in order to evade the doctor,have given healthy -
faeces for examination. He finds that if on examination
of the blood of any patient suffering from anaemia,the -
percentage of eosinophnilis is above 10,there is a very -
32, Stiles' article in Osler & hWae~ae 3 system of --

medicine.



wary gé:l‘ong prebability of his heing subject to a.nsz'los-‘
tomiasis, Flood examination can be conducted easily., ---
There is little chance of deceiving the doctor,as every--
specimen of blood required for examinatien can be taken -
by him. Roveott's conclusions with regard to the relation
between sosinophilia & ankylostomiasis are as follggs. ;E'
Increase in ecsinophilia hegins to show iftself so early -
as three weeks after infection. Eggs usually are not ----
found in the faeces till at least seven weeks after in---
~-fection. BRoyeott examined 148 infected mern in Cornwalls
The pvercentage of =osinophils in a differential count.of-
500 lencocytes on a strained film,varied hetween 3 & 73 f’;
Shas s RawsT, iy helicen G e porcet & 159 showed more- -
than 8 & of whom 123 had mor‘é then 10 % and 49 more than-
20 7,the average of the whole number was 18.2475. The -—-
mc;st marked regction sesms to occur in young people wWho -
have heen only recently infacted and ray not have hecome-
anaemic at all. In cases of longer standing,the number of
eosinophils meyvy be much less & in cases wnich lave reach-
-ed a severe degree of anéemiai,ma:r he even less than nor-
-mal . Ashford has shoewn clearly that the responsiveness -
of the marrow may he depressed or almost destroyed by ---
33.Boycott's Report to the Secretary of State on Puagmess
ankylostomiasis by examination of the hloocd. or

34.Roycott's M a 4 #s0f Ankylostomiasis Infection-Lancet
liareh 25.1911.

-



By long continued severe anaemia. Absence of eocsinophilia
wa s fOupd in Porto Rico to indicate a had prognosis. The
effect of treatment on edsinophilia is very irregular. In
<he majority of cases,startimg with a marked sosinophilia
the laftocvtis pradually comesto normal or therealouts as
the worms gre expelled and the patient recovers. In wvery
anasmic persons, treatment may produce an eosirophilia -
which subsequently declines. Fosinophilia is of no value
in pauging the results of treatment-or in ascertaining --
whether the worms have died out from an infscted person.
I thirk that diapgnosis by exanination of hlood alone is -
noct of use in tropieal countries,as other parasites than-
Ankylostoma cormonly infeést man and they also induce the-
produetion of eosinophilia, I have noted ssveral instan--
-ces,in which ascaris 1umhricoidas,and trichocephalus
CLbhv»have been present along with Ankyvlostoma ducdenale.

Differential diagnosis. Ankyiostomiasis has to be diffe-

-rentiated from a) pernicious anasemia, h)Reriberi, c)--
y e ,g)ﬁ-“m-'cecthwt: W\Aﬂm
Kidney disease, d) Kala Azar. Bach of these will he sepa-
¥ ~
-rately considered.

a) In pernicious anaemia,the patient hecomes extremely -

weak and helpless. In ankylostomiasis,the patient is not-
cenfined to bhed even when he has a high degree of anaemia.

In pernicious anaemia,no henefit is obtained by the pa---
= -tients




patient's removal from one place to another. In ankyvlos-
¥

-tomiasis,change to a non-infected area fends Lo produce
a cure,combined with specific treatment.

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

=lour index is 1 or about it. In ankylostomiasis,it is -
low and hecomes lower in proportion %o the fall in hae-
moglohin. Again,sosirophil id&¥ is markedly present in ---
ankylostomiasis,but not s0 in pernicious anaemia.
Poikilecytosis,normohlasts and megalohlasts ére.more -——
marked in pernicious anaemia fthan irn ankylosftomiasis. --
Again,the volume of hlood in ankylostomiasis is twice --
that of the normel. The anaemia is due Lo the diluted --
condition of the blood and not to a real deficiency of -
the haemoglohin and red blood corpuscles,whereas in pgru

90
-nicious anaenia,there is real deficiency of haemoglohin
Ankylostomiasis is found in hard-working peasants,where-
-as patients suffering from pernicious anaemia are not -
fit for any kind of work, In pernicious anasmia,naither
the eggs nor the adult worm ankylostoma will be found on
examination of the fasces.

b) From Beriberi. In Beriberi,muscular faebleness is -

well marked,but not sc in ankylostomiasis. Again,in Beri
heri,there is hyperaesthesia of calf muscles together --

35. Anaemia in ankylostomiasis by Boveott-R.M.F. Nov.
9—190"; ®



fogethcr with ahsence of kneejerk, In ankyvlostomiasis,--»
the kneejerk is normel and there is no hyperasthesia of-
the calf museles, Thirdly,in Beriberi,there is numbn2ss,
especially in front of the sficws, ,whereas numbness is --
entirely absent in ankyvlostomiasis. In Reriheri,examina-
-tion of the faeces does not reveal any infection by =---
ankyvlostoma.

From Kidney disease. In ankyvlostomiasis,the patisnt ---

passes urine freely. In kidney disease,the excretien of-
grine is deficient in quantity. Again,the urine is_pale

and clear and free from casts in ankylostomiasis,whereas
the urine is cloudy and contains numerous casts in kid--
-ney disease. In kidney disease,no characteristic ova -
are found hy examination of faeces.

d) From Kela Azar. The anasemia of Kala Azar is a sort -

of Cachexia., In Kala Azar,there is enlargement of liver-
and spleen. Fever is &8lso a very constant symptom in ---
Kala Azar,but it is not commonly found in ankylostomias-
ig., Prostration is & well marked feature of Kala Azar --—
but not at all pronounced in ankylostomiasis. In Kala --
Azar, Jecsfar Domovenhodies can be found in splenie

pwee Or even in peripheral blood. In Kala Azar,ankylos--

-toma,either as ova or as worm,is ahsent in the faeces.




Pzge 58, A,

e) Trom anaemia due to lalaria.

B T T T e P S g

In anaemia due to malaria, there is usually --~=--

gntargemnents of SBpleen. fhere will be periodiecsl atbacks
of malariagl Feéver. During the attack ¢f fever, if a =

drop of blood be taken from the patients aad examined ilnder

< -

the microscopes malariagl purasites will be found.

dlononuel sar lucoytesis is found in Lalaria, where ag ~=~

eosinophilia is a marked feature in ankylostomiasis.

In malaria, the loss of haesmoglobin is only in ==

vroportion bo the loss-of red blood corpuscles, whers as

in ankylostomiasis the loss of haemcflobin is Ffar =-—-=-
greater. In ankylostomiasis, the characteristic S¥a=w

will be found in the faeeses.

36, Bir Patrickmanson's manual of LTropiedl

digeases. Fourth Hditicm. 1911= Page 722.
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Qomplications due to the coexistence of other diseasss,
inerease the gravity of the case. Prognosis is very ----
grave in parfturient women. Fven a small loss of bloed -
during delivery,is very badly horme by patients suffer--
-ing from a high degree of anaemia Pésidﬂs,the gtrain =
and exertion of labour may bring on heart failure., ----
Patients may die soon after the child is horn. Postpagiﬂ
tuUmJﬂﬂdwﬁwﬁ&LA%ﬁiS not common. Premature del ivery is --
common. Children may he still born or may be horn hegl-~
-thy. Sandwith says that in old people,ths outlook gets
worse every vear after 50, In hot countries,the progno--
sis is also rendered serious as patients are apt to neg-
—la&t their healih. Again,the chances of reinfection are
very great in warm countries, Prolonged illness leads 10
fatty degeneration of the organs. Patients suffering ---
from ankvlostomiasis have very little power of resistance
and so they bhecome easily susceptible to other diseases,
such as %ronchitis,pneumoni&,tuherculoiﬁs and rheumatism.
As intestinal mucous membhrane is always injéred in anky-
lostomiasis,other pathogenic hacteria,as for example,---
those causing ewteritis and typhoid fever,gein access -
to the intestine easily.

In cold countries,ths disease is found usually among

5&% Daniel's Tropical Medicine & Hygiene, (1st.Edition)
Vol .II-Page 138. =
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awong miners, The prognosis is favourabhle as they are --
¥
®asily brought under treatment ‘and the chances of rein--

-fection are also remote.

Treatment. This Mgy he dealt with under ftwo heads- ---

prophyvliactic and Curative.

Prophylactic measures.

Dr.Castellani,in his Manual of Tropical Medicine,-
thus sums up the preventive measures apgainst ankyvliosto-
o :

~missis,

Summary of preve niive measures.

Hduecational .

Instruction'of riecn & poor with repgard to the methods -
of infection,symphtoms,treatment & prophylaxis.

Pergopal Prophylaxis.

1. Protection of the feei,

2« Protasction of the hands.

S« Immediate treatment of the eruption on feet or hands.
4, Necessity of early treatment.

Public prophylaxis.

1. Search for and treatment of carriers.

2. Search for cases of the skin eruption and treatment -
of the same.,

Search for cases of anaenias & treatment of the same.

Provision of sanitary cenveniences kept in good con-

-dition and associatedwith a good system of conser---
=Tancy.

LA

>

These metheds will be discussed in detail.

3%. Castellani & Chalmers' Manual of Tropical lMedicine-
2nd Féition-Page 1316,

b =



Educational messures. At Porto Rico, the patients

were given medicines and 8 card with instructicns. On the

card were printed the follewing

%-1}.,-4_,;- v
a Take one of the two purgatives to you tonight

(sodium sulphate) .

2. Take at 6 A. M. tomorrow half the capsules (all
the capsules equal 45 to 60 grs. 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 ether purgative at 10 A, M,

5. You should neither drink wine nor any alecoholie

liquor during the time you are taking these medicines.

6. Come for more medicines until the physicien says

yeu are cured.

5.8 Have a privy in your house. Do not defaegate on

the surface of the ground but in the privy.

8. Do not walk bare footed sc that you may avoid
caatching mozamo®sa in your feet. Wear shoes and you will

never suffer from anaemia.

Mueh good can also be done by delivering



illustreted popular leetures giving in detail the main
signs of the disease the great suffering induced by it
and also the results of suceessful treatment.
Sir Patriek Manson outlined a sanitary eeheme
39
to stamp out this disease. The details of the seheme

were

(1) In villages or districts infeeted with the dis-
ease, & headman should be eleeted who would be responsi-

ble for earrying out lceal 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 shoulé be a Speeial Inspeetor General to
deal effeetively with sanitary methods to be employed in
warding off the discase . He should supervise a group

cf eolonies and be responsible to the Seeretary to State.

Pergonal Prophvlaxis.

1. Proteetion of the feet. Wearing boots ie a very

effieient protection for the feet. ¥For ecoolies, this is

not posaible. By dipping their feet first in a bucket of

3qudic&l Annual- 1910,



tar and then into a bucket containing fine sand, they get
a good coating of tar on the feet which serves as a pro-

tection against the entrance of larvae.

Protection of the hands. Hands should be thoroughly

cleansed with scap and water before they are used for

partaking of food.

Immediate treatment of the eruption 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 (1 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 pQEE;giﬁg should be incised and cleaned with (1
in 40) carbelic lotion. Next the whole part should be
dressedunitfont sosked in carbolic lotion. For itching

Dr, Castellani recommends the following cintment:--

Acid salicylic er. N
Zinc oxide 30
Vaseline =

The affected part should be dres%?d twice daily.
Internal treatment should alsc be reverted at the same

time, in order to expel the wornms.



Public prophyvlaxis.

1. Search for’&’treatment of carriers. This is

very important as the carriers if left untreated will

gerve to transmit the diseasse to healthy individual.

Search for cagses of gkin eruption and treatment of 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 sane.

Prompt measures for dealing with all cases of anaemia

will tend to rootlout ankylostomiasis.

Provigion of sanitary convenience kept in good 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
General prophvlactic measures 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 prot;ct the healthy from contracting the disease.

40, /mej&wmm S B Ny g ek e i
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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. Bx. KXremnitz. These are free from ankylosto-
miasis. By lowering the temperature of the mines and re-
ducing moisture, much good can be effected. In damp
mines, there will be water-pools and accumulsations of
mud. Mud should be removed in buckets. Water from pools
should be collected by means of chaunels 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 sbove 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 sufficienf water for washing their hands before
eating. GuiAart suggests that there should be dressing
lovatories. 1In esch lovatory, there should be a big hall

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 them 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 clowele and puts on his hots”
clothes in the dressing room. The advantage of an ar-
rangement like this is that the chances of the workman
carrying contagion whep he gees 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
microscopicaelly and that there ﬁere no ova in the

faeces.

General prophyvlactic 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 is not very objec-
tionable. In these cesspits, some flies (for example,
Sarcophagidae), deposit larvae. These larvae eat up the
eggs and larvae cof 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



larvee are killed by the bacilli which abound in the
tanks. In the process of making pondretle from the
faeces, the eggs and larvae of ankylostomes are complete-
ly destroyed. A pure water supply is necessary in places
where ankylostomiasis is prevalent. It is a safe rule

to use only boiled or filtered water. Farm lsbourers,
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 pértaking of food. Whenever possible, those who
work in the fields should wear boots and pukkies. Night
s0oil 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 Westphallia were examined for
ankylostomiaais.' Those who were found suffering from
the disease were excluded. In 1900, another regulation
was passed forbidding employment of miners from Belgium
o Coniise s )
and Hungary. On investigating the disease, Werejn..dkhe

(1) Soiling of the ground by humen faeces which
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contained ova. (2) Range of temperature of the mines.

(3) Moisture of the ground.

4®
g b=

Measures adopted to check the diseas 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 geood privies were constructed
underground and men were enjoined not to pollute the
ground., Instead of & 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 1id. The disinfectant used was milk of lime (1 in
4). Another plan of disinfection adopted was to keep
some water in the receptacle. Flcating on the top of the
water was an oily disinfectant,so that as soon as the
facces were passed, they were covered on the surface with
a film of the disinfectant. This plan destroyed the%ég;;
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 J.S. Haldane.



was pumped from a large iron vessel through a hose. Pre-
cautionary measures, together with effective treatment,

causged a marked improvement in the health of the miners

in Westphalia.

41
The following tahble shows this conclusively.

No. of infected men. Per cent.

May - October 1903. 14548 100.0
February 1904. 3663 é5.3
November 1904. 3288 22.6
October 1805. 2352 16.2
December 1905. 2103 14.5
January 1207. 1366 9.4
August 1907. 1111 256
April 1908. 8956 6.2
March 1909. 749 5.2

Measures adepted—in-Lornwall.

Measures adopted adopted 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 intoe the
mines. The Home Secretary for Mines passed the rule that
'The owner, agent or manager shall cause a sufficient
number of suitasble aanitary_cOnveniences to be provided
above and belcw ground, in suitable and convenient pleaces,
for the use of the persons employed, and to be constant-
ly kept in a clean and sanitary condition and no person
shall relieve hisg bowels belew 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 ankyioato-

miasis became very few.

In some mines, the want of moisture and suit-
able temperature prevents the spread of ankylostomiasis .
Ex. 1In West Kitty Mine at St. Agnes owing to cold and
dryness of the mine, the larvae could not thrive. On
examination of the minérs,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 df the Levant Mine at
St. Just, in spite of its having the required temperature

and moigture is said to be due to the salinity of the

water. In the Transvaal, the water in the mines contains



acid water (sulphuric acid from decomposing pyrites).

The larvae of andKylostoma are killed by 1%
sulphuric acid. The water in the mines contains more
than this quantity of acid and so the mines sre free

from thig disease.

Measures adocpted in Porto Rico. Agshford 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
ankylostomriasis 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, Of these, 48% were cured, 31% improved, 1/2% died
and the remainder could not te 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-

ticns. The instructions contasined in the card have al-

ready been referred to in this paper. Thg patients



contimued to vigit the dispensary till ?E-a;aere absent -
.
in their faeces. The work done during tle vears 1904-09

. : , ’ . ;1
is summarised in the following table M

e R S s s e e e mE TS T B TS G W R Tew R 09 Sm S o S e B8 R e mm R Tw Tu mm T S e R SRR e M e Rw e M ww e W e e e e S

visited. visits. deaths. £
1904-08 5490 22000 27 991
1905-06 18865 76896 57 2162
1906-07 89233 425131 193 0823
1907-08 81378 472407 93 11390
1908-09 54725 305598 48 6472
Total 249688 1302032 426 £30838
L,

Poycott on Ankylostoma Infection- Lancet-April 1,191l.



In Ceylon infected faeces are mixed with coir fibre and

burnt in smsll incinerators.

Curative treatment. The drugse used are'Thymol, B

naphthol, extract of male fern, euculyptus and chloroform

mixture, [-?-o"r Mw' Q._g,c;._,—n,}u.;/é. o7 -[ﬂfv\:ac.Lut: ?.’1.11_.!(_,91:‘9:/\.-‘\/:—-"—" ;

i
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Thymol ig the drug which has been used on a

very largé 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 hourg after
taking the last cachet. This treatment should be repeat=-
ed on three successive days. The fascas are examined

Tor ankylostomiasis on the days in which he takes medi-

cine and also on the fourth day. If at the snd of a

w2ek, faeces should contain ova, the treatment should

be repeated .



Treatment adopted at Porto Rico’ 30 grammes of magne-
sium sulphate are given in fhe evening. Next morning,
patient is made to rest~ih bed and at 8 A.M,, he is given
2 grammes of thymolzin-capsulés on an empty. stomach. At
10 A.M. a second dose of two grémmes is'giien'andhaf'iz

noon, a second dose of salts (30 grammes of magnesium

sulphate) is given.

Schultz's methox a4 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 doss.

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 97.87% of the worms
were expelled and after the second treatment, all the

worms were expe;led.

Lk3Ankylostomiasis in Medical Annual, 1909,
Ly Do. Do. 1913.
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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.

Sandwithtgﬂpethqgéa 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.ll., he is
given 30 grammes of magnesium sulphate. For the rest of
the day, he is kept absolutely at rest. At first, Dr.
Sandwith 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.

gﬁdu;
Ireatment _f%:_rp'r_x;w.g_]._;. 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

Ll'7-:‘.;1;:!.].&33'8 article in Oslen & Macrae's system of

Medicine
ulL,Sandwith's Medical Diseases of Egypt, Voil. 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.

Dosage 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. Amount_of thymol.

For children under 5 years. 7.5 grains.

Between 5 & 10 5 15 grains (one gramme).
Lo 20 % 3B Ss 30 grains (2 grammes).
yy 15 & 20 % 45 grains (3 gfammes) :
Sy R0 60 » 4 grammes (60 grains).

Above 60 o 2 or 3 grammes.

Contraindications for thymol. Thymol should not

be given to patients who are weakened by exhausting dis-
sases. Pregnancy, advanced cardiac or other organic
disease, a tendency to vomit, anasarca, chronic diarrhaca

and dysentery are also contraindications.

Precautions to be observed while administering thymol.

Patient should be kept in bed quite at rest. Castor oil,



alecohol, 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.

Symptoms of thymol poisoning. Temperature is lower-
ed by loc or 200. Both pulse and respiration are 8lowed.
Patient becomes giddy and faint. He may be collapsed.

As a rule, if kept in bed for a few hours, these symptoms

pass away.

Treatment by B naphthol.

Castellvi's method &' 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-

gion with 30 grammes of sodium sulphate and 30 grammes

of rhubarb infusion). The tresatment was repeated at the

L7 Medical Annual 1909 - Ankylostomiasis.
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expiry of a week. Castellvi treated 33 cases. His re-

sults were

Two were cured alfter one treatment.

Nine 53 two treatments.
twelve 5 three treatments.
8ix s four 5
Four - Tfive i

Nicol's method 7¥ He gives three doses of B naphthol
(30 grs. sach) 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.

I have tried B naphthol in small doses, dbut 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.

Mangon's msthod. Sir Patrick Manson first introduced

N% Medical Annual 1912 - Ankylostomiasis.



the eucalyptus, chloroform and castor oil mixture for

treatment of ankylostomiasis. The formula is as follows.

Bucalyptus oil sucalyptol swéat%fs
Chloroform M 45
01. Ricnii z=% 3 X

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 cases where
owing to extreme debility, I could not give thymol. I
have also found it very useful in treating patients who

have diseasa 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 mixturs.

Extract of male fern. This drug is used on a large
scale on the continent of Europe in treating ankylosto-

miasis.

The hest way of aduministering it is as follows:-
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M.M. Molvoz and Lamhinet's treatment at Liege. ’

*

In the evening the patisnt takes a cachet contain-
-ing
Jalap. i 1 _
l aa 0.25 gz".
Calomel . 2% i ;

The second day,in the morning he swallows eight cap--
-sules,each containing 0.50 gr, of extract of male fern,
and after one hour,another eight of the sawe kind.

The patient must take care %o stay in bed to aveid
nausea,vouiting,giddiness,&c.

During the morning,he will take some very strong --
tea or coffee and at 2-P.M.a light but substantial meal-
of soup,beefsteaic,ecegs or vegetables, After a day's ---
reat he swallows,fasting,the following draught,which he-

will take at two times with an hour's infterval.

Ethersal sxtract of male fern. 4 premmes.
Pure chloroform. - 2 e
Glyeerine,neutral. s 40 .s

He stays in hed till 2-P.M. and then can bhreakfast.
This treatment has to be repeated generally two or thres
: R

at intervals of a week or a fortnight.

HqAnkylostomosa: in Brouardel =t Gilhert Nouveau -----

Traite' de Médscine 1206.iv.p.
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+1zal® has heen tried in large doses and found effective,

in expelling the worms.

: : ©
Treatment by Coliform Vaccingd

Captain Archibald has treated one case of acute ---
Agchvlostomiasis by means of ar autogencus vaccine of a -
coliform organism which he igolated from the fascss of -
the patient. The patisnt received an injection of 500 ---
million organisms. Five days later,he was given an in---
-jeetion of 1000 million. He was given a third injection
after another week. The patient showed improfemcnt B00ON~-—
after the first injection. The conclusions arrived at by-
Captain Archibald are that,in some casss of severe anky--
lostomiagis,symptons may he due to absorption of intesti-
-nal organisms and their toxins, and that in such cases,-
injections of vaccines of the coliform organism are at-——
tended by highly beneficial results.

In al) these,affer expulsion of the worms,some prepa-
~ration of irom should he given to combat the anaemia, My
own experiencs has shown me that of all iron salts,Ferri-
et Ammonii ciftras is the best ard most agreeable to the --
patisnt,

Put the treatment of this disease has recently taken
T%ournal of Tropical lMddicine & Hygiene--September 1 ----
19315, -



taken a new turn, suggesting brill iant possibilities for
g :
the future. After the immortal Pastsur had revolutionissd
the nediecal world as to the causss of putrefaction,the -
famous exponent of his theory. Professor Metchnikoff,by -
his lahorious researches,proved that intestinal putrefac-
-tion had a great deal to do with the causation of di~----
- 3eases in seneral, It is well Inown thet his advocacy of
the sour milk treatment to combat intestinal putrefaction
was the direct outcome of his researches in this direec---~
~tion.

Later ,William R.Hunter showed by his rsssarches,that-

= . !’“"’l_":"[an-

intesgtinal toxaemia playedﬁanaemiga in general. He accor-
-dingly proposed étrict attention to hygisene of fhe mouth
as a preliminary trealtment of all kinds of anaemia.

Captain Archibhald,following up the line of investiga-
-tions suggestad by Hunter,came to the conclusion that -
intestinal toxaemia was a material factor in the P OQUC~ -
~tion of ankyvliostomiasis., In the courée of his researches
he succeesded in isolating a coliform organism from the --
faeces of a patient who was suffering from acute ankylos-
~tomiasis. On making an autogenous vaccine of this orga-
-nism and injecting the patient with gradually increased-
doses,he was able to afford material relief to the patient .

( "ide Journal of Tropical Medicine & Hygiene-September
1,1013 .) 1%
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> FPesides Vaccine therapy,which has heen,before the -
Medical World for some years,there is another new hranch
of the Scisnce which is also fraught with nueh promise -=-
for the relief of suffering humaenity. I refer thﬁgavJ%EF?‘
The markedly beneficial action of Kinazyme,and Lym-
phoid compound and Ovamnoid compound,in the treatment of-
tubercwlosis,goitre and disorders of menstruation,is now-
a-days very well known %0 every practising physician. In
‘the present state of our knowledge,there is reason to ---
hope that further developmenrt of organo therapy will lead
to the discovery of some remedy fTor combating ankylosho--
-miasis,the serious sconomic consequences of which is en-
‘-gaging the atterntion of politiecal and medical authori---

-ties in several parts of the worlg.



Summary of Thesis.

An investigation of this diseass is important,as this is
one of the most common causes of anasmia in the tropics.-
This observation applies with spécial force to Travancore
wirtich is an agricultural couniry and which,geologically,
is of a nature favourable to the prevalence of the di----
-g8@ase., This diseass has bsen recognissd hy Medical men-
from anciert times,in Egypt and India.

It is now found to he prevalent in Central & Sou---

0

~thern Furope(Vide Page 45 - ),but not found ahove 52 N.-
Lat. In Asia-Casss have occurred in Japan,Purmah,Malay -

Archipelago,Cevlion and several parts of India,including--

Travancore.

In temperate climates,thes disease is found only in-
Mines. The colder the climate,the less virulent  the at-
~-tack of the disease. There are three kinds of parasites
belonging %o the species Ankylastomum!which'praduce the =
disease. OF these,Ankvlostoma duodenale is the commonest
in Travancore and other parts of India. MNecator America--
-nus has heen observed in different parts of India,but --
only very rarely in Travancore. Ankyvlostoma Ceyvlanicum -

was first recognised in 1913.( Vide para Tabular State-~
~-ment-Pages lb: «7) .
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Was—Tirst recognised in 1915 {Vide para— Tebudar—State-
-mert=Page— )

Development of the parasite is briefly thus:-

The female lays the esgs in the intestines of the
host which develop into larvae. These larvae undergo four
succ®ssive scdvses. ( Vide Pagesls,19) .

For infection of man, the larvae should have at ---

least passed the second moult. Experiments have shown ---
that direet infection from mean to man is impossihle.
Air ,moisture and warmth are nscessary for the development
of larvae. Hence it is impossible for the eggs to hatch--
while in the intsestines of the host. Some antisspiies ---
readily destroy larvae. Comnmon salt is one of the common-
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 comnoner. This
faet accidentally discovered by Professor Looss oS,
His experiments have gone to determine the mode of infec-
-tion., ( Vide Pages14.1b:).

The possipility of skin infeection is confirmed hy -
the analogy of ground itch,common in several parts of ---

India. Skin eruption caused by this parasite is cormon --
- enough



lenough in mines in Furope,but not cormon in Egypt or ---
Travancore. Prorebly this might be due to the fact that
comnon people and coolies walk ahout hare-footed and so

develop hardness of skin. Originally,infection hy the --
mouth was considered to he more common than infection by
the skin. It was this kind of infection which Perroncito
observed in St.%othancd-Junnel.

This kind of infection is cormon enough in Travan-
~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 rno proper provi--
-gion 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 sngaged in the construction of mud

walls,which usually surround homes in many localities.-

Symptoms produced by the parasite vary according to
climate heing mild in temperate climatesand more grave--

in the tropics. The disease develops characteristic symp-
~toms
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svmptoms when it affects various organs of the hody.(vige
Pagesis4a) » Puffiness of facems, oedema under the eve-lids~

and pearly white conjunctiva,are among the common signs--
of the disease. Different views are held hy different au-
—thﬂrities as to the causation of the anaemia by ankyvlios-
-toma, Dr.Castellani's view appears fto he the most accep-

-table.

Diagnosis is commonly made hy recognition of the --
ova ,as worms appear in faeces only, if expelled by medi-

= cine .

Ankvliostomiasis is sometirnes confourded with perni-
5 . - . ; : . b Oan. e
-cicus anrgemia,heriberi,kidney diseases and Kala Azar,hutﬁ;EML

the ova,if ohserved,decide the case.

Prognosis is bsd in old pecple and pregnant women.
Generall y,prognesis is graver in tropical countries,as --

the people haseless power of resistance.

Treatment of the disease may be considered under --
two heads: -
i) Prophylactic, ii) Curative.
Provhylactic measures fall under 3 classes:-

i) Fducetiongl.(Instruction of the poor in regard %o

the nature of disease and conditiors of infection).
—
ii) Personal, (Fpr example,protection and cleanliress

as regards lerds,feet &c.)



o

= iii) Public. (Precautionary measures to he adopted,
b . .

for example,against faecal contemination.) Different --
measures have been adopted in different countries,for --

combating the disease,with varying results-( Vide Pagefs ¥
-

ii) Curative freatment.

Several drugs have heen used in fLreatment. OFf
these,thymol has heer found to be the most useful in ---

practice for expell ing the worus.

The treatment hy Coliform Vaccine is still on its--
trial, When the worms have heer expelled,anaemia has -

tc he commated hy some preparation of iroma~

Ferri et Ammonii Citras has heen found in practice
to he the rest and most agreestrle to the patient. PRut --
apart from all this,the ftreatment of the disease has a --
brill iant future in the new possibhilities supgested hy --
the researches of Captain Archibald,(Journal of Tropical
Medicine & Hygiene. Sep.l.(qi3 )who,no doubt,must have ---
been henefited by the views of Hunter on the causation -

cf anaemia,through irtestinal toxmemia.



Apvendix on Hindu mesdieine.

e T T e e ]

A The Ashtangahridaya by Tagbhate is one of the ==
authoritatcive works on iindu wedical scisnce It is ===

orie of the mementoes of ITndian Buddhism and must therefoie
be more than ten centuries old.

Aecording to Tagbhata, Uthe disease ig called ----
TPandu™™ because das a result of it the skin sssumes & ===
pandu (pale) yellowish or greenish colour, and in any --
case paleness will domine +e 2ll theéese texts.

Terse &, Chapter X111l
.

Ashtengaehridayva.

Symp toms.,

rt L. .

Taso~-lparak tanedasko nihsarah sy& chilathe 1dr1"ag
e A
uﬂdkSﬂlhhudﬂ vadanal kopanah SHtklvanolpade
: A s By :
sannadvitscsiradveshi sirna roma hatanalah
- [ A R & RN
sannagalktho jveri svasl karnakshvedi bhrami srami

Terges 5 - 7 cni x11L

Translation.

As a resuldb of this disease the patient becomes =~
emaciated and blood-less, Weak and feeble in action =~=-=
(mentsl as wellas physical )having his eyelids swolens=--
indolent ,always inclined to be angry (or peevish) fond=-

of gpitting often, reticent, not relishirg his fogd, ===



food, hating cold, with his hairs falling oul, =-=======

digestion impaired, tired in the thighs, feverisi

13 ———

2

P

breathing hard, attended with singing in his ears, -=-=-

giddiness and exhaustian .

] ol ..-f\ P.,._ A i e - T

Tirst symptoms ( or pragrupam) obgerved before---
actual identificaticn of the disease by standard ======-
Symp toms .

WA 5 : A
Pragrupamasys= hridayaspandanem riukshiatatvachi

e i~
Aruehill pitemutratvam svedgbhavo-3

Translation.

The first symptomns of the disease arel-
Palpitation of the heart, roughness of the skin, loss of-
appetite, yellowness in the urine, obstriueticn of =-=-=<

perspiration, weak digestion.

Tagbhata says that this disease may arise from =~-

gmong other things, sating earth.

'erse 7 Chapter X111

2 Charaka., who Xived in the fiprst century A. D, is
the most aneient authority in Hindu medical science. --

His views gs to the symptoms of the disease are given in



in verses 1lU to 14 chapter 20 Chikitsl tasthanaon ~--=-=--

charakasamni ta. There is § general agressment between --
hig views and those of vagbhata, Hoth sgree also dn ==

thinking that eatihg earth is & cauge of the diseszsa.

3 sugriuta whe cannot ba placed later than the fourth-
century A. D. considers eating earth as one of thg =====-
first symptoms (pragriupam) of the disease and not a ----

Colis e .

Verge & €h: X111V,

Uttarasthanam, Susruta samhi te.
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Irestment of ankylostomiasis according o Hindu medicine.

o g

Boil galls in cow's urine till the urine hasg-===~

coripletely svaporated. ( for 100 galls, 48 ounces ¢f---

L4

cow's urine ars reguired). lgke the kerael oul of the

=

gallnuts, ‘he covering of the gallauts which has a ===
layer of solid constitents of cow's uring, is finely ==-=-
powered.For adults, the dose of rowder given is 37 ~====
grains., The powder is adminsgtered. in warm butitar milk

: F i TR
neve the power of —=-

twice a day, for a fortuight, &alls
. AL S L emepeb i

expelling wormas., ruriried sulphate of iron.is given =

aftercwards to combat the snasmia. e prevaration of ==

; : : Tt Tt
iron is given a. forunighu.
"



Illustrative cases.

Casel 1, K. Al B3, nalr mother of Three children, one
of whom is suffering from ankylostomiasis, HeEp A,
comfortable home. bhe liveg in an nhesal thy locality.
e had been suffering from pain in epizgastriiun. ller
pewer of dipestion Was very poor. he lhad o fesling as &
if sormething was gnawing her inside. Firgt came for ==

tregtient on 15=8~12., On-° examination shs was 10t -r==

L15]
L4
B
a

4

3
£
—
E:T
.‘_I.":
l..J
@]
»

She had only digestive frouble. he

yeperaia but did vov derive any benefit

was treated for
Sxgmdnation of faobges revenled many ova of A. Dagdenale.,

=he was given four doses offnaphtnol of 1 gramme zaeh. =-

wuﬁ.
followad Jwé: WET S given at intervals of & wesk. A% the
gnd of & month she felt much bettexr, and there were Ao
ova in the faecés. I anotheA-two months, shs Was ==
completely rastored to health.

age 2. I, I, 20. Brampian, student, Patient econtracicad

.

the disease while residing din an wihsaelthy locality.
He:aad mainly digestive troubles. e was admitted on
256=10~12 He was given two courses of thymol, gt «====~- -
intervals of o week Which expelled 211 the worms. The
anaeamis was not sgevere. On adnission he had 50% H.b.

ifter treatment for seven weeks the haemoglobin rose to

R thepre wae also areat improvemsat in his gensral
hezlsh.



h=, 2. Admitted on 31-12~'13 caie for

0
Ousap

,
X
-

SEse

traatment on weecunt of anaemia salong with digestive ---
Lo 8., e wa iving in an unheal tl geali bty an ;
trouble e was living in an unheéal thy loecali £y d ey

working im the fields. At first he had deprayed =-=-=—=

appetite, but later on, be Ffound hs was not able to =-==-

digest food. e pot three courses of thynol Treat-

ment firom whiechn he derived pgrzat vengfit. FPrors of =--
diest were attended fo. e was given medigine with the
pbjeet of promoting digsstion, ow at the expiry of two

months, she has shown great lmprovensnt. '$or eombating

the angemia Sonmiel's lgematogen was found useful.

rase 4. Abdullah. 3b6. lLghomedan. Sane in fox treat
ment for anaemis and palpi tation on 16=9=-12. He notleed
he was gelting pale about 6 nionths ago. radiually he
bacame weak and unable to do Work. rrevious to this,

he had been in sound hesalth.

Social condition and habiisg. e lives in a sandy ==

loeality. Yhe soil is dirty. e has built mud walls.

1€ has algo done cooly Work. Family history ig ======
satisfactory. On examination he is fairly well ~=—-==-
built .. Skin hag & yellowish tinge. Conjunctivae ===--

"

sarly white. Lips and gums very pale. Appetite ===~

Viery great. e nsed fto 2at sand and broken bits of ===
sartheaware, 5loocd Watery. Haemoglobin Ib: e had ~==-=

palpitation on slight sxertion, but no bruit,. LAfter -=-

four doses of thysol at intervals of a week, ankylostona



digsappeared from the faeces. He Was &lgo given iron anc
digi telsib - In tWo months he wags really dmproved in ~-

hhsal th.

fage To. 5. . 39, Admitted on B0=8=12., Dooly
complaint palpitation and anasmia. =tate on adimission.
patient poorly develocped. iHas: puffiness under eyelids.
Zome: swelling on the dorsum of both feet. Face very pale

Lipe and gums white Tongue white. Havenous aprpeti$ate,
feels gnawing pains round upbiliecns.

sirendatory system. Blood watery Hd&S. 10 ..

R.BaC. 7,50000.pain gver prascovdia.

Pl se 22, ervollg systen. Fatient has slight headache
numsreus ova of ankylostome.found in the faeceg., Ie

was gilven two courses of LDanaphthol one gramms each and
two éﬁgﬁgﬁhf ghymol two grammes =2ach. e remained in
Hospital ©ill 15~12-12, during which time hs g&ined in
weipht The HE By voss to 45 . and the number of R.5.0
to 3 milli&hs.

Jage Wo. O K. K, 49. Admitted on 15-11<12. Complaint
Palpitation and angemia.

Family history. s mother died of Anaemia Wwith dropsy
one gistery aliwve. she W%% also very anaenie. He lives in
& sandy unheal thy area. He is a labourer in the fi&%ﬁs
iie hasg pigmented areas in the tongus. lias palpitation

o glight extertion but no bruit.



lase . Rog 2 6 . fdmitted on 10~5-15,

Somplaints. (similar to case 38).

Familty history. TWo! slsters clder one died of
anazemia with dropsy. The younger one has been undex
|y trestment for Ankylostumiasisl

Social condition and habits. Patient has a fairly
comfortable home in a sandy locality. 0 spseial =
precaution taken regarding disposal of fasces.

Patient is a farmer working barefooscted in the fields with

(75
!—.‘

ada., fe was under treautment for two months. Drug

used for expelling the worms was thymol.

Case 8. Ve 425 JdﬂlLL d on 18=11=12, Complaint:
Anaenmia and palpitation.

History. fhree years age patient noticed he had ~---
valpltation on sxsrtion. ie had aléo giddness. He felt
he was growing pale.

Social condi tion. He is & laboursr working in the
fields has not good home and lives in a sandy locality.
tate =94 aduission. Patient is very anasmic skin ==«=
lamon yellow gums pele conjunctivas pale. Tongue Vfery =
white.

“ireulatory systen.

Meystolic bruit most proncunced at the apex. Ieard iw



in all the arsas.

He was given four doseg of eucalyptus, chloroform
and castor il mixture at intervals of a week. e was ak
also put on g mixture containing digitilis and ferrietam-
moniicitras. el was discharged relisveed on 20-1-13.
Jase 9. N. 29. admittsd on 15-12-13.

Complaint Anaemia and cough,
History of pregsent illness.

For the past three years patient had loss of ----

appetite. He had epigastrie pain. Ee fell unable to do
any work. Latiterly, he notviced that he was getiing --~
very pals. Tor the past four months, he had been —~==-

troutblsd with & bad cough.

Social condition. Patient lives in o small house.
surroundings are unhezglthy He is a farmer and has to work
i the fiields.

state of admission. Patient is poorly nourished.

fery anaemic. 1ips, gwas and conjunctivae wery white .
Jireulstory systen. Patient has palpitations and a --=-
guick pulse.

Eespiratory systisem, Right Iung shows esvidence of tuber

culgdts, *© 'his was confirmed by the detection of tubsr-

ckoacilli in the sput&né,
Patient was gieven three doses of thynol.

3 e = o
After the first ﬁ%¥mﬁ he expelled 205 worms of whiech
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120 were necator /Americanus, He was also trsated for
lung trouble, He has besen under treatment for cver two

months with considerable benefit te himself.
Jase 10, Poovan 10. Pulaya Admitted on 5-1-14.

complaint.~ palpitation and cough.

Eistory of present illness. For over a year he has
gen getting anaemie. He has =aten sand. Yor the
past two months he has been troubled with coush. He

has also begen unable to work owing to palpitaticn.
Social condi tioi. Patient iIs wery pooi. e has to ~--

asgiss his father in his work in the fields and has to

carry bucketfuls of mud. fe lives in a sandy locality.
Btate on admission. Patient is very anaemic.
cireulatory sSystam. Patient has 1ain over the prascorda

ne murmurs. plilse guick.

Respiratory system, Both lungs show evidence of =-=---
chyronical bronchitigs. He was treated at first by ~-—
thymol to expeldd the worms and then his lung complainlé
received special attention. In six waeks he‘has made -~
gredt improvement.

Cgse Ho« 11 V. Age, 9 Hair. Was brought to me With a
histeory that the boy had become dukl and that he Was nows
able to keep up his studies. He was not maricedely =---=
anaemic( had 50" hasmoglobin. He was given thymol on
two ocecasions and this was followed by tonies. He

came for treatment on 17-10-12. By the end of WOngber he
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he showed considerable improvement. His physigque also

improved.

Case 12, ot PL 26 flerk. Dame for treztment on
15-6-13. Iis main trouble was severes nauralegia which =--
disablelhin. I found him wery anaemie. nurercus Ova-
of Ankylostome were found in his fasces. He had fourl

doses of Yhymol which effectively got rid of the wornms.

After the First dose of thyniol he noticed &8 improves

ment as regards his neuralgia. fle wag put on a mixture
containing iron for a monrth. For anetheér month he was
given Blagndfs pills. At the end of three months he was
guite cured.

Gasel 13, Es A, 45, Oame for treatment onlb-9-13

Her main complaints were severe hesadache and sleeﬁf%ess
bhe noticed that for over a year she had been getiing pale)
appetite was very poor. GShe was given thymol 5 times %o
comgleﬁely get rid of the worms, She was also given tonic
containing iron. In four months she has been conpletely
restored to h=2al th.

Case Mo, 14, ugsiane.25. llahomedan.

Admitted on 25-11=13.

History. About four y=ars ago he noticed he was getting
Dalel Lately he has veen feeling great weakness in his

mus Els



2%

State on admission. Patisnt 1s an anaemic. Iis
T
musels ars flabby. Tigabl e mucous membranes are white”

mouth unheal thy gums decayed

Cireuvlatory system. There is palpitation.
Haemic bruit is present. Ixamination of feaces showed

NUNErous == ova

Treatment. He was given 3 doses of eucalyptus mixture.
whiech got rid of the worms. He was also given tonies.

He got great relisf by being under treatment for a month

Case 15, K. JAged 28, Jame for treatment on 7=-5=13.
patient lived in a sandy area where thers was syvery ehance
of faecal contamination. She had been growing anaenic
for the past three yzars, during whieh time she had two
abortions.

State on admigsion. Body slightly emaciated. Taglly

tired. Conjunctivae white;lips and gums white:appsetite

Cor : = s Y
deprived. Plood watery. H[.B. 25 % She was given 3
courses of thymol. After the worms were expelled she

was put on iron. Later she was given hasmatogen. In

two months she recovered completely.

Jase 185, Ke K, Aged 25, came in for treatment on
A0=T-13. Patiant had been suffering from severe anaemia

for ower four yszrs. sShe used to sal raw rice'bToxen

bits of sarthenware etec., ©She had three misec_arriages.
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She lived in an unhealthy locality. ©Ghe had & -~-~-
comfortable home

state .on admission. Patisnt very aﬁ%mic complains of
palpitation and pain in the péﬁﬁﬁ”Ef the heart, Jonjun=
ctivae pearly white, tongﬁe white, skin dirty —yellow --
colour, Blood watery contained only 20 X B

Mumerous (Ova wereffound in the fasees, She

=
4

lad three ====
dogeg of thymol. With the first dose more than 150
worms escaped through the faeces llo. ova conld DB w====-
fiourtd in the faeces after Ghe third1dgse. she was put ¢
= - 1 = i PR o § T WA 7, - -~ 3
blaud's pills for two nonths. She discharged cured on
31-10=-13. At present she is in excellent health and is

J. "'1: J'lgﬂ L
/B,S.P.1.B. 18 adnitted on 24-9-12. complaink

£

nase no 17.
anaemia and palpitation.

» anaenic

=

History. A year ago she noticed she was getting
che lives in a marsihy place-in a small house., TIn that
house there is another won%h suffering from severe anagmis
Latterly she has been ungble to do any work. State on
adriggion: = Patient poorly develpqyd. Appetite poor.

On examination of the faeces many ankyvliostome ova were
found. Soon after admission she got a sudden attack of
fever without any aprarent calse. The worms were expelled
by three dogses of Bnaphthol one gramme cach. The fever
subsided after this. There was no recurrence of the --

fever. r
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she left hospital at the expiration of a month.

Case oy 18, H, A, 42, Brahmin ©lerk. Game for
treatment on b5=1=-11. complaint palpitation and swelling
all over the body

Historyi= Patient had anasemia for the past three
years. During the past six monthg he was feegling short

]

of breath on slight exertion. A month ago he had swellirg

on the dorsum of both feet. Gradually he developed asss=
ascltes
Soecial condition. Patient lives in a sandy arez. le

5

has to walk barefooted over unclsan soil.

Habit:~ Patient had craving for eating ash sand, etc.,
State on admission:= Patient is very pale and weak

There is oedema all over the body.

Circulatory system. fhere is a systolic murmur at the
apex.
Digestive system: =~ Appetite very poor. here is

a ke W— o 3
ascites. e was under treat for three months, during
which time he was given four doses of thymol to expeld all
the worms. He was also given Cardiac fonieg and =-~=-===
diuretiecs. He was discharged curked at the snd of threse

months.,



Eamu%l. Admitted oen 16-=10-12.

Case Mo, 19,
gvere anaemia with swelliap all over

.

jomplaint =

the body.
State on admission. Patient very anaemic.

Heart sounds very weak.
He expired on 18-10-12,
(n opening the thoracic cavity pleurae

S 08 tnor tiRaw
containg & good deal of fluid. lungs ocdematous.

Pericardium. Also contains fluid.
Hdeart. Tatty. Lefi ventricle., Hypertrophied
peritonzal caviity contained & good deal of fluid.

ALYl organs were very pals,
Stomach. iucous mbrane thickened, there was evidence of
chroniceatarrh.

ixtremely fatty.

Lever.
Hdneys. Tty
Spleén: - Shrunk.

Small intestine. iMicous membranes of jejumun and ilewn
showed haemorrhagic spots. dany anlkylostoma Worms were

found adhering to the nucous menmbrama.
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