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PREFACE

Tie firet part of Dr Naper I anciples and I ractice of Tropweal
Vediwctne wa publi hed in 1043 when hope wae expressed that the recond
part vould be rendy within a vear  But that hope could not be fulfilled
owing to wnforeceen eireum tances  The author had already left India for
the Umted States and the manurenpt was not recelved until 1944
Difficulies arvee firstly from labour troubles m the press and then from
communal ditturbaneen wlieh cauwd xerious durloention of all bumness
1 the ety for a fairly long time  Meanwhile Dr John Lowe who wae
entru.ted with seang the volume through the pree« went home on lenve
leaving 1t to mie to cowpleto the tusk  The mdex covering both volures
had still to be compled nnd this was done as expeditiously as possible.
The ddav 1 publication ha  no doubt caused eome inconvenience to
thoeo who already have the fimt part and 1s very much regrotted.

School of Tropical Wedietne
Caleutta October 1847
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Introduction —There erc at least three tropieal syndromes caused b
wochmtes morphologieally indistingulshable from the paramte of syphlleu
:Enthnwbemgwmthastnbunofnameddim they arc yaws
and bejel.  All threo aro looked upon as modified forms of syphh
somo workers and as distinct diseases by others They have
cdtnmon featurea but perhapa the most mmportant is that they aro all three
non veanerenl i ongin.
There aro probably other alhied, sumlar or identical diseases in vther
Pﬂmh.h'n ond 1solated populations An cxample of such a condition is
wiantza  of Central Australia recently deseribed hly Hackett (1838) whe
belioves that the conditwon i3 1dentical with, or at leant closely related to
yiwa. In this condition there arc early lesions similar to those of yaws
usually 1 ohildhood and lster pangosa boomerang leg, and keloic

soprring

285288884845

§

YAWS or FRAMBCESIA

' Defimnon —Yawa or {rambeesa (French frambowe = raspberry)
known as pian in the French colonies and by many other local names else-
where, 18 o contagious discase rorembling eyphills bai non venereal n
octurrmng mainly amongat aboriginal populstions 1 the tropics

Shnmnlenled in its ﬂorgd stage by multiple granulomatous lesions of -the
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ekin and Inter by n vancty of lesions of the skin subcutancous tussuce and
hanes it 18 caused by a spirochmtal organism Treponcma pertenus that s
readily recoverable from the cutancous learons,

Historlal —It 1+ not powdble to rentify defimtely as yaws any of tho skin
discases that are mentfoned in ancient writings, though scveral would pars as this

direae

In the toeords of the fifteenth aod exteenth eonturics, the discsso le obviomly
confused with mphili & confumon that still exists even to-day Bontivs appears
to havo recogmzed tho discam in the East Indics, and early In tho teenth
ecntory it was deweribed as oceurring amongst Afncan alaves in North ex.
Yaxy was woll entablehed 29 8 ditinet disease entity in medieal Lteraturo by the
ond of the eighlcrnth century

EPIDEMICLOGY

Geographical distribution —It has a wide tropical distnbution and all
the more 1mportant endemie centres aro within the trus ica. It ocours
in Central and South_Ameniea, in the t Indics extensively in equatoral
Africa 1nclu the Bidan and Al fa in Indla Burma Ceylon
Indo-China, Malaya and the Enst ex genernlly and in Northern ang
Central Austrahia and certaim Pacific islande  The mest 1mportant sub-
(mgﬁ]l endemice foa are in Algiers and Tripoli in North Afmea 1n Assam
n

19, and in northern

Tn Indmc(l\t is mueh moro Hwn%esprg-ad tl}:;m 18 gtlzuerall mpmd
oecurnng In hin, Tray aneore, Hyderabad, the Cpatra ntes ta
N\agpur Bihar, Orissa, Banthal Parganas Chittagong Hill Tracts Manipur
nd reveral other places. mn Assam  Nowhere however has 1t
assumed sertou  epidemis proportions and spread to the general popula-
tions of the plams of India.

It 18 eaid to be mercamng 1n East Afrien particularly in l\h?ga
Tanganyihn und Uganda and to be deereasing i Ceylon 1n Barbades
and 1n the Guianae but as it 15 & discase that spreads rapidly and produces
a high degree of unmunity 1t s hkely that it will ap, in epidemie
waves m countrics where conditrons are particularly suitable for ita epread
and die down or dieappear when all suseeptible persons (1.e the ehildren
born mnce the lost epidemie wave and the few adults who previously
cecaped infection) have been nfected.

Epidemic features —1t 18 a diseaso of rural distriots rather than towns

¢ ineirdence of the discase vancs conmdernbly In certam isolated
islands and other primitive populations practieally every individual becomes
mfected eooner or Inter and usually sooner that 1s 1n childhood In some
tropieal countnes m equatorial Afnea for examplo the discass 18 & very
rerious public health problem (eg over 300, persons wero treated
within a few years in the Belgan go which has a population of only
about 10,000,000 and in the coastal region of Columbia it is eatimated
that thero are 50,000 umel) wherens m Indiz although ynws ocours in
many parts of the country it is ecldom & serious problem and the number
of eases treated annually will only amount to a fen hundred at a gencrous
catimate,
The tropical distribution suggests that temperature is an important
factor Experience has shown that when o case Is imported into o
tu;:ﬁemta country the infection does not spread It has found 1
India that the hill folk who tend to get tho discaso when they come down
to the foothills or into the hot humid plains do not take the discase
back to their own villages :f these are situnted at ony great hesght.

Humidity is algo important and most of the endemic countries enjoy
n high degree of humidity for n eonsiderablo part of the year and Juxunant
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vegetation, however tho diseass also occurs in Al and Tripolt which
are relati dry countries as well as being outmde the mexcapo

Raaal dutribution —In 1ts natural form 1t 18 a disease that is con
fined almost, entirely to primitive peoples. Thia Is most strikin v demon-
strated in India where it occurs amongat primitive hill folk, but seldom
spreads to any cxtent amongst the plains population (1ade supra)  Ths
18 almost certamnly not due to personal suscephibility or rmmumty as the
disease is eamly transmitted experimentally to individuals of any racis)
type, but Fmbubly to the habits of the people who have a low standard
gmna cleanlmess and live and lecp m prmmtive huts closely huddled

er

Age and sex dutribution —The disease is most common m children
up to the age of 15 years, though 1t is uncommon in infants under six
months, but adults who have .escaped infection m ther cluldhood also
suffer from i, mothers frequently eontracting the infection from therr
children. Tn lupghly endemis areas, children umually contribute at least
00 per cent of the cases but in 1olated eommunities where the infestion
18 remtraduced at longer intervals & ]arga proportion of adults will become
mfected. All contagious infeotions tend fo spresd moro rapidly amongst
children on atcount of their habits but the most important influenee in
L&ﬁ cases Is undoubtedly the immumty acquired by adults during previcus

Most, wniters report that males are more commonly mfected than
femsoles. This 18 probably due to the greater freedom sallowed to malc
children. Chambers (1838) points out that m Jamaica the only age groups
m which females predomimnate 18 from 20 to 20 years, this is an age at which
wamen would be most closely amsociated with infante and children and
would be likely to be infected from them.

ETIOLOGY
Historical—Castellam §n 1906 firsh isolated from yaws leslons an orgammm
dh shable from of and named it Sprockata pertenue
both thesa orgapisms were later placed in the genta, Treponsma
The causal organism. —Treponema pertenus is a very slender (025
merons) spuochetal organism from 8 to 18 mierons in length 1t has fram
five to a dozen regular spirals 1 o 15 microns deep
st mtervals of about 1 micron which tend to taper
towards each end whero there may be a mngle
O Q fiagellum-like filament. It 1s flexible snd moves
> 7 by spual rotshon. 1t s morphologically identien]
Q with Treponema palidum the causal organsm of
il
O/ i Culture and ammal inoculatron —Culture of
this arganism was claimed by Nogucli snd later
Figure 139 Trepo- Hata, the former grew 1t 1n aseitlo flmd to which
nema pertenus dney tisene had been added snacrobleaily Most
other workers have failed to satiafy themsclves that they have produced a
true eulture and at any rate the procedure 15 not & practiesl disgnostio
method
Successful wnoculation has been produced 1n man, higher apes, monkeys,
and rabbits 1n the two latter amumals only local lesions are produced.
Dustribution 1 the unucx.——m-'l'hei spirochzte 18 found in the p-rh?;:?:
and neeond&g ekin lesons, m the spleen, e CINATTOW
presenco 15 the blood has been demonstrated by fnoculation.
Tramymustion.—This tokes place by means of diect contact, the
from the exudate of n lesion entering the new host through an
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abrasion nllhoug](x:opomhl\ an inv1 iblo abrasion In his skan  Whenever
the pomnt ha been carefully investigated o Iustory of close contact with
some pereon with flond lesons has been obtained 1n almost every case
and, when mothers aro infeeted by their imfants tho common sitea of the
primary lesion are on the breast at the bend of the elbow or on the hip
places where direet contart most commonly occurs
=) The mechanica] transfer of infectlon by means of flles is considered
‘To be a pormblo alternative method In eome places and the small fiy
Ihppelates pallipes has been experimentally incnminated as o mechantea
tiknsmitler m Jammea  Certain epecies of Mﬂh}mw nlso been shown
to be potential mechanienl carmers of visble spirochmtes but a blolomenl
cyele in nnv inecct has never been reriously suppested.
Man is the only _known reservorr of infection
Congenitnl transmisuon never_occurs
‘The relation of the capsal organism of yaws to that of syphilis —This
is a problem on which much work has been done during tho last four
deeades without any final conclusion yet being reached
Morphologeally the organisms are identical culturally no definite
differences have been established samlogicnlldy in tho antigenio structuro
of the org 1 ts but also distinot differonces have been
shown to exist 1n amimals readily distingmshable lesions are produced
by theso two organisms ond 1o man there are marked differences 1n the
two discases they caute,
Whether syphilis is a speolnlired form of yaws that has in the course
of years underpone some change through bemp transmitted venarenlhﬂlg
amongat peoplo of civilized races whether yaws 18 a mild form of syp!
that has lost somo of its charaoteristies through frequent non venereal
[msugo amongst primitave people for example possibly as a result of their
eavy malarial infection or whether which seemsa to the writer most likely
they both arosc from a common ancestor probably in prehistorio times
and cach developed in its own way are matters of o more than
academie interest. Excopt in the crudo test of morphology, the differences
are far greater than thoso froquently observed between &ifferent strains
of the same organism and the general opinion 18 that palidum
and Treponsma pertenue are olosely related but of quite distinet species
Immunology —Immunity to wuperinfection ia not mmediate and
complete but it appears to take soveral months or even s to dovelop
and if early treatment 18 given reinfection becomes le. Many cases
of syphilis have been reported in 1ndvaduals who have or have had yaws
and conversely yawas has dcvnla&ed mn sﬁl;;liﬁm but thers ap to
be little doubt that populations that have heavily infeoted wmnwn
enjoy some degres of immumty from syphilis. The reverse is probably
true but not so easily demonstrated unless one takes the view that the
relative immunity to yaws of towns-folk in countries where yaws is common
1n tho rural ots is duo to the heavy syphilization of the town-dwellers
but this argument cannot be universa y apphed
Animal experiments indicats that infection with syphilis gives eom
plete protection agamst ﬂam but that yaws infeotion only gives partial
protestion agminst gyphi
The Waesermann and Kahn reactions become positive three to four
weeks after the appearance of tha'irlmry lesions and are constantly
posmitive after about the eighth week remain positive for several years
or as long as the infection 18 active. e:iv‘bom affected mth yaws in early
childhood usually loss their positive eerum reactions after puberty so that
whenever pomtive results are obtained in such persons they may usually
be taken as ovidence of a superimposed syphilitic infection.
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vegetalion, however the disease alsa ocours in Algeria and Tripoh which
are relatrvely dry countries es well as belng outdge the tropics.po

Radal distubution —In 1ts naturnl form, 1t is & dissase that 5 con-
fined almost enf to primitive peoples. This 18 mest, v demon
strated in India whers it occurs amongst primitive hill folk, but seldom
spreads to any cxtent amongst the plams population (v1de supra) Ths
1 almost certamnly not due to personal susceptibility or immumity as the
diseass 18 eamly transmitted experimentally to individuals of any racial
type, but probably to the habits of the people who have s low standard
gf pamonth al cleanlmess, and live and sleep m promtive huts closely huddled
ogether

Age and sex dutribunon —The disease 15 most common m children
up to the age of 15 years, though 1t 1y uncommon in mfants under six
months, but sdults who have eacaped infection in therr childhood alwo
suffer from 1t mothors frequently contracting the infection from ther
children. In hs endemic areas, children usunlly contribute at least
90 per cent of the cages but in wolated commumties whers the infection
18 reintroduced at longer intervals, a large proportion of adulta will become
wfected Al contagious infections tend to spread more rapidly amongst
children on account of their habits, but the most important influence in
thuze cases 15 undoubtedly the immunity aequired by adults during previous
outbrenks,

Most wrrters report that males are more commonly mfected than
females. This 1s probably due to the greater {rcedom allowed to male
children. Chambers (1938) pomts out that :n Jamsiea the only age proupe
1 which females predominate is from 20 to 20 years, this 1s an age at which
women would be most closely assomated with wnfants and children and
would be likely to be infected from them,

ATICLOGY
Hutorkal —Castellani in 1008 fint imolated from yaws lestoms an organiem
dl nishable from the i M"BWMW“BMW[W
both these orgrnisms wers later placed the gemus, Treponema.

The causal organism —Treponema pertenue 18 & very slender (025
microns) spiroehetsl organism from 8 to 18 mierons 1 length 1t has from
five to a doxen regular epirals 1 to 1.5 microns deep
at mtervals of about 1 micron which tend to taper

towsrds each end where thero may be a sngle
O Q fiagellum like filament. It 18 flexible and moves
ot 7 by spwral rotstion. It 1 morphologically 1dentical
Q O mﬂ}]ﬂlh,qmma pallidum  the causal organwem of
/ 7P Culture and animal inoculation —Culture of
this organism was elamed by Noguchn and later
Figure 129 Trepo- by Heta, the former grew 1t in aseitio fluid to which
nema perienve. Yidney tissue had becn added nnaerobically Afost
other workers have failed to satisfly themselves that they have produced a
tmeghcultum and at any rate the procedure is mot a practical diagnostie
method
Suceessful moculation has been produced in man, lugher apes monkeys
and rabbits 1n the two latter animals only local lesfons are produced.

Dutribution 1n the tusues I’mwl spirochete 18 found in the pn.t&ﬁ
and secondary skin lesions, m the spleen, EMQTH the_bone marrow
presence 10 blood has been demonstrated by inoculation.

Transmission —This tokes place by means of direct contsct, the
organism from the exudate of a esfon entering the now host through an
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abrasion allhouglcxjpo'nhlv an inviable abramon m his shan Whenever
tho pomt has been eatofullv mvestipnted & hmtt;? of closo contact with
somo perton with flond Iesions hns beon obtained 1n almost every caso,
and when mothere are infected by their infants the common mtes of the

lexron aro on the breast, at the bend of the clbow or on the hip
_places where direct contact most commonly occurz,

} The mechanica!_fransfer ofanfection by means of flies 1a considered
o bo a powuble alternative method m some places and the small fly
Hippelates pally has been experimentally incriminated as a meshanreal
tfn mitter m .{:;micu Certan spectes of y_uﬂhl;uvo nlso been shown
to bo potential mechanieal carners of viable #pirochmtes but a blological
cvele in any inkeet has never been seriously suppested.

Man is the only_known reservoir of infection

Congenital transmiesion never_occurs

The relation of the cansal organism of yaws to that of syphulis —This
18 o problem on which much work has bheen done during the last four
decades without any final eonclusion yet bemng reached.

Morphologically the organistms are identical culturally no deflnite
differences have been established  sorologieally 1 the antigenie structuro
of the organiems common clements but also distinet differences have been
shown to exist in animals readily distinguishable lemons are produced
by these two orpanisms and in man there arc marked differences in the
two dixenses they caue.

Whether syphilis is a specialized form of yaws that has m the course
of ycars undergone some changoe through be tranmmitted venereally
am people of ervilized races whether yaws is 8 mild form of syphilis
that lost romo of 1ts charactenstics frequent non venersal

amongst primitive people for example poesibly as & result of their
cavy malanal infecthion or whether which secms to the writer most likely
they both arose from a common ancostor probably in ric times
end each developed In 1ts own way aro mstters of little more than
academio mterest Except in the crude test of morphology the differences
are far greater than thoso Imque;fif' observed between different strans
of the same organism and tho gen opinion 18 that Treponsma pallidum
and Treponema pertenue are closely relatod but of quite distmet apecies

Immonology —Immunity to supeninfestion 18 not immediste and
complete but 1t appears to take several months or even to develop
and 1if early treatment 18 qiven remnfection Lecomes pood.gl‘t:nh{nny canes
of gyphilis have been reported 1n individuals who have or have had yaws
and conversely yaws has developed in hillties but there appears to
be httle doubt that populations that hnva'gen heawily infested with yaws
enjoy some degree of mmunity from syphills. The reverso is probably
true bot not s0 eamly demonstrated unless one takea the view that the
relativo immunity to yaws of towns-folk m countries where yaws s common
in the rural ts 18 due to the heavy syphilization of the town-dwellers
bat this argument eannot bo umv ly appled.

Anmal cxpermments ndicata that {vnfectum with syphilis gives com
plete protection ngainst yaws but that yaws infection only gives partial
protection against syphils

The Wamermann and Kshn reactions become positive thres to four
wecks after the appearance of lha&rlma.ry lesions and are constantly
poeitive after about the eighth week remain positive for several years
or as long aa the mfection in astive %ou affected with yaws mn early
childhood usually lase thelr positive serum reactions after puberty so that
whensver pomitive results ars obtained in such Fenom they may usually
be taken as evidence of a superimposed syphilitie inf n,
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PATHOLOGY

The spirochmte gnis entry through an abramon, or bl
through the unbroken skin and entera the deeper lnyexn:u of epigergg]
where 1t multiplies deucinﬁa cellular (polymorphonuclear and plasma
cell} reaction and cdema e proliferation of the cells of the maﬁnghian
Inyer causcs both a dawr;ﬁ:wtb of the mterpapm processes and also
a gencral upward b that pushes up and even splits the stratum
comneum into lamellm between which fibrinous coagula sz There is also
moreased vasoularily plasma cell and fym hocyte wfiltration and some
proliferation of the reticular cells of the papi The spirochmtal infection
18 mainly confined to the epidermus but eventually spreads to the surround
mg lymph channels mn the dermis and finally resches the blood when
generalization of the mfection ecoure,

From the moment of entry of the spirochmte, the lesion of this first
stage takes three to four weeks to develop and after generahsation has
taken place, there js usually an interval of two to three months before the
secondary lamons appear these are multiple and ap, on many parts
of the body surface The typieal secondary yaws 1 15 simdar to the
primary lesion deseribed above
]@Mteramuchlmgghnl?v&l up to several years o thrrd group of

O INAY appear 10 ey are gummatous inflamms lemions
of the suboutaneous and other tissues that may lead to f‘:ﬁ ulcera
tion of the gkn, to fibrotic tumours 1n the skin or subcutaneous tissues
especially aromnd the joints to gumma and rarefattion of the bones snd/or
to diffuse kelord like formations of the skin

Ext is suggeated that the tertiary lestons are of the nature of an allergic
reaction.

Some wnters déseribe tertiary lesions of the viscera and the arteries
similar to those of aghihn, but the authentieity of such lesions erecmns
doubtful, and most o! agree that tho lemons of yaws are ma
epiblastio that 18 to asy effecting the skin and bones 1n contrast to syphilis
in which the causal orgamsm is panblastotropie that 18 1t offects the
tissues of all three embryome layers.

The lemons that occur can thus be placed 1n thres groups  the p
or initial lesions ( mother yaw’) the secondary or lemons of the gen
1zed stage, and the tertiary lesiont or sequel®  Between theso three stoges
and the thres ﬁeﬁ of syphlis, thero 18 in the wrters opinfon suffiefent
similarity to justify tho adoption of the terms pmnn? sccondary
and tertiary stage but there 1s not exact parallelism and for this reason
somie writers avold these terms

SYMPTOMATOLOGY

The olimea) picture corresponding to these thres pathological stages
wll be eonmd under thres separate headmgs —

The pnmary stage—There 18 usually & single leson but 1t Is possible
far there to be moroe than one, if infection oecurs at two places  After an
incobation period of from three to mx weeks one, or more often & group
oT]‘Ji}JuJea appears 1n the skin over & developing gmnulomaththe granulomn
usually ises up above the skin surfacé Jovel, 2 litting the horny layer
which I8 eufled i§ ciater thus formed is filled with exudate which
drea and forms s dome-shaped cap o that ithe lesion takes on the
charnetorstic mushroom shape of the typical frambeside when thix
crust 1 removed the red rasp like top of the granulomatous tumour
will be seen ot the base of the ulcer ﬁnnLIg the crater i rapidly filled
by more exudate and the crust reforms such ulcers coalesce

-
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formmg 8 sngle lomon an inch or oven two inches in diameter  There i
ma;lnvgnn arca of hypererain around the lesion and in dark-skinhed sub?
jects thero mav bo n halo of hypopigmentation around thik  The Iymph
nodes in the naghbourhood are often enlarged and alu:htl{ tender 0
prmary leson 1 sometrmes pruntic and in other ca es pain ul, but usually
it 1 hoth painless and non irritatmg

In rome ca cs 1t is not poeable to find any evidence of an initinl
lesion and 1n others & macule-papulnr or cven & macular epot iakes thie
place of the granulomatous imtial lesion

This Initial letion may contiouo to dovelop and may atill be aclive
when the recondary lesons appear but it usually then tends to heal, or
on the other hand it mav hcnmrly so that there is only a ecar to he
reen when the second stage commences

Thi 1nitial lemon is apparently not usunllf. necompanied by n}li‘y
con titutional svmptoni. 1 1x not however posrible to be dogmatic on thi
point, as the people who usually suffer from this disease are not very intelhg
ent, and would probably not notice or at least not report shght malame,

The site of the primarv lesions will varv according to circumstances
dependmg as thev do on the one hand on abramons and on the otlier dn
contaet with morbid material the lesions will be most common in the mtes
where theso are most Iikely to oceur as for example in mothers of wnfected
infants thev usuallv oceur on the breast at tho bend of the clbow and on
the hip (tade supra) and in children on the lower cxtromties. Gemtal
letion arc very rare and are placed as low a8 2 Ya centin some populatiors.

The secondary stage —Tho recondary lesions appear from aix weeks
to three months after the full development of the imtial lemon  The amset
of the eccondary stage 18 often associated with mild constitutional symptoms
o low fever not often above 100 F joint pamms pams in tho bonee and
general malaise,

A large vancty of eceondary lesions 18 deseribed and 1n the text
books these make a formidable array that must alarm and confoso the
rtudent Ilowever the pathologieal processes that produce these lesions
are, qualitatively at least, tho same although they may vary i number
mn distribution, and 1n the extent to which they progress before resolution
as well as bewng influenced by such varinble factors, as for cxample ndivad
ual x:Ir‘x];i nixcml ?j:ilmm n akin texture

o indivi for: may produce very fmnute papules with lttle
herptosis and if these are arranged m groupe thtgxy will give the appearante
of macules or 1if they are shightly larger and very numerous that of o
Tichienous rash  When these lesions resolve, they desquamato produeing
flie furfuraceous desguamation that 1s descri If there 1s a Little more
keratosis & papular or papolo-macular cruption will result  The majority
of these papitles will egbeide but eome will continue to dovelop and the
typieal papillomatons frambende vory similar to the imtial lemon will
appear  These yaws papules sometimes dovelop in the form of a ring with
an area of ected shan 1 the centro this particular form 18 given the
namo ringworm yaws.

Finally when these lemons develop 1 the ekin of the palms or soles
on account of the great thickness of tho epidermis there, the elinfeal results
are very different from theso in other parts of the y  Many t of
pMantar and palmar yaws are described and given varrous nm{p:?tcn
vernacular names but amongst the commonest types arc the vesicular or
papular eruptions that lead to ecparation of tho superficial layers of the
cpidermis or to an cczematous condition and the hyperkerntosis that lends
10 erae usually of the eoles, with tho formation of pamnful fissures !
Another clenstio lesion 18 the very pamnful crab yaws of the soles

-
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this lesion usually appears somewhat later than the oth
und partly for this reason 1t is often classified as o ort mﬁ:l:‘nlcﬁgn&
f:ummatou_a formation in the tiasues, 1t 18 however, usua y a mecondary
eston n which the yaws granuloma tales some time to foree its way
through the thick horny Iayers of the skin. Theso lenions are very pmn
ful and c%.?}{ngm '*‘flﬁz_llmtﬂi.th:ﬁugh{hnud afterwords they produos
extensive ug ulears t, when
2 crppling dsformty of the fest known an lay Tenturlly heal up cauto
0 lesions appear 1n crops, 8o that there will often be Jesions
stages of developmont present at the same time, Ths will al:o mmmthﬂ
t.&l;: c}r‘gm og:\i':lmmt may not oea}l to be consscutive and, for exsmple
may A nfter o ical frombeesi
earher crop) has already Jwa])up[;?d, P de (from an
fmmﬁdumg?w?mﬁbm typtf of ag:fz: last0n, the early diffuse
[.] 1
the lgltéplmﬁr 05 typeﬂles{om typ! papillomatous frambeealde, and
~—The lemons that 12 the papular eruption the fur
furaceous rash et appear mamly on the trunk and the Innll))g whereas the
typieal frambesides appenr most commonly on the face the limbs and the
buttocks alvo on the trunk, neck, and permeum, but the scalp is very meldom
affected, the junction of ekin and muecous membrane (eg arcund the
anusbthe mouth and the als nast) are the most favoured mics
i ~—The fully-developed typieal papillomntous frambesdes
vary e sz of a pea to that of a1 walnut (8 to 4 cm.), but they
wll usually be present at ali stages of development and healing, may
heal within a month or so orlpermt for years. When they heal aither
spontaneoysly or as a result of treatment, they leavo a white scar, thm
scar may become pigmented in the course of time, or it may permst for life
The _tgrhary_stage —Most of the lesions in this stage owe their
assoeiation mtIil yowe to tho fact that they are common lesions in populs
tions thot suffer from yaws and amongst persons who slthough they gve
no history and show no other evidence of syphilis, have pomtive Wassermann
aod/or reactions 3t has however seldom been passible to prove the
yaws o of these lesions parasitologically and for this reason they are
often looked upon a5 ellergic manilestations
Thoso lesions may u]:_gem- ot any tmme from one year to iwenty years
after tho appearanca of the secondary lesiona. Amnn‘gat the earhest and
most typieal tortiary lemons sre juxta articular nodufes these are hard
fibrotic swellings m the subcutsneous tissun around the joints they vary
1 mso from a pen to n pigeons cgy they are usually atiached to the
ligamentous tissucs of the joints or tendon sheaths but the sk 1s froel
movable over them—at least nt first, but later probably ax the t
of trauma 1t may become fixed, and thoy are not no ly palnful but
from thar poaition (usually on tho outer side of the joint) are very liabls
to The kneea and anhles aro the commonest joints affected, but
the nodules may ocour around nlmost any fomt and aimilar fibrotio sweil
nge arc sometimes found in the subcutaneous tissue in other parts of the
bod

yGummntn develop 1n the subcutaneous tissues and oventually uleerate

through the skan causing chromc septio ulcers
There em severnl types of bone leson, A soft painful swellng of
um particularly of the tibin and ulna that ocours relatsvely

the perioste
m?'lyinthodmmmoftmdnmedmumndnrylmm There i3 nlso

an osteitis associated wath zevere goa psms that leads o bo of the
oocurs charactermstical the tibie nemg the
bones this moat ¢ lyin boriginvgfs O e Yote)

aabre tibla, or the boomerang leg of Austrahan a
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but an osteitis also occurs 1n the bones of the fingere associated with a
general dactyhitis and later contractures, which caures tho charactenstic
bowng of the fingern eapecinlly of tho little and the adjomning finger  Other
bone lesdons nrc a rarefy mg osteitts and gumma of the shaft which make
taneous fracture n common occurrence
The kelold formations which arc scen in different parts of tho body and
which often eaw ¢ erippling contracture of the hmba should bo looked upon
na roquelm rather than tertiary lewona as thoy aro 1 most cases the direct
result of earhier granulomata or gummatous formations in the affected nreas
although somettmes regular keloid rearring of skin surfaces eg the fore-
head or back 1s apparentlv spontancous
There arc certain atrophic changes 1n the skin and nails shown by
the glazed nppearanco of the skin particularly of tho palms, and by
nnycﬁm and aleo disturbances in pigmentation particularly poticeable m
tho highly pipmented races that are almost certainly tertiary manifesta
tions
There remain two clinical syndromes that are now recognised as being
usaally although perhaps not always uelm of yaws infestion namely
ganposa and goundou the former usually occurs in adults who have
ruffered from yaws 1n childhood but tho latter often o ot an earlier
date and affects clnldren. The evidence for tho mtiological connection
between theeo disea<es and yaws 1s almost umversally aceepted as com-
lete but in only & very few cases has Treponema perfenus been wolated
?mm the lesions The scrum renctions are usually positive but in the
later stapes they may become negative The caee depends mamnly on the
epidemiologieal arsociation of tho conditions with yaws and the cxelusion
of other wmtiologienl factors
Gangosa or rhinopharyngitis mutilans.—This 15 o condition in whish
there 18 ulceration of the mucous membrane of the nasopl and nose
which involves and eventually destroys the soft tismues lages, bones
and eventually ¢.hci ekin wor;:mg im{m within l:;xgtw&rds until the wbol}?
mouth, nose nasopharynx, and antra form one e fungating canity wit
a alngio aperture, which 18 perhaps bridged by LE; rernams of the
upper ip  Minor degrees of this condition may oecur 1 which the process
18 lalted ecither spontancously or as a t of treatment before the
deattﬁ-utlmtm hn.sbbecummmplcte The hc::dl‘ﬁg wn.um:m ?ue time associated
w1 eprosy but the association deflmtely disproved, and,
though syphilis m capable of produemg similar destruction in the countries
where this condition is common the cvidenco 1s agamnst its having a
zrhﬂjuu origm whereas they are all arcas in which yawa is nlmost the
& m childhood.
Somewhat mmilar conditions may be produced by rhinoscleroma and
by e&undia (gv) -
undon—In this condition there 18 & bony cxostosls of the nasal
processes of the upper manlla unmllgﬂbilutcml It 15 usually associated
with severe headaches some nasal obstruction and s sero-purulent and
sometimes blood tinged discharge from the nose* The ekin over the
excatoms 18 normal and freely movable Tho tumour may obatruct the
lacnmal ducts and mterfero with the line of vislon but does not eneroach
on the orbit or otherwise affect tho sight

DIAGNOSIS
Chnaical —The typieal yows leslons 13 s0 characteristic that it is
nnhikely to bo mistaken for other conditions but many of the other less
xpir.al lesions may well be, and it will often only be posmible to diagnoss
eir natore eimieally by their nasociation with the tvpieal {rambeemde.
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Laboratory —From the pnmary and from many of the secondary
Temons 1ally from the frambeeide 1t 1 posuble fo resover the spiro-
chmt%h without much difficulty ¢ °

o spirachmte can be seen by dark-ground Numemation the Indian
mk method or after staming by s or Gremsa s m’h’fy by Tribon
dm;\z;‘ silver mtrate method or by some modification of these staina (see
P

Differential diagnoms and le arc probably the two
PR it e s . frequently I the past
but the g]mtenn nature of the manifestations of vaws makes 1t pomxbmn
ct;nfuse ? mdttlwdunl }ﬁmons with those pf slmost any ekin discase and
df many ‘uleerative conditions eg pi rosca vermeolor and prlari
hichgy planus acne vulgans w_rfﬁﬂ:?mﬁ mpetigo,_contaficsa

tinea eczema ol 3ATIQUA fprms lupus orythemafosis and vulgarss oriental
sore nnd_mﬁ ﬁ

meneq] hmanesis ulcus_trppicum  veldt soro and
#2pHio varicose and mahgnantulcere. —

‘The jomnt pains in the carher stages and the juxta artieular nodules in
the tertiary stage may suggest rheumatism nnd arthntis and the juxta
articular nodules ns well an thé fibrotic nodules that appear on other parts
of the body mny mmulate fibromatosw

Tartc
The followng fable ices the main powngs of differenfation belween
yaws and syphilis

Yo Syphilu

wlogy Primit 1 Crvilied people
Fondem Chdd;;oul;?g;ou yeors Adulte,

Beldom venereal VUmully venoren

Neover congemtal May bs congenital
Tropan Epiblast e Punblastotropic.

Txtm. Genital.
frmary Lenon V\rh[;ﬁmbut weually tvuenl fram { Typical Indurated chenero.
Ghndu?;r involvement —not ton {commonly abotly enlargement

stant and glands solt.
Wumeﬂ:lml and hahn reactioma —|[often postive

nepatrve

Secondary stegs |Tymeal framboside and furfurs |Rash eore throat, ete.
ceouy d mation,
Mucous mmu —not affected tlzflc& -mm otber ey
o’
Fyea unafiected " omm
~unkno may oeeur
&lfumlun.‘l tym‘mloms —slight [may be
W aseermann and Kahn reactions — ) paritive
poutive.

ertary Lesons mostly of
Tertary sage  |Lesiows mpertonl aod o on-| wubile ofinn fatal

h:(:_ﬂw‘ and o-vascnlar xys|both affected

Bl Waseermann ~—usmally pos! [niways pomtive
Paralenony Do mot otent (aecording to most|Tabes and G.PI may occur
CSF  Wamermann reaction — often poutive.

Dmﬂmur:mud to merenrfal | Wil rexpoed to merearial

Treat trestment.
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- PREVENTION
This diccace 15 eeeentially one of uneducated populations amongst
the=e 1t wsually oceurs only in thowe communities with the most primitrve
habita and mode of hving and it does not spread amongat members of the
poorest cla xer where they observe some—cven the most rudimentary—
code of hvgene and behaviour  Education 1« therefore the fimst prineiple in
prevention, -Ttus may however be too 1dealistic or at least tao long term
a poliey for most cireum tances and orgamied wholesale treatment of the
population w1l 1n most circum tances bo the best method to adopt. How
this treatment ean be provided will depend entircly on the special eircum
stancer  Whero the people arc camly acceesible n system of permanmcat
hosmtals and dispensarics with doctora nureex and health viitors can
be arranged but for ieolated communitics 1t will bo neeessary to have
itinerant units that can move from eentre to centre It has been shown
that although a full eourse of injections may be necemmary to ensurc a
complete cure (1nde mfra) by giving cven one or two injections to each
infected individual it is posmble to reduce the dircase in o population very
connderably as well as to provide much rehef to the infected individunls
It 13 unneceswary to ditcuss such obvious but in the circumstances
totnlly impracticable measures as 1#olation and early treatment of abrasions

TREATMENT

Thus ean be considered under the four headings  (e) genera! (b) local
(c) tpeaific and (d) subadi

(a) General treatment—There 18 httle that need bo said nbout
gencral treatment 1t is obvious that o well balanced nourishing diet suit-
able clothing that ean be changed daily warm baths  hot demuleent

regulation of bowels and so forth are ideal recommendations but
under the conditions under which yaws usunlly has to be treated it will be
ympo~mble to apply them, and one will usually be quite ratisfied if one can
mapage to give the !pcclf\c treatment to all thoso that require it.

(b) Local treatment —Mlore rapid healing will certamly bo brought
about 1f the lesions are bathed in some antiseptic lotion the wrniter hax
used mercunal lotton and seriflavine 1 mn 1,000 but probably somo of
tho newer anf cs will be more effective  For applications that can be
given to the patient to apply mereury olntments agan are probably most
useful  Theso will Lave the effect of rodusing sccondary infestion and pre-
venting the external spreading of the 1fic infeckion.

(c) Speafic treatment—Tho epecifics are arsenic and bsmuth  There
arce three different lines of tréatment which can be adopted according to
the varying eircumstances or perhaps judiciously comb{’ned namely (1)
mtravenous or intramuscular arsemicals () mtramuscular bismuth and
(n1) oral arsenicals

(7} The most rapid and dramatic results can be obtaned by _nec
arsphicnamine (eg neosalvarran) injections in doses up to 090 gramme
for man, 060 gramme for weak or small men and for women 0.30 gramme
for a child under 10 years and 0 10 grarmme for a chuld undor two years or
on & welght basis 001 gramme (one centigramme) per kilogramme of body
weight. A distinet improvement will be produced by the first injection and
complete disappearance of primary or sccondary lesions after two or at the
moet three injections but Eu & certain percontage of cases a relapso of the
recondary or more frequently of the tertiary, lestons wll occur and _the
general opmion now ia that at least mix injections are neeessary to ensure
a negative Wamsermann—which should always bo the objettive—and the
complele eradication of the infection Bulpharsphenanune and other
trivalent arscnicals for intravenous and Intramuscular use will be
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ferred by some any of the preparations that are effeotiy
E?found }R'vulue in thia disease. On the Ameriean 'e;tn&h;!hu;;;lzl
has bewn used extensivoly 1n recont yeaTs T doses of 004 fo 006
for ‘Eglﬂﬁ: wd%;ndrmﬂlmmmei per pound in children; -

or young en and when numbers of persons

tr?::%d m 13111 short, lti&nebaur under t clr ' v oo
mjections usunily proferable, “The usual precautions regarding
the administration of these toxio drogs will of course, bave tg be taken,

(n) The effect of bimouth injections 1 not 1mmediate st least six
jections at weekly mtervals should be but, distinet improvement
will follow o smaller number  Bramuth late In a IG per cent solution
(dose up to 0.2 gramme) smhuﬁ?:?ﬁta.saiumeilsmuth tartrate ded in
ol (dose up to 0.3 grajnme) an precipitated bismuth ed in ol
to mako & 10 per cent suspension (dose up to 0.2 )gveauboen
used with good effect. The firat 1njection should be amt balf the maximum
dose, and the doee shonld be increased by D5 cem. at cach mjechion
chil are given correspondingly -smaller doscy

A wa&h znuattgo !l;ept {t?]r swmnhh;&n;xd albuminuria.

Treatment wi ismuth 18 unqu nably nferior to that with
arsphenatiing; bt thid Torm of treatment hai™thd ndvatitagé of being very
mdilgheAfer ~ There are severnl useful proprictary preparations of
bisutufh, e g bmostab and neotrepol which wall be convenient if & smgle
case 18 to be treated, but by their use on a large seale much of the advant
age of low cost 18 lost. -

(ud) There are several safo and effective arseneal tions that
can be giyen by _mouth eg _stovarsol and carbarsone eso must bo
ven in the full therapeutic dose, D5 grammie twice daily for an adul

or 16 days, if further dosage is required an nterval should be allo

of ebout 8 month before & sccond course 1 starfed Cood results have
been obtaned with thus treatment, but these oral drugs are dofinitely [esa
offectrve than the parenteral sreenie or bismuth

Baveral combinations of these three forms of treatment have been
suggested, but probsbly the moet effectrvo is A course consisting of two
miravenous n henamine snd mx intramuscular bsumth injections
at weekly the arscmic apd biwmuth myections being given
coinardently on the first two occamons, the cost of such a course is not very

To summarize, for cficiency parenteral arsenic is the drug of chol
for cheapness parenb;cral :;tiinuth and fop utility the epecial arsem
preparationa given mo

Whatever the treatment given the aim should niways be the reversal
of a postive Wassermann or Kahn reaction.

(%E gnb:udng xrnr.:é:m;.-—For htho tarthu?j' les{o:f aom]a workers
have fum _jodide by_mouth m large dosos er_alone_or m
cornbmut.imro with_areeni and/or_bismuth, they ¢laimn That A more  rapid
resolgtion 1n t about by_this mean».

:'Fl'ornsome of the tertiary Jemons eg the juxta articular nodules, the
contractures and goundou cal treatment will also be indicated.

Prognosis —Even when condition Is left uatreated Zgantuzaoua
mlutxmmnmmmnmmmmugnofmiuboth ¢ PIDATY
{but probably rarely) and in the secondary and the Iatter lemons
usually Jast from eix months to two years In net of these stages does
deatheveroccurasa.dh’cetmmltuﬂhodbeuo,andinbothnmpert:eat

always fmduw 8 cure
mel‘hw;uledom of tho third stage may be life-long in thelr nﬂ'ectmand
oven if treatment 18 gven there will usually be some permancot disabilities

3
1ntra,
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here agamn, however death will scldom cccur as a direct result of the
lesions nltfmug‘h quito often as nn indireet one  Death from septie pneu
monia occurs eooner or Iater in mort caees of gangosn

PINTA

Defininon —Pmta {mal del mnto or carate) is a contagious discnse
that occurs o ecttain tropienl countries in the western hemisphero it is
characterized by papulo-squamous cruptions which may appear on any
part of the body and which are chronic and eventually produce pigmentary
disturbances and it 18 cauted by tho eprochwetnl organsm  Treponema
caratct

Drxcani o.—Much has been dreeoversd about this discaso during tho last few
eary but it is obvious that there is still much more to be lexrnt. Ite mtiol
i&?ﬁ in the recent parﬂ.fbm-u th; mbjre:‘]t of roms imagmative wﬂung;-;gnrdmg 2

crent  epecica of unmr of rev EeDera, Arperpillus ontha  an
Trecs yton that eaused the red, white bloe ye‘ifow le and black lesions
Reveral workers (Herrejon, 1827 and Fox, 1928) bave ior somo years sumected
the spirochetal mture of this dircase on atcount of tho responso to antl-ayphilitio
treatment and the podtive Wasstmann reaetion bat up to five years ngp {1033)
the parnrite mamged to evade invertipators.

H‘ﬂbo drease in populations in which other skin dmwcascs  espedally
yawr are common  this has led to many obvioudy mmﬁ&dm—lpdm of tﬁ
ve

the ty
ree distmet stapes of this as there aro in syphilis and yaws
dividion appears to the present writer to be a e cannot help
feelng t thero writers are influen: thelr demro to siress the mmilarity
of pinta to the other

treponcmatoncs.

lestons acribcdutertnrymmﬂuuhumnndaqnehu!cr{nhmrmﬂyumd
by the Treponcma carafewm ts wanting m view of the fa

is wemally epdemie in the eamo coumtry

EPIDEMIOLOGY

Geographea! distnbution —The discase hos a limited tropieal dis
tibution 1n the western hemisphere the mafh countries affected are
Columbia (4 per cent of tho population) and Mexieo (11 cent) but
1t also oceurs in Cuba and other islands of the es Venesueln
Ecuador Peru Branl and Central Amerlca. The endemimty of the
direasc has not been established 1n the eastern hemisphere though isolated
and questionablo cases have been reported from time to time m northern
Afnea, Iraq India Malaya and the Plippines.

The age inadence appears to vary m different countrics and even in
the same countries different obscrvers gmive different figurea most, howover
agree that mnte is rare in mfants and uncommon 1 young children below
five years of E.EL It scems probable that the commonest age of mfection
is in late childhood but that the lestons increase in number and potency
so that suporficlal estrmates indicate that the largest number are in the
third and fourth decades whereas smaller and probably mare acourate
ones indieate an earhier age incidence.

People of tho dark-skinned races mecm to be more enstly mnfected
this 18 apparent in mmxed populations,

ZTIOLOGY
Hist deal—The caupeal Treponema carafents was discoversd by
Tyl moduler ol & mem-oF i TTuvens, Cuba, bt 1o e S ing
n es of a cae o m vana i
wis cpnfirmed two Ly lanco  These workers did not give
the pamsite & name this was donc by Brumpt (1930) who called it Treponema
ty over the name ema_herrejoni giren to it m
Elrhtr_rb‘ylbmynhnto (1940) iz hovour of Dr Herrejon a 4
exiean physichan.

~ Py
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life. Although vencreal transmission is ble the mfecty
ittt s, Bl el S oY el
the :ﬁetnben of notct}ﬁ;’ gne bul Eﬁvunl?nagmfif;.eh oo shored freely by
certain seasons, flies aro very prevalent and just asyaws
2ppamnﬂy be transmitted by Hippelates pallipes and pinta by ub?nl:
@matopotum, g0 bejel may be transmitt mechanieally by house-fics
Un.aﬁkn syphilis, but like yaws and pinta bejel 15 never transmmtted

=
trology —The causal organism 18 morphologieally indistingushabl
from T a palbdum T pertenue, and T carateum, but, in thguvlv’}utef:

opinion it 18 more flexble, The sprrochsete 18 found eanily m early lesions
but is very scanty 1n the Iate lesions the former are presumably the most
wfectious  Attempts to Infect rabbits guinea pigs, and mies Intradermally
have so far lfmlod.Th

Immunity —There is no natural immuntty to bejel and persons of
all ages and races ore apparently susceptible but immunity can be aequired
thro previous infection thus most adult Arabs are mmmune through
nfection n childhood. The Wastermann Kolmer and Kahn reactions are
constantly positive in this discase

The question of eross ty between bejel and syphihs, yaws and
pinta has nat yet been settled, but the wnter has seen syphilitic chanere
develop in Arabs who had had bejel and who showed s pomtive Kahn

OTL
Pathology ~This has not been studied to the same cxtent as in the
other treponematozes but it is evident that this disease in an emblasto-
trople one like yaws and pinta rather than a panblastotrome one, like

eyphiba.
The skin lestons are charactenatjeally granulomatous ones

SYMPTOMATOLOGY

The mtial lemons are usually m or around the mouth however in
those rare coses where the mnfection 1 venereal the lemons are naturally
on the gemitalia. These imtinl lemons are usually patches which des-

te but do mot ulcerate The usual location 1a the lips, engles of

s mouth tongue, or mmucosa of the cheeks rarely the glans Inbia

or mucosa of the vagina, At the same time, or sometimes after s short

mnterval papules ap on the trunk extremities groin and gemtahs

and develop mto te and rarely roscolar eruptrons. As there m never

a history of an g correspondmg to the chancre of syphilis,
it seems probable that these conatitute the primary lesfons.

There are no constitutional symptoms, and no pain or pruntus mn
association with thess early lemons and apparently the health of the
child 18 not impaired. Theee lemona disappear spontaneously without
Jeaving any scar, and often without any treatment.

A latent od 13 followed by the appearance of the late lesons which
are usually tive in character A wmall erythemsatous patch appears
m the soft tissues of tho mouth this breaks down and spreads to the soft
palate tonsi or pherynx so that swallowing becomes panful. Leucoplakial

tches may be observed m the mouth After eoveral months the lexion
eals with the formation of ecar tismne. Bometimes the process extends
tatho)nrynxnndpmdumchangm{nthewiceorboarmmmm
stridor due to the contraction of a cleatrix, Simnlarly the uleeratino lesions
of the noso may destroy the soft tmues and even erode through the hard
palate Into the mouth and mnnﬂa&dnm produemng a gangosa like
condition apd rarely paransenl swellings resembling goundou develop
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The charncterstic skin lewions bemn as papules snd then ulcerate
these granulomatous uleers heal in one place while spreading in another
and at times fungating masscs terult that hecome covered with crusts
and exude a ecro-sanguincoux or purulent discharge.

Hvperkeratosia of the roles of the feet cither localized at sites which
bear woight or generahized with extenmve fissures are common findings
There arc mimular lesions of the palms. Sometimes depigraented areas
appear on the skin and there may be alopecia (Hudeon, 1936)

Penioatitis and osteitis, especinlly of tho long bones {requcntly occur
patients complam of thmbLing bone pains and zometimes the small bones
of the hands are imolved Juxta articular nodules around the knee
onkle and bach aro seen Theze are painleas movablo hard masses which
do not have any tendency lo ulecration but may becomo fibrosed {Hudson
1635)

Therc 1e either loealized hypertrophy of the lymph nodes 1n the neck
crom epitrochlear remon or a diffused genernlized Ivmphadencpathy  Such
glands are painlees and freely movable  They usually disappear altogether
eventuallv

Apparently there are no cardiovascular symptoms but occamonall
cares with invasion of the central nervous system havo been reported wi
chanpes i the chemistry and coll count of the cercbrospinal fluid and a

tnne holmer and-hahn (Hoff and Bhabey 1940) It should, however,

remerabered that bejel and syphilis can probably co-exist  Tabes an
general paralysis are rare among Arabs
TREATMENT

The epecific treatment of choice 15 necarsphenamine. It must how
ever be remembered that tho Arab eannot tolerate large doses of arsemicals
Bismuth comes next in its efectiveness whilo mercury also g1vea very antis-
factory rerults A much shorter course of treatment than that given for
syphilis 13 necessary

Prevention —The most effective means will bs by education and
propaganda amongst the tmbesmen combined wmth a treatment eampaign
particularly amongst the children. Bismuth 1s the most practical drug
for this on account of its relatively low cost and long-continued action
but arephenamine is more potent.

PROGNOSIS

This 18 good In many cases = spontaneous elinical remission will

occur without treatment and the response to anti-syphihtic treatment is
cxcellent
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Introducion —There are many types of skin ulceration 1hat will ba
encountered as frequently in a temperate as 1n a tropieal climate  specifio
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ulcers e hilitie, tuberculous, actinomyeotle, apd ders ul
tod with systermic or blood dissasce maih as linbatea epens pellagra,

slekle-colled anmma and purpuric conditions non speeific ulcers ansomat,
;vrzth var(;;ose vemns and eeplic ulcers mocondary to skin diseases abrasions

The ulcers especinlly assocated with the troples that have been des
oribed or will be deseribed 1w other soctions, molrl’ule the cutaneous lewh-
maniams orental sore {p 178) and ﬂplmdla‘fﬁ 101}, leprosy (p 481)
yawe (p 524) cutaneous amwmbiasis (p435) tularems (p 345) rat hite
fever (p 287}, tsutsugamushy disease (p 276) and the venereal ulcern-
tions lymphopathia venereum (p 652) and granuloma venercum {p 560),
a8 well as the secondary ulcarations of bubonic plague and the rare ealfulo-
eutaneous type of eepticemmo plagus (p 321)

This leaves two tropical slan ulcerations that do not fall naturall
D;h:oc any other section, namely ulous tropicum or Naga sore and veldt

ULCUS TROPICUM

Definttion —Uleus tropioum (Naga sore or eo-called phagedenic
uloer’) is a troublésome lesion that occurs usually on the ]egl: amangst
field workers mainly m humid tropical clmates 15 apparentf
1 part at least by an anaerobie fumform bacj)lus.

Geographucal distribution —Uleus tropiourn oceurs in many tropieal
countries, but the majority of the earlier reports on this condition came
from Africa and India It is also common m tropical Ameriea

Epidemiology ~—It occurs almost exclusively in hot dsmp elimstes,
ond amonget farmers and fleld worhere. It 13 more Tepo.
smongat labour forces 6g tea plantation workers i such countries but
this 18 probably besause of tho financial Joss to employers entsiled as
there i evidence that the private cultivator also often suffers from the
condition. Recently a number of Brtwh and Indian soldiers 1n Assam
have suffered from samewhat similar sores but 1t meems questionable
whather these sores have the 2ame mtiology

The disease occurs not only amongst men, but amongst women and
ohildren of both sexes m the population groups mn which the fatfer also
work m the flelds

Tn the tea-estats labour forces m Indin ulous tropicum reaches its
peak of mudence at the beginnmg of the rainy season that 1 in June
or July In most places there is & distinet seasonal incidence and,
the months of highest incidence may vary in different places it i nearly
always & hot and humid season of the year

'Fllmre = & marked variation 1n the wncldence from year to year in
any one locality this hms been particularly noticeable on tea-estates

ETIOLOGY
A number of theories as to the cause of this condition have been put
forward, with reference to which 1t 1s eamer to be critieal than constructive.

. word phagedenic  (Ltenlly ‘-nﬂn{nnkurotmdinim\;}m)
roprte for the typiesl exampies of 'Nags sore  (named
hm“.fm&tbnbzrﬂﬁmlwu?{‘b&(u&mthdmcgmwnNmm
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The subject can best be discussed under three headings the predis
posing factor the specific oramsm and the determimng factor

(a) The predisposing factor —There has been a strong tendency
recent years to attmbute tropical uleer to dictary defiieney in whole
or m part The present writer (Editorial 1034) discusming tho subject
from the pomt of view of Indian expericnce suggested that dicte
deficieney shiould be conmdered as n posmble factor and Clements (1034
reporting cnee m Papua obeerved that agriculturiats living on a
poor diet suffered more than fishermen on a much better high protein diet

Papers 1 which dietary deficleney 18 meriminated have never been
Yoy cONvInCIng ot Yery ific in ther ndientions as to which ieular
dictory element 18 tho determining ono  severnl vitamins and ealerum
have been named  Further many instances of the infection—natural
cxperimental and aceidental—of well nourished persons have been reported
Ncvertheless one must conclude after a general survey of the epidemiology
that tlie state of nutrition of the subject pomibly and oven probably plays
a part in the etiology of this uleer *

Again 1t would sctm not unreasounblo to supggest that debilitating
diseases may reduce the iIndividuale resistance agamst the mva
orpanism  and standard tropieal infections such as malaria dysentery
ankylostomiams have naturally been selected in fact at one tume these
uleers were actunlly labelled malanal uleers  But there is no good
evidence 1n favour of any one of these infections having any specific pre
disposmg properties although it would be unsafe to deny the poesibility
that in a genernl way they all help to undetmine the patient s resistance

(b) The speafic organum —The frequency with which a fusiform
bacillus alone or the fumform bacillus plus a spirochmte are found 1n the
wound agmin make the causal association between thess o and the
uleer an obvious hypothesrs These organisma are usually severally
as Bacillus fusiforrus and Treponema vincentt although many writers
believe that they aro two phases of the snme organism others in order to
avoid teking sides 1n this controversy refer to the condition es fuso-
spirocheetosis In Indie we have found that the fusiform bacillus is
constantly present and that there 18 always another organism almost equally
prommnent m the field this 18 however not alwoys a spirochmte but s
c\;ﬂte often a diphtheroid This view {a not incompatible with the umitanan
intory referred 40 above w1 the mmtances m weh there were no
spirocheetes 1n ulcers 1t may mmply have meant that on account of some
local condition 1n the uleer all orgamsms were i the fumform stage

‘The proof of the causal association of these orpanisms is not complete
a8 1t has never been 1ble to induce an uleer W]rg 8 pure culture of any
of them although has been done frequently with mixed organisms
from an ulcer and with a mixed culture of Bacillus funformus and elther
diphtherords or streptococer Further irocha infections are
found frequently 1n ulcers of the mouth and m vencreal lestons
and 1n gangrenous wounds of varigus localitics

The fusmform bacilus 1s about 17 microns in length and 1 mueron in
thicknes it 18 fusiform in shape ns 1ts name implies and it staine well
with Romanowily s staines usually showing a l].LgEUy beaded appearance.
It hIgr;m negative,

t s an anaerobe and can be grown on gelatin serum r It would
however be surprising if in the many tropieal countn:fnin which an

Recently Chariers (1943) has produced further evidemes t pport
r8eberency theory He conmders Lhtp\'lt:min Al {h: deﬁd(:ﬂtndzannt. the dictary
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ulcera &g hilitie, tuberculous, actinomyeotie, and ders, ulcers
associated with aystemic or blood diseases such s émbetcagllf;)nrue },)ellngn
sickle-celled an®ma and purpune conditions non specifio uleers associn
orth vnridicma velns, and scptio ulcers secondary to skin diseases abrasons

The uleers especinlly assomated with the tropics that have been des
enbed or will be dessnbed mr other mectioms mnﬁxde the cutaneous leish-
mamags onental sore (p 178! and espxmdi’a. (F 191), leprosy (p 481)
yaws (p 524) cutancous 1as1s (p436) tulamemin (p 345) rat bite
fever (p 237), tsutsugamushi disease (p 275) and the venercal uleera
tions lymphopathia venereum (p 652) and granuloma venercum (p 560
83 well an the secondary uleerations of bubonic plague and the rare cellulo-
cutaneous type of septicmmie plague (p 321)

This leaves two tropical alun ulcerations that do not fall naturall
into any other seotion namely, uleus tropicum or Naga sore and veldt
aore

ULCUS TROPICUM

Definition —Ulcus tropioum (Naga sore or so-called phagedenic
uleer®) 18 & troubiésome leson that cccurs usually on the les, amongst
field workers mamly in humid tropleal elmates it ia upparentl’y caused
m part at least by an anaeroble fumform bacillua,

Geograpbical dutribution ~—Ulous tropicum oeccurs in manv trapieal
sountries, but the majority of the earlicr reports on thm condrtion came
fromEAtsma a;:d Imiu}t It 18 also commonlm tropxa.l ﬁ&menm. ima

pidemiology ~—It ocours almost cxclumvely ot damp olimates
and amongat farmers and field workers. It 1 more eomman};' reporteé
amongst Iabour forces eg tea plantation workers in such countries but
thie iy probably because of the financial loss to employers entailed as
there is evidencs that the private cultivator also often suffers from the
condition. Recently & number of Bntish and Indian soldiers in Assam
have suflered from somewhat smular sores but it seems questionable
whether theae sores have the same mtiology

The disease ocoura not only amongst men but amongst women and
ehildren of both sexes mn the population groups in which the latter also

work 1n the flelds
In the tea-estate Iabour forces 1 India uleus tropicum reashes its

peak of imcidence at the bemoning of the ramy season that s in June
or July In most places there is a distmet seasonal merdence and, dmu?h
the months of highest incidence may vary n different places it is nearly

always & hot and humid season of the year
Rm 18 & marked variation in the incidence from year to yt:r in

any one locality this hea been partleularly noticeable on tes-esta

ZETIOLOGY been
A number of theories as to the cause of this condition have
forward, with reference to which 1t 18 easier to be critical than construe

*The word phagedenic (lﬁmﬂym-ea.nlﬁuﬂn
hmtulﬂlppmpmlﬂ for the typieal exam: u{d’
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The subject can best bo discussed under threo headmgs  the predis-
posing factor the specifie msm and the determining factor

(a) The predisposing factor —There has been & strong tendency in
receat vears to nttribute tropieal uleer to dictary deficlenoy 1 whole
or 1n part. The preeent writer (Editorial 1834) “discussing the subject
from the point of view of Indian experience, suggested that dletarg
deficiency should bo considered as n porsible factor and Clemonts (1034
reporting ricnce m Papun observed that agniculturuts hiving on s
poot diet suflered more than fishermen on & uch better high protein dict.

Papers in which dietary deficiency is inemminated have never been
very convineing or very ific 1n thefr indications as to which cular
dietarv element 18 tho ?ectccrmhmg ono soveral vitamins and enleium
have been named Further many instances of the infeotron—nntural
cxperimentnl and aceldental—of well nourithed persons have been reported.
Nevertheless one must conclude after a genernl surveoy of the eg}ldommlogy
that the state of nutrition of the rubject posibly ond oven probably plays
a part in the mbiolopy of this uleer*

Again 1t would ecem not unreasonsble to suggest that debilitating
ditenses may wreduce the individual's resistance apainet the tuvudmg
orpanisms and standard tropiesl infeotions such as malarnia dyeentorv an
ankvlostomiars have naturally been eelected in faet at one timo these
ulcers were actually labelled malarial ulcers  But thers is no good
evidence in favour of any one of these infections having any specific pre-
disposing properties although 1t would be unsafe to deny the possibility
that m a general way they all help to undermine the patient s resistanee.

(b) The speafic anism —The frequency with which a fumform
bacillur alove or the fusiform bacillus plus & spirochmte are found in the
wound ngain make the eaural assomation between these and the
uleer an obvious hypothem=  These organisms are usually known severally
as Bacillus fusiformus ond Treponema vincenti although many writers
belicve that they are two phascs of the rame orgamsm others 1 order to
avord taking erdes 10 this controversy refer to the condrtion as  foso-
spirochetons  In Indin we have found that the fumform bawllus 18
constantly present and that there 1a alwayn another organism slmost equnl}g
prominent m the field this is however not always & sprrochste but

uite often a diphtheroid This view 18 not ineompatible with the uhitanan

eory referred to sbove as 1n ths mstances in which there were no
spirochmetes in ulcers it may mmply have meant that on account of some
local eondition m the uleor all organisms were in the fumform stage.

Tho proof of the eausal association of these orgamsms ia not complete
a2 1t has never been ble to induce an uleer with a culture of any
of them although has been done frequently with mixed organisms
from an uleer and with a mixed culture of Bactllus fusformis and either
diphtheroids or streptocoeer  Further, i 1roohs jnfections are
found frequently 1n ulcers of the mouth nnmmx m vencreal lestons
and 1n gangrenous wounds of various localitics

The fusiform baeillus is ebout 17 microns in length and 1 micron m
thiekness 1t 18 fumform in shape as its name implies and it staine well
with Romenowsky s etains usually alowing a slightly beaded sppearance
It is gram negative

It 1% an anncrobe and can be grown on gelatin serum apar It would
however be surpnmng if n the mony tropleal countriea in which an

* Recently Charters (1848) has produced further evidenee to support the dsel
eficency théory He consldery that vitamin A b the deficient element. il
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apparently simiar ulcer appears there epeeafi
orﬂnmﬁ:mm P were not more than one ¢

(c) determining factor —Thero seems to be v httle doubt
that some breach in the epitheliom is casential to allow tg?orgaﬁma to
gamn ent; Four common causes arc (1) injury () dermatitws )

o r, Ctonjury 1y those who walk about bare legged on areas of skin likely to

be affected by dermatitis as a result of commg 1n zontact with iritant
plants chemical manures ete or at pownts whers hookworm Jarve often
enter and cause vedloulation Ponja and Acton (Aeton 19832) showed
expermmentally that it was easmer to produce an ulcer on the leg than on
the arm 1n the latter mtuation a sore formed but hesled rapidly whereas
1o the former 1t developed mto o typical ulcer

It 18 often found that occupational groups particularly rubjeet to
local injury e g tea garden coolies working amongst tes bushes suffer more
than thewr fellow coolies who work in the factory atd even amongst
Clements Papuan natrves (12de supra) the factor may have been occupa
tion rather than diet.

The source and transmission of the cavsal organum —The funform
organism 18 found infecting the mouth and other mucous membranes but
it also occure as & eaprophyte widely m nature and s commonly found
the soll The ulcers appear n outbrenks m which a large number of
persons are affected about the same time but 1t has never been eatisfactorily
demonstrated that one n 18 nfected from another efther directly or
indirectly and 1t would be equally 1n keepng with the cpidermological
obseriations to assume that they were all infected from o common souree

Insects have been suspected as vectors but there m no mdication
that they act otherwiss than ns mechaniesl transmitters the common
house-fiy and flies of the genus Syphunculing have been particularly eus
peoted. These Intter flies are very prevalent at the searon at which these
ulcers ocour and they are certainly attracted to purulent wounds but they
have never been menminated expenimentally and some negatrve observa
tiona have been made It is almost certafu that flies could act e mechapcal
transmitters how far they are responsible for outbreaks 18 uncertmn® and
there 18 bttle postive supporting evidence for the hypothess

Roy (1928) suggested that the bacilus probably rewains wn the soud
Just b:ﬁ)w the surface during the dry season and that when the first
monsoon Teans comvert the surfnce soil mto mud which 1s splashed and
caked over the legs of the coolies or cultnators snacrobre fustform bacnlli
which are mncluded 1 the mud mfect existing skin wounds. Later whea
the rnins beeome heavy, the baeilli are washed out of the sol  The pretent
writer fecls that this theors fits manv of the known facts regarding the
epidemuol of the discase It-secma quite possible that the varations
1n the weadence of ulcus tropicum from year to year might bo nccounted
for by varitions m climatic conditions or m the use of manurea wlich

will alter the o1l florn
PATHOLOGY

fusiform bacillus 1% unable to establish iteell without, t  co-

opergg:‘:n c\ali“ mmno other orgnniem  the mcmbrane—j}hmducmg d

appear to be amongst the most suitable 5, ¢ fubl]fnh

multiply rapidly under the protecting d eatablis

m mgcuMnecua tissues  they have Im of tuewue
vee o toxmin that causes net overlymg

cellular reaction fn the surrounding ! H there 19

{
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Fiee 1 anl 3—Bhowmng t
tropleal uleere in Avam ter-
1 horers (s 1028)




Bhowing fumform bacill
spirochmtes fn a direct nlm:;i
th Qiemmm,

Showing_diplococer m g direct
nm?:lr SthPned with Gremm

Fusiform baeilli a3 acen fn the
gut of Siphoneila 3 hours after
:y ingestion
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fin fem tion 410 clg~arta the ba e of the vleer under tho layer
of froafen Yo W w¥r) f sroa thiek wat mmediately under the upper

M dsvref w1 oty o orulation uoue 1 later repla to
ettt ittty 5 1 Th =t 1 eme in liention that the individual
e 1t N Yhontm 1 the nlecr tend to 1o ewrenlar and

et mee thonornan Toar 170 s he an dinmicter it downward exten won
T hmt 1 1 fire f 111 rothat o eneountess nnd ate Interal
atramis s oo of ¢ Tl roaety noand eventuslly by the fibrocie that
oetut - Thre nre of  ure crentm when two or geseral scparate
et 4t fomya 1t oanl cm tune arregular haped wlecr which
way chinet ume g 1) )z oanterfere watl th o ewrenlation and {vmph
dmmage nud ean g anful g done of the dop and foat  There 1= no
Cilnee o bt non o r gl tie exten 1n Although the proximal
Bogh e lw aay enl e 1 ¢ e alf of nfection of the wound with
P e

SYMPTOMATOLOGY

Sl line yagal osppwar of th te of snoew ting rerateh or
almoion tha myally Ie ot e an L the neerotte ti ue 1 removed
sl ule r woth und moee ) g wall b Dund i lerneath The uleer
UL s ot an s few 1y wall have renched the  standard  mze
e vpray 0 wenint uwler ftomoan aned ta tRo inehes - dinmeter
Gther uleay mny e pelal be levdloming i the newghlourhood  these
N renlon dy rale oy e) o and forn a large uleer Inoa large
perntup of en th 1 hovever oy o ancle areular uleer

The ule te nte uw unll e (b bmor linb en the doreum of the foof
at the unbl or in tgp of en the front of th Jeg a fus nches above the
’”’Rr thev gurds our nl v the Inoe ¢ LINAN]

IEEeon tiun nnk sag tom of nt e rather than o iebnte nature
fun weompam e ul o 1 aen teop ulecrs may not be pr\rt\culm’lgl
il provi 1§ they 0y oot dnterfere sath the blood supply or 1““\{;
dratnagy iy when thy occurs the willing henvines and pan ma
the patient umatlc or ut den ¢ mchned 1o do hi worl

Th diehurge v unudis & redh b waters xudate that trickles con
Unvou Iy fy ) nnidir the neerotie membrane that covers the uleer  The
Ares of th ulecr ut fir ¢ ave undormined but Iater become firm ibrotic
anirabed Thy wlecr extend down to the fir { faccinl layer or to the bone
but the ar Gunry tropien) uleer doc~ not usually mvolve the bone or the
Ioile hawovr the dunger 1o Jomts from the presence of a large open
ﬂmr wound in thar viemity 1= obvious and 1 many cases the septio
iection does extend to the tendon sheaths and jointe producing o danger
Bus condition at the tume and serons eripphng afterwarda
’ e uleers ure u unlle very chrome bLut even withoat any speeial
210 of treatment most of them will heal up 10 a few month tmc n
A am for cxample when the rume stop and the weather becomes cool
Dng?mbe They lenve o eon werable scor  Any mmmunity that there is can
th 3 be tury Wmporary o 1t 14 nut uncommon for & patient to suffer from

e uleer “year nfter yenr at nbout the snme season each year

e

Wh DIAGNOSIS
n tropical uleem presenting the typiesl peture—eircular sioughing
ulrers wit), o T rajecd edge exuding wyr?)-lmrgorrhx\g{c flnd and mostly
Ton the knee—aie ween agatnet their appropriate epidemiological hack
" there should be no diffieulty n arriving at & correct clinlenl
‘:@Dﬂ! but not even thowe most fammhiar with them should be E]repnred
®aks o disgno 1 when an olated uleer ia encountered uther
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circumstances one must first exelude uleers from oth
mar&ﬁc bacb;rlmlchc:g& exlnx:nmahan, e catiten and fuslly
er conditions that have to be exoluded are vanmeose uleers (pot
common 1n the class of patient who is likely to suffer from tropreal ulc(er)
syphilitie ulcers (which can be excluded a negative Wamermann
resotion) yaws (whish can also bo excluded 2 negative TV assermann
reaction and by fedure to find Treposema perfemue m smears from the
uleer) oriental sare (hich has & very different geographical distnbution
and ix confined to drier chmstes aud will show ihe Townd forms of
Lewhmama tropieca m matenal taken from the edges of the uleers see p
11.251‘)‘ te:il;d veldt sore (from whioh true Corynebacterium diphthehe esn be

If & smear is made from the exudate or better still from a seraping
from the base of the ulcer the characterustic fumform bacilli with or with
out :j;n'ochmlez, will be recogmsed eamly In s Glemsa stamed apcuimen
the characteristic beating of the fusiform beailli will be clearly ecen (see
plate XX)

PREVENTION

As there 1 atill some uncertamty about the cause of ulous tropicam
tmeasures to prevent 1t cannot yet be placed on & proper acientific” bass
but 1f meanwhile we adopt certam promses 1t will Ee posmble to map out
& provisional preventive programme these premuses are that the ulcers
ere most hikely o occur an people who are il nounshed and/or debilitated
{rom diseoses such ss malara and dymtm'ga that the causal organmen—
which 11 appa.rmtl{ o fomform anaeroble baclllus—m naturs lives as &
aaprophyte probably i the soil sod that an epidermal lesion due to
trauma, dermatitis water sores, msect or lecch bite, or to some other
cause, 18 tial for the sp arg or_org to gam en
Proventive measurca should therefore melude (o) mprovement of the diet
and genern! state of heslth of the populatien (b) the protection of the
bmbs agninst dircet contact waith the soil or mnd and the esrly cleansing
of the alan thus contammated (o) protection of the Jegs from traums
contact with irntant planis and insect and leeoh bites and the prevention
of hoolcworm snfection and of dermatitis from any cause,

How thest recommendations are {0 be put into practice will depend
¢0 much on loeal oconditions thet detaded duscussion here 13 out of the
question Very careful consideration should howeier, be given before
any special wessures ave adopted, as m the most promising theoretical
recommendation there 1s hiable to be 8 rnag  The pont can possibly be
best tlustrated by quoting two recommendations made on @ priort grounds
that 1 practice {afled. . ers

wmendation —~That ow conerele reservor contajmmg an 3

Jatn 16 meher dee‘;::ﬂe e a'g;h?:nkb‘ﬂm“’d cgarien Coois T

e e sntaepilc s wouk. [t berarat sectraleed aller o At few
had tral

that
detriments!
_That tes-etats coalies should be provaded with putties
to piﬁcg'ﬁ:?iﬁ“mm serptehes which they are very jo to get from the
pruned ten bushes.
" the duy the Jo» became smturated with tain and
mud?:’n‘é‘ib: mydmda;; pu)ukn fm rest of the day caused dermstites
1t 1 possible that in eertajn circumstances both these recammendntions
imight have been wucceesful but in most cases they were a failure
spparently for the ressons given above.
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The encouragement and 1f necestary rupervinon of individual cleanxing
of the feet of conlica on return from work and the early treatment of all
skin Jesians mav neceemtate the temporary employment of conmderable
extrn perkonnel on A tea estate but may be well worth undertaking 1f
the efficieney of the Jabour foree 18 ferou Iy threatencd at a timo of year
when most labour 1 neeted a when there i a sertous outbreak it often s

TREATMENT

There 1. no short cut to the trentment of thie condition as 15 evident
from the multipheity and the varety of the treatment advoeated Nearly
every writer on the sabject has some specinl treatment that he considers
the In view of the porability that the namo ulcus tropicum 18
used to descrbe an mbiolomenlly heterogencous group of uleers short
accounts of rome of the treatments advoeated by rcliable observers will be
meluded

Some Treatments Advocated

Speafic  —Parenteral areenicals  aryy ine neonrspl
and novarsenobenzol can claum the largest number of advocates  Various
brsmuth preparations Lave also been used apparently success{ully

Sodium jodide mven by mouth in doses up to the point of pmducms
10dm combined with local applications of hydrogen peroxide has ha
some tuccer  For m]phxmilum{:le ond eulphathinzole good results have
been elaimed by some workers ond denled by others

A number of workers have advoeated autogencus and ific stock
vaccines prepared by various methods but others eonmder that as
Terults are obtaned bv stoek non specific vaccines and yet others have
recommended milk injections

Under th1 heading aleo the specific action of ealerum end of several
vitamin  that have been claimed by some-—u<ually 1solated—workers
should be mentioned

Loal applicaions —\eoarsphenamine and other arsenteala and sul
phrmlamide and sulphathiazole have been recommended as local apphea
tions A eaturated eolution of potassrum permanganate (5 per cent)
n'pr‘ned by means of n shaped pmece of romked it to the wicernied orea
only for as long as the patient can stand it pure phenal or powdered copper
sulphate 1n glycerne J::Jo PArt 1 two) mrmlarlJ apphed crude tar and
powdered cinchona febrfuge have each been advocated More recently
whole blood eerum and powdered dry plasma have been advocated as
dressings  Some wuceess has been claimed for cod hver oil dressings

Far bathing the uleers seriflavin 1 in 1000 potassium permanganate
1 1n 4,000 and electrolytie chlorogen have been advocated. Innumersbloe
ereams omtrmnts and dusting powders are in use 1 the preparation »f whieh
zine ande scveral ismuth ealtr 1odine, 1odoform and/or sodium hypo-
chlonte are caminned with olive ml paraflin lanolin or bone aeid

Burgieal procedures from debridement to total excislon of the uleer
have been advocated.

In eon.idenng the treatment of tlis condition it 18 very necessary
1o keep the practical aspects of the problem before one  Thers will of
couree be other arcumatances but a comimnon one will bo that in which a
Targe number of coolies 1n a labour foree are suffenng from these uleers
and the immediate requirement 1 to get them on to therr feet agamn in the
shortest timo poesible In most eases 3t will Puy in the long run to put
the patient mto hoepital (and there will usually be some sort of hospltal

N
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PATHOLOC AND RY MPTOMATOLOCY o0

(a0 peture waff e [ nficl The wnte very mucl regeeta that he ha o
wnt the hart rnow ni hopes that {f th1 book © or sev mio o weond edition
he wT t! rrin be tle to mid th fnat of reeent expenence
Shin infection w tt th  Ri be Toefll ¢ bacilhee jo recocmier ] in temperate
tlmairs and tn the wnt r reeent anl p t experience biphtherod  and also tro
diphthet 1 @ll I ¢ =m timea been = lafed from several different forms of
wleer epear 11wl tropicum bat it eeme impn tifial o on theee ground  alone
to @ll ther v 1t e The wrt © prepos= to confine the drrusnon in th
thitrto the h Nlow nleer of derrrt a1 while recogmuting th fact that even
theer am prodml 1s s heteromeneons eTyup
Geographical dstribution —The condition ha  been reported from a
nuniber of Dealti= nuinly i the  ub-tropiee where desert condition
prevail South An traha (Barcoa mver) Queen dand North Afriea nclud
g Tevpt and the Sudan South \frien Gallipoli Arabia and Iraq and
northern Indin
Epidemiology —The di ea ¢ 1 largels confined to sojournere in hot
desert mrea cg Au tralian n the Barcoo river area 1t wa  prevalent
among t Brtr b oldiers m South Afriea in 1800-1001 amongst the coloninl
nnd Britd b troops in Callipoli Feapt and Iraq in 1914-1018 and recentls
anwngest the Fuli‘ll(‘l\ of the Unitedd Nations in N\orth Afrien
It | mworc common mmonmt fair haired than dark haired  and
commoncst amomest red hared indiviluals 1t loes appareatly  oceur
among t the fairr hined natines «f the endemic aren e the Arabs
of Ira § Lut 14 not common among<t thesc and 1 even rarer amongat darker
slinned African and Indinn

ATIOLOGY
Hutorwal —W I (1818) not ! the < 1wt on of th ~c vores  th d phthentie
}-&nl]u aml Crae (1810) 1 mom trot d the preenee f KleheLoeffler baall in
{s23
hlels Loefller bael € orynebactcnum  diphtherte  are recoverable
from the well-cetabhiahed uleer in a lurge majority of earex  In the pre uleer
veseular stage it is not usually found  This wuggest that the lesion n
1ite early  tager hae rome independent cause and that the diphthena bactlius
1 superimpared and gives tho uleer its epecial character particularly ats
chromeity
What tlien are th predpo-ing eause~ of thir {eston T 4 number of
ruggestions have been made  Dietary d ficiency  sun trauma Henderson
1043) and trauma anl perronal suseeptibility of the fair and red haired
In cacl ease the data preeented sre suggestive but in Do case convineng

PATHOLOGY AND SYMPTOMATOLBGY

The lemons usually appear on exposed and hairy part of the bods
talthough not usually ou the head) on the dorruru of the feet an the hoces
on the back of the handa on the forearms and on face neck and ears A
emall veaicle desclops at the root of a hnir and gradually cnlarpes into
a bh ter wineh cventuslly burts leaving a shallow uleer At firet the
baee of the ulcer conrl t of the deeper Inyers of the emdernu  but the
miiitration extends into the derm  and the remaiomg epidcnnal lnver
tloughs off the uletr extends centnfugally up to 8 miaximum of about
two mches m diameter At tlus stage the edges are punehed ouc and
slightly indurated and the base of the uleer which 1s etill shallon 1 covered
with a grevish slough the rumounding shin 1 cianowed rather than
mflamed and there 5 nct u ually mueh exudatc  The lymphatie invelve-
ment I not con tant and pmlmb?) dupende on the nature of the secondary
v ading organiams

Tho gpeeial charnetcr of the lesiona s thewr ol tinate chronieity and
their failure to respond to any of the usual treatments for septic sores
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ble effect of dict ono mu t add by the gving of a balanced diet nieh

vitamine

The supenimpoattion of the diphitheritic infection can be prevented by
earh treatment and the pmtection of all rores and abramons and 1n the
tase of troops or other communitice by the dircovery and suitable treat
ment of all diphthena earmers

TREATMENT
The treatment of the carls sorex need not be dh e od here, however
when the Rlch-Locfler bacillus 15 implanted in the wound anti-diphtheritic
rerum becomex a speeafic The serum 1« applied direetly to the wound
and about 4,000 units are 1njected Into the tissues around the wound  The
cffeet 1 wually drmatic
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Defimtion —I yrophopathia venercum (syn. fympbogranuloma snguf
nale and poradenjtis} *{, a disense of \enereal ongim caused by a filtrable
virus wlich produces o primary sore at the point of entry that is frequent! d).;
overlooked nfection of the mnguins) glonds in men and the pdnc ghn
in women and o series of conditions thet have fu the past been
sererally as  elimatic bubo uthmmenc or nlcer and elephantiams of the
genitals  gentto-recto-anal sv and ¢ tory stricture of the
rectum
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Hwesocal —Climatie bubo has for mmny years been recomnired a3 & venerenl
eandition wmmun amonget and apparently p\-culhu-to. milon ﬂm hrn vinted
onental and other tropial ports 11 was thos ramed by Godding i 1500
M-tcrnhythnm'mod:mn but one with a oightly mder incidence was lafer

by Durand, K condxha:becuneh

dexeribed
m Frapre sy Nreolas-Favre dbeaswe The t
elephantiams of the female pudenda, sometimer syeociated vnu:mul anctare
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md jroctte b 1 heen kmown to mnrcolom t for nearlv a hnndred yeans
(Hugmer 1819) a  othi mene Rupgrone hal lonk recomnized an mflammatony
ancuore «f the wet m in w men e oy of which dwl not seem elear but
wlrth =  comm n m prochtntes aml often asocmted with vemereal dweave
Tt fell 1 mucrol inloeid to cotrel t these ind pemient checrvations of v nereol
ot pynreoloret  and mmgeen  aml an 100 Hellertrdm an! Waedn and
duning the nevt 1xo yeare Lova Lt amd 1« co-workers (1831) and Findlay (1932)

Fowrd th t th  were all eaner ity n amd the same fitmble vim c way
bad bren eleared try Frel (1923) who mtroduesd a mpetifle test for senereal
kmy bogmanul m and elimatt }oho  Btann e (1637 hd mueh to dmw attent on

t th growp of diseases a group 1v the publiention of tis book  The
Vene al Drea

EPIDEMIOLOGY

raphical distmbution —It hn  a world wide distribution but 1t
y undoubtedly nueh nmiore common in tropieal countries this is probably
le+< a matter of ehmate than of soeial conditions (tnde 1nfra)

Soctal sex and race dumtribution —It 15 o venereal dicase It s
particularhy o oclated with the low-claex prostitutes that frequent dock
areas in 1most countrics In the world The diseae 14 very prevalent
Mediterrancan South American and Eastern porta where such prostitutes
abound and where hittle or no control is exereised over them

In o woman cvidence of the discare will often e concenled 2o that
thie wav be uncon erous of the nfection and tran nut 1t to & number of
mwen men are therefore more frequently affected  Further for the same
rea<on men will be more likely to rech medienl advice and the gex dspanty
w1l be exapgerated

In many placer in the United Statea the direase 15 far more common
amongst negroer than among«t members of the wiute populations  Vander
Meer and i co workers reported that 85 per cent oz’the cares at the
Penneylvamia Hoapital were negroes nlthough negroes constituted only 37
per ecnt of the out patient population  Further Freia test surveys mdicate
that a high percentage of the n satient  at venereal clinies suffer {rom
this wfection without necexeanly showming any symptoms

ZETIOLOGY
Hist rial—In 1024 Gamon demmbed certain chromatmo-staniog bodies as
beiog conttantly preeent m ma kea in the lemon of Iympbogmnouloma

mm) thew wro aimost certa bhodir s, !
Hellerstrom and Wawén proved that m&%‘f::]a wa cx:u:u:ldobv n!m rr-tl»? vxi':ﬂ.
‘Chrtuf::hl v';:n workery (Mml t al 1935-38) hav mtdled themselves
Frodlny (1 e ctonily” vin{- deecnbed by Gay Pricto  (1827)  and
o1 The causal organism ia & filtrable virus between Q127 micron and
g 76 micron 1n dimeter 1t through Seits F and K Chamberland
2 and 3 and Berlefeld V and N filters It s transmusaible to most
lahoratory ammals t rats  Mice are the most suitable experimental
animals 1n these ammals an encephalitia 18 produced and from the brawns
of mfected mice an antigen hes been prepared for Freis test. It grows on
the yolk-sac membrane of chiek (-mEryu and frum tlie source alto an
antigen has been prepared.

PATHOLOGY
The virus gains entry through o small ebrasion in the akin or mucous
membrane or posmbly through the mtact epithelium usually of the prepuce
or glans penls 1n men and of the vagina or the cervix in women but in
the latter the eore may be on or near the clitonis in the fourchette
or on the labia Primary lessons nround tho anus and on the lips have



LU ral Bre able t¢ survive for many months and sven but
which eventually must lead to therr death from sepais and uhaum

DIAGNOSIS
The olimeal dia m the well-developed and typicsl eass should
not present a t{buttbarawmbeman)g:pumwhmhthe
yndrome 18 only partislly developed, and m whith & confirmation of the

groms will ba welcome™ The findmg of Gamna bodies and the ulo-
corpuscles m histiocytes in biopsy material will provide some tﬁ?ﬂnoml
evidence, but thess ﬁndin% cannot be considersd wpemfie. It will there
fore be necessary to do Frers test to obtam absolute confirmation of
eustent, or at least recent, infection with the specifie virua.

Frei's test.—There are four sources for the antigenio material far this
test, nemely, (g) aspirated pus from an ingumal or other bubo of a
dingnosed case®,” (b) macerated materinl from an m!awdd?“d' {c)
mouse bram emulsion from a cerebrally infected mouset and (d} emulsion
of yolk-sacs moculated with the virus. The first 15 probably the most
satisfactory but it 1 very difieult to obtan uncontaminated pus in
eufficient quantiies and for thie reasan the mouse-bramn antigen came mto
general 1% some age It i ackmowledged that thi gives lesy olear
cut results and that 1t 18 necestary to measure the papules earefully and
to compars them with a normal monse-brain control to enare a aatiafactary
result (Grace and Buskind, 1938) Bullan ef al. (1941) using a yolk-sao
antigen prepared by MoKes, Rake and Shaffer (1840} reported more
specific results than they obtained with mouse-bram antigen A eom
plement fixation text can be done with this same antigenic material
this gives o very speamfis result

The test becomes pomtive withm 14 dsys of the first appearance of
the primery leden wn a very lerge msjority of csses rarely, the pombre
reaction i delayed for another week. It usually remawns poeitive ss lang
an there are lemons, and often for somo time after they have healed. The
test 18 tive m a B0 per cent of cases of chrome uleerative alephan
tass of virus angin.

It has beem shown that both the inteadermal and the complement-
fixation tests remamn pomirve as long as the virus is present, and, ean-
versely, if the reactions are positive, it Is evident that the virus 1a still
present. This may be as long as 26 years after nfection, and it is possible
that sueh persons are stall mfectzous. of watigrn 1 given o

Technique—An mimcntansons injection of 01 com. of anf
at tha game time an injection of similar substanoe
ﬁt.g;-dm‘?‘mwéfgﬁumﬁmhﬁmnimh&uam The rowlt
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ntien. —Fret {1839) recommends that tho test ahonld not be done m the
pn‘s‘;tt‘n m:aorh(:ns)uwhmtbcmhmpmﬂouwtbopcrhm on
account of tho dangers of s generalired or local reacton.
Tlns dieca ¢ may bo aseootated with other vencreal dieeases and when
n diagnosis of tome other venercal disenso is mnde care should be taken
to cxclude the 1bility that lymphopathia venercum infostion has also
been cstablish Frei s test should therefore be n routine investigation in
vencroal elimes
Differential duagnosis —The buboes have to bo distinguished from
other glandular swellings ncute enlargement e g _eepsis, chanoroid, glandular
faver plague, and tularemis and malignancy the clephantiasis and uleera
tion from fAlanasis and other causes of lymphatic obstruetion, from
granoloma vencreum, chaneroid eancer osls and actinom
nnd the rectal stricture from eancer syphilis tuberculoms ulcerative colitia
and other dysenteries

PREVENTION

Under this heading it 15 only posmble to mako very Fnaml remarks.
In this conncetion certain facts must bo remembered irstly lympho-
pathin venercum, unlike somo other venercnl diseases gomorrhen snd
syplulis for example, 18 a disensa that is confloed to the lowest strata of
vociety it is thereforo obviously preventablo by the observation of the
semmple rules of hygiene that people of the higher social strata observe.
Secondly although there 18 every reason to believe that it is confined
to tho lower eocial strata 1t s not yet fully known how common 1t 18,
and whether there are not perhaps & certain number of persona with sub-
clmical infections who act as earmers Thirdly 1t 18 & disense that has
not received the attention that it deserves in medical sohools or even m

18] clastes on venereal diseases. Lastly thero i a3 yet no treatment

t can be considered a true spearfio for the densc.

The first lme of attack must therefore be education prmanly of
general medieal nnel then of the eoclal hygenist and ﬁl:mlly of the
general publie. In order to impress any of thess g;rnugl with the hnf;:rtu.uce
of the subject figurea will be neceasary to obtain which not only is better
reporting of the chimeally obvious cnses of this disease nnperative, but
chimcally obscure ensen must be sought cut Frevs test murveys aﬁim!d.
be carried out in certain populations ep emongst prostitutes and should
be adopted as a routine practice m vepereal clinles. As satisfactory anf
13 now obtainable eommereially this should not present any great dificulty

Much ean now be done by eatly recogmition and treatment of the dizeass
to himit its spread but 1f a sure speciflc could bo found this line of attack
would obviously be conmderably facihtated

TREATMENT

In view of the divermty of the leslons, it 1s obvious that uny adequate
discussion on treatment would lend one far heyond the scope of this
book, o that it will be neccssary to confine remarks mmmly to medieal
Lrwtﬁxcnt.

0 true specrfic treatment has yet been found some promusing early
reports on the use of certain sulpha  drugs were b]jfhed, but none
of these bag lived up to this early promue which 1a not surpnsing
in view of thelr total lack of sucoess 1n other virus infections

There 18 evidence thst in the early stages antimony will sometimes
cut ehort the infeotlon. The drugs used have beem rodium antimony
tartrate and foundin or its chemieal equivalents for dosage see GrRANTLOMA
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Definition —Granuloma ingumals 15 a o mfectious uleera

granuloma usually of the pudenda and 18 of venereal AK300IA]
wmth the presence m the affected tissues of n&cﬂlug-rﬂ'body the

TDonovan
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Historical —The disease first deseribed McLeod in Indis
-tm.mdofmmmlcm% 2, now generally
mg;deduthem
(1005) and has moce been known as the

EPIDEMIOLOGY

Geographical distribution ~—The infectzan 18 Widespread in the tropica.
It occurs m Brasil and other tropical countries in South and Central
America m the West Indies and in the southern states of the United States,
In tropical and northern Afrnies n southern Chma m Indis where it is
conflned mamly to the south-cast coastal ares, 1.¢ Madray, with a few
cases ocowrring in Bengal but none on the west coaat, in northern Australia
and m several Pacifio 1slands.

Transmusion —It 13 undoubtedly tranemitted venereally as a general
rule but there are exceptions to this and there are certain anomalies
which require explaining. It is, for example, often found m one partner
of o marnage. The ex‘plnm:{:ion for this fs that apparently it is only
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infectious in its early stages  In endemie countries it commonly follows
circumeirion operations even in children and other cutting operations, such
a3 herniotomy in the genital aren

Soctal, sex age and race dutribution -—Moro eases are reported in men
than m women but, a8 1n the care of Jymphopathia venercum this may be
{hat the ecarly rores arc often inapparent in the woman who may there-
foro transmuf 1t to a number of men Children are frequently Infected
non venereally

The mfection appears to bo far more common in the coloured than in
tho white races nnd is confined largely to lower eoclal strata, as is Iympho-
pathia venercum but there are poesibly moro cxeeptions in tho enzo of
thie diren ¢ which suggests that there 1 eome common alternative mode
of tranemieion of infection

ZTIOLOGY

The Donovan body 15 constantly present 1n the tieeues in the enrher
lestonn, It 1s & ehort (1 by 2 mcrons) eapsulated bacillus-like body
with rounded end  but diplococenl forms arc alao acen it is found m large
epithelial cclls It was at an carlier date glven the name Calymmato
bacillus granulomatis but 18 now usually elassified as Kiebnella tnguinale
(Bergey 1939) however 1n view of its marked host speoificity (so far man
only has been infected) 1ts ability to reproduce only in tissues
pamely in largo mononuclear cells and its suggestive stanmg reactions
many workere still belicve that 1t 18 a protozoon or atl;a;:ﬂ rate that 1t 18
not & Klebsielln It has aleo been suggested that the es may be cell
inclunons and evidence of a virus that 1s the true causel o

It is gram negative but stama well with Romanowsky s stamns and for
this reason is often given in textbooks aa likely to be confused with the
round stage of leishmann and with Histoplasma capaulatum In the
former case, there is very lttle mmilanty but the confumon mght well
toke place in the student s mind on account of the mmilanty in the
name« the Donovan body and the Leishman Donovan body

Cultivation of the organim has been claimed by ereveral workers but
ix not generally accepted, and this 1s certanly not a practical measure for
diagnoms  No lower amimal 1a susceptible

Expenmental transmismon to man by rubbmg the exudate from a
sore on to the searificd shin has been cffected

PATHOLOGY

The causal organmsm appears to be able to enter through the intact
or at any rate very slightly abraded ekin or mucous membrane. The
first lealon to appenr 15 o sfiallow uleer that rapidly heals and 1t seems
poenible that thu uleer which is not constant, 18 eaused associated
orgamsms. The typical eellular reaction s 1 tho eorium whero there 1s
firet & round-eelled infiltration followed by a typieal nuloma_forma
Hon with the formation of new eapillary loope epithelial cells and
fibroblasts thero is thinning and later loss of the equamous layer 1n the
central portion of the leston but atound the romo emtbelial pro-
Iiferation and downgrowth of the inter papi process sometimen
suggesting squamous-celled carcinoma  and at the baso of the uleer true
granuloma formation with no cndartentis little tendenoy to necrosis, and
no t-cell formation. However 1n the denso fibrous tissue that is found
in © lesfons there may bo pin pont abecesa formation na oceurs in
actinomycosia

The uleer apreads by direct extension by auto-inoculation of appoced
surfaces or indirectly by finger transfer of infection to more dustant parts
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gramloms, usually of the pudenda ereal associat
with the ’Ereeeme in the affected’ tusmues of a ‘l_)_amlluu:iﬁe body, the
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Historical—The discase wes » it described Afefeod fn Indie
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Tegarded as the cauml orgsnitm was first nssociated with this disesso by

(1905) and hes smes boen known as the Donovan body
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EPIDEMIOLOGY

Geographial distribntion —The infection is widespread 1 the tropice,
It cccurs 1 Braml and other tropioal countries in Bouth and Central
America, in the West Indies and in the southern states of the United States
mn tropieal and northern Afriea m southern Chma in India where 1t 18
confined mamly to the south-east coastal srea, te. Madras with n few
cases oceurring in Bengal but none on the west coast, in northern Australia
and in seversl Pacific islanda,

Trantmunon —It is undoubtedly transmitted vencteally as & general
T e e o el orlen fowad I oy one paris
whio t 18, for example often foun one er
of a marringe. The explnnn\{fon for this is that apparently it u only
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infections in its early stages  In cndemic countnes it commonly followa
cireumcislon operntrons oven in children and other cutting operations such
as herniotomy in the genital area

Soctal sex, age and race distribution —\Moro cnses are reported in men
than m women but, aa 1n the cnse of lymphopatlia venercum, thiw may be
that the carly #ores are often inapparent mn the womnn who may
fore transmif 1t to a number of men Clnldren are frequently infected
non venereally

The mfection appears to bo far more common in the coloured than in
the white racea and Is confined largely to lower rocinl strata, as is lympho-
pathia venereum but there are possibly moro exceptions n tho carc of
this di ca ¢ which sugpests that there | 2ome common alternative mode
of tranemiesion of Infection

ZETIOLOGY

The Donovan body 1s constantly present in the tissues in the carher
lesions. It 1s & ehort (1 bv 2 microns) eapsulated bacillus-like body
with rounded end  but diplococeal forms aro also scen it is found 1n large
epithelinl cells 1t was nt an carlier dato given tho namo Calymmato
bacillus granulomatis but 18 now usually classified as Klebmella tnguinale
(Bergey 1039) however in view of its marked host speeifimty (so far man
only has been infected), its ability to reproduco only in living tissues
namely in large mononuclenr cells and 1ts suggestivo simining reactions
many workere still belicve that it 18 & protozoon or at any rate that 1t 19
not & Klebsielln It has also been suggested that the bod‘;ea may be cell
inclusons and evidence of a virus that 18 the true causal orgamam.

It is gram negative but stamns well with Romanowsky s stains and for
this rearon is often given 1n textbooks as likely to be confused with the
round stage of lelshmanin and with Hustoplasma capsulatum In the
former case, therc is very lLttle simlanty but the confusion might well
take place m the studentr mind on account of the mmilanty in the
pames the Donovan body and the Leishman Donovan body

Cultivation of the organism has been clamed by several workers but
18 not generally accepted and this 1s certainly not a practieal measure for
diagnoais No lower amimal 18 susceptible

Experimental transmiseon to man, by rubbing the exudate from a
torc on to the scarificd skin has been effected

PATHOLOGY

The causal orgamem appears to bo able to enter through the intact
or at any rate very elightly abraded skin or mucous membrane. The
first lemon to appear is a shallow uleer that rapidly heals and it seems
pesaible that this uleer which is not constant 18 eaused ansociated
organtems. The typieal eellular reaction is 1n the cormum whero there 1s
first & round-eelled mfiltration followed by a typieal granuloma forma
tion with the formation of now eapillary loopa epithelial eells and
fibroblasts there 1 thinning and later loxs of the aquamous layer in the
central portion of the lemon but around the ca eome epithelial pro-
liferation and downgrowth of the mter pap process  sometimes
suggesting squamous-celled carcinome  and at tho base of the uleer true
granulomsa formation with no cndarteritis httle tendena_) to neerosls, and
5o gant-cell formation. However m the dense fibrous tissue that is found
m(chmni;olaziom thero may be pin pomt abscess formation as occurs in
ac! Lﬂﬁm’y

The uleer ppreads by direct extenmon by nuto-moculation of apposed
surfaces or indireetly by finger tranefer of infection to more distant parts
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Geograplal distribution —The infestion is widespread m the tropies.
It occurs In Brasil and other tropical countries In South and Central
America in the West Indies, and in the southern states of the United Btates
m tropreal and northern Afripa, in southern China, in India where 1t 1
confined mamly to the south-cast coastal ares, re Madras, with a few
cases but hone on the west coast in northern Australla
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infectious In 1ts carly stages. In cndemic countrien 1t commonly follows
circumcinon operations even in children and other eutting operations, such
as herniotomy in the genital area

Socal sex age and race distribotion —3ore cases are reported in men
than in women but, as 1n the enso of Iymphopatina venereum this may be
that tho early sores are often mapparent in the woman who may there-
fore transmit 1t to o number of men  Cluldren aro frequently infeeted
non vencreally

The mfection appears to be far more commaon in the coloured than m
the white races nnd 18 confined largely to lower gocinl strata, as 1s lympho
pathia venercum but there are pessibly more exceptions in tho caec of
this dircare which sugrest that there | zome common alternative mode
of tranemiesion of infection

ZTIOLOGY

The Donovan bodv 1s constantly prezent in the tiesues 1m the carlier
lestons. It is & short (1 by 2 microns) ecapsulated bacillus hike hody
with rounded end  but diplococenl forms are also reen 1t is found in large
epithelial cell It was at an earlicr dato given the name Calymmato-
bacillus granulomatis but is now usually claemficd as RAlebmella ing i!
(Bergey, 1939)  however 1 view of its marked host spocificity (so far man
only has been infected) its ability to reproduce only in i,m.ng tirsucs
namely mn Iarge monouuclear cells and its suggestive etaining reactions
many workere still believe that it 18 o protoroon or at any rate that it s
not a Klchslella It has also been suggested that the 1cs may be cell
inelu 1ons and evidence of n virus that 1s the true causal organsm.

It 12 gram-negative but stains well with Romanoweky s stains and for
this reason s often given in textbooks as likely to be confused with the
round etage of leithmama and with Hutoplasma capsulatum In the
former case, thero is very little mmulanty but the confusion might well
take place in the studentx mind on aerount of the smilanty in the
names the Donovean body and the Leishman Donovan body

Cultivation of the organism has been elaimed by several workers but
is not genernlly accepted and this 18 certamly not o practical measure for

mnosis  No lower amimal 13 suseeptible

Expenmental transmusmon to man by rubbmng the ecxudate from a
wore on to the eeanficd shin has been effected

PATHOLOGY

The causal organsm appears to bo able to enter through the intact
or at any rate very sl]ghdl abraded skin or mucous membrane The
first lesion to appear 1s a shallow ulcer that rapidly heals and it seems
porsible that thin ulcer which 18 not constont 1s caused by associated
organisms  The typieal collular reaction 13 in the corium w) there 13
first & round-celléd infiltration followed by a typleal granuloma_forma
tion with the formation of new eapillary loops epithelial cells and
fibroblasts there is tlinmng and later loss of the equamous layer n the
central portion of the lesion, but around the cd“qm some epithehal pro-
Iiferatlon and downgrowth of the inter papl process sometimes
suggesting equamous-cclled carcinoma  and at the bate of the uleer true
granuloma formation with no endarteritia little tendenov to necrosl. and
0 formation Howover 1n the denze fibrous tiesuo that is found
in ¢ c leslons thero may be pin point abecets formation as occurs in
ac

The uleer spreads by durect extenmon by auto-inoculation of appo ed
wurfaces or indirectly by finger transfer of infection to more dustant parts

o
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570 UELMINTIIG INFLCTIONB

Pathology —The nabihty o
complets & eyelo of developmymt z‘.laol;tnh;rggﬂ ll]u:lmmthlc parasiter {o
an helmintlne mfochion s ot Susoeptible to mumeriel merme o (hat
ndividual host and that the weight, of the micctn, eag rreriiD (e
extent of tho pathogeness will usually bo depcndel:‘: th escfore the
ﬁammtca that enter the host rather than on the t o ronimamber of
ost whioh s0 often arc the determining facto: e actions of the
di Thbymm metaxos] paraertcs g s 1n the produetion of
o pathological responses of the h
ngmpgmc rather than sty toxlo n oy elmmthio infections ere
matelogy —| ¢ mafority of hel
présence Oxin ggll_{mf fetw pa:jmtes “jiu 20{: cauicﬁt%%?omﬁ??;nzmtg?
ce to produce clinten! evidence of mifect t
10 circumstances of low endemiaity the vast majonty of Onclwmth
mfestions will be symptomless It 13 only w) cﬁwny e hie
exceptionally bLeavy, or when the mdiridytvml hls thl? lﬁlgf : mmﬂmaan od
nvamons that these mfections reach the clinmeal e 3d nnt&) t eted
lesa frequently that the disenses caused by helminths reach lnnwncﬁ;
stage  Another result of thia r host isme responss 13 reen m th
Icrngl;im-at.mn of I’[I]‘hm helmmthie nfeotions, i
revention — The complex hio cycles of most helmint
dwplay several Achilles heels but 1n practice 1t 1s found thl}?t;ggapr?u?({
are not usually as vulnerable as one would ot first suppoee, because of
ngramned custom of the affested population groups To take some exsmples
from the infections mentioned above hockwarm mfection could be obviated
by pro sanitary disposal of feces or by the use of sotund footwear
eclonorchiems and temams by the avoidance of undercoob®d fish and meat
dracontiams by keoping wells covered or by drinkang only filtered or boiled
water filarfass by avoiding mo<quito bites and go on gut in each care 1t
will be many decades and in some cases probably centuries before it will
be posmble to umpress on the ﬁ)}mﬂaﬁon groups moat affected the necessity
for alt, therr habits to fulfil these apparently ammple requiremente
Thia estabhahes education and propagands at the top of tho list of pre-
ventive procedures ngninst helminthic nfections perhaps mors firmly than
m the case of mnfechon by paramtes of other phyla
Treatment—In the treatment of bacterial and other infections we
usually have to rely Ju.rﬁly on the host-tresue remction and are often
oontent to stimulate ot bolster up these rather than to attempt direct astion
agamst the parasite but m b thio 1nfections the relative poverty of
the host tissus response complicates the treatment of these Infections and
males 1t nec to uso drugs that act direotly on the paramte and kill
or nareotize it. the case of the intestinal helmunths this pressnts po
great dificulty with the blood paramtes it is more diffieult, though some
progress has been achieved but with the Iymph and tlssuo paramtes it
presents & problem that has 1 no case yet been satisfactorily solved.

CLASSIFICATION
Some form of olasmfication of helmmthie diseascs is demrable st
least as & coneession to the scentists’ natural demre for order if not s an
ad to memory for the student. Clasmfication mught be along several

lines some of these will be eonmdered —
T Clasnfication according to the tazonomio relation of the cowsal

parasites
Theas are shown 1n the table given on pp 5680 From all the medical
a of the subjoct, there are obvious limitatiosa fn the value of euch

a classification for example, the elass Nematoda contamns such divergent
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pecier 88 Enterobrus termnculane and W ucherena baneroft: the super
'amily Trichmelloiden eontaina Tnchocephalus trchurus and Trishunella
sprrals and the family Tenude containg Tanta saginata and Bchinococcus
cranulosum It 18 felt howover that thw table which gives an outhne of
the taxonomy of the majonty of the human helminths (rome of which
are not deemed of sufficient Importance to need further consideration m
this book) may be of value for reference when the names of classes sub-
clastes orders, sub-orders and super familics are mentioned by other
writers It will also save the necessity for any further reference here to
the subject of taxonomv

I Clasnfication according to the medium of transmusnon and mode
of enlryut:{. the causal parante

In clammfication, fivo groups cap be conmdered —

(i) Oral infection w‘l.h helminth egga directly Uy eontaminated fingers
or other objects or indirectly through contnminated food This would
include contammated water supplics but water is not a8 eommon source
of infection s holmmth egge are large objects and tend to mnk rapidly
w0 that eny primitive form of sedimentation or filtration will remove tglan
) (r) Ornl infection through rdw food substances that eontain encysted
arva
(tu'; Orel infection with water contamning infected crustacem
(1v) Cutaneous infection by active entry of the pre adult forms
(larvm or cercarm) from water In several instances the entr}y; may also
occur through the mucous membranes of the buceal eavity or pharynx but
m no ease is this the important route of infestion

pcn:(l:) Cutancou infection by entry of larval form convoyed by arth
ro]

The arrangement of the important helminths according to this clasm
fication 18 shown m the table below —

TasLE B
Showmg helmunthic parasites arranged according to thew portal of entry
and the medwum of transmussion

tortal of Medm of 3
calry tramamunon pecise
- lr— k halus tnchurss  E b o
Ascaris umbricosdes Trichost:
mm:ﬁdm ‘ (Erophagottomum apio- fialil
food, slomum
Hymenoleps nana Hymaenolops diminuta
Echwnococcus gramwlosum ™
Tnchinella sprolis Guathostoma sposgenum
Bpecu! food Fosciola hepatica F oy ¢
Ol mhﬂ.e.n:u f!chxnodoma P {Izlurgyhy(u A!:{ltrvpiwn
inows
encysted Clonorehtt snens Paragomonus westerman
arve Tama solrum Tansa wm‘;'ua '
Diphyllobothnum [t m Gastrodwcoides homaw
Water
uhmhfm.d{‘bmmeﬂu medmenss
Aetl loud. I Ancyl duodenal.
i "h’;:’m{l,{-qlmtm branliense Necator amsmicanus
cercanse
c il oF water !Schttual“ Japomecum ok
™ cherena baneroft I rena malayy
Invasion by [V Ycouthochel  oma Loa Ioa )
v con ayed| persians
by arthropods | ‘Gnchpcarca voliwiws Ha::ou la orzards
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III  Clasnfication according to the paraniologreal findings ~Tlus is

shown in tebular form helow

Tamee C

Bhotng helmwth tnfechions amranged accordmg to the chmeal parastc

findings A dagnostic clunfication
Stegs Afatensal Bpecies
{y In leees tnchi Asoars
l(c) gumhnt. w ryins ol ’1: b brasih
large ecator amencemn richontr tia
numbers. Famolop:u buah Haddakiia
(b) Pemodicar | Schut { Bck
neanty Gartrodocoldu hompu | Faxasla hepaticn
)i ez et 1 ) Echinpstoma spp
i felmews yokogowar
gwphyﬂobo:krﬁm Lot
um
Py Hymanolspu Hymenolepns drminuta
{¢) Rare (&:hm;um hama- {Enterobis permtrculana)
Puragomana wstisrman)
}Tm solium) (Tanis sogmnaie)
{1} In w pen Enterobrur vermeculens
anal swab
() Intheunne |(Schwiosowa Aamatabuem
() In the Paragoninm westermany
apaoiam
) In frces 1 #ercaral (Necalor amerwcgmmet)
¢ achnelis rpwata) | (Anploscoms duodencie
(1) In blood Wuckerena boncrofts g maleys
Acanthockeilonoma { Loa loa
Aansonells ogsarde |
Larvm (m) In discharge h i !
from alcers (
(¢v) 1o subouta  |OncAocerva volvudur
Deous tuwaes | Trchinela apenzhe ‘
or mucle
(1) In esats Bchinococcus granulsns ,
) In frces Taxsg tolym Tamia sagosala
" (Diphpllobothnun %
Adnh lotwm)
woripe of
proglattids. () In subcate- mtfm Immgenvm 1
neona ek | (R eeren colundun)

e

e
Note~The bracketa indioate
shat W mory importent from » pra

N,
that the specres also sppesrs under anotber headm
rﬂal.dlunadlc point of view
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Other ¢lasmfications that might be ndopted would be —

IV Accordmg to the nature of the intermediate host or hosts of the
defintive hoats other than man and/or of the halbitat of the fres-luing

hase
® V  decordmg to whether they are wnfections of warm or of tem
perate countrics or are cosmopolitan an thewr dutribution.

VI According to the mam ates of the pathological processes
that they engender

There 15 httle to be gamed by regrouping the worma aceording to these
lnst three classifications but i the second galf of table A these data are
tabulated.

None of the above claesifications would appear to be entirely satis
factary for the pu of this bool, but the following modification of
VI the patholo :a?ﬁcunﬂcahon secnis to allow n conxecutive proeen-
tation of the ;uﬁmt ond bas thereforo been ndopted here

CLASSIFICATION ADOPTED

A Intestinal parantes —These can be divided into several groups —

(i) Nematode worms whese portal of entry s the mouth whoas
mfective stago 15 the cgg whose cycle 18 a relatively mmple one and does
not include an intermedinte host and whose distnbution w coamo-
politan. In this group are included Tricheccphalus trichiurus Enterobus
vermicularu and Ascars lumbricoides and they are described under the
genernl headmg Cc politan testinal tode 1nfections

(‘i{nNemntoda worms whose usunl portal of entry is through the skin,
whose infective stage w the filanform larva, whose hife cycle though it
does not lnclude an mtermedinte host, Tequires special exogencus condi
tions and whese distnbution 18 mainly tropieal. In gro are
included Ancylostome duodenal Ancylost brasil ecator
amencanut Strongylowdes stercoraliy and Trichostrongylus spp th
Lhu\mu:lportnl of entry of the last named is not known it 1s & y
capable of entering through the elun or the mouth They are ﬂe&cnbed
under the heading Tropieal mtestinal nematode nfections

(wi) The tapeworms Diphyllebothrium latum Tama solwm Tama
sagtnata Hymenolepus nana and Hymenolepu dimnute which are not &
very homogenecus group in their life oycles though their portal of entry
18 in each ce the mouth and except in the case of H nana they
enter in the larval stages they are cosmopolitan in their distribution
They are described under the heading Tapeworm mfections

(1v) Tnchmalla sprrals which must be conmdered here because the
adul rtage 1 in the wtestinal mucoan and produces mtestinal symptoms
though the larval stage.canses more serious symptoms in the same individual
host Infection is by mgestion of the cnoysted larval stage in meat it
”I‘:l’zhiinfmecl:jm of temperate zones. Tlis 18 described under the heading

0

(1) The intestinal trematodes of which only one Fasctolopsts bush, is
described here These worms hove o complex life eyele they u.ruaﬁly
?g;e: therr detm%nw }lmch ilx)a tiu:unlla;venl stage and are tropleal in

distribution ‘ascrolopns busks w described more 2, tely
with the other flukes ) o ppropmate

Parantes of lymphatics subcntaneous tussues and serons avitien.—
These can be divided into three groups —

® The ﬁlzu-midani Wucherena banerofts Wucherera malay, Oncho-
ecrea 1 Acanthocheil perstans  Loa loa and Aamaonells
ouardt all of which gain entry in their larval stago by the agency of an
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insect that acts a3 an mtermediate host. They are dererthed under the
Filarasis

hmdmg !
(#) The gumes worm Dracuscubus madmenns which guns ea
mouth m a crustacean that acts ag an mtermediate hoat. v by

{13} Gnathostoma spimgerium which s tly has & complete hie
cyole, meludmg two intermediate hosts and pains entry bv the mouth
1n the encysied larval stage m fiak

All thees 1nfections have a tropical dwtributron,

C. Blood flukes —The schistosomen Schutosoma hematobum Schus
tosoma and Sehust 27 m are the only threo warms m
t.ln; ggp ﬁmk?fmf;hxﬁluggnmur&eduw lml_olt:i species of snail
an en 4 m therr cerce: stage. They are
described m under the heading ! Behistosomuams !

D Liver and long flukes —Only two of these, Clonorchu sinenns
snd Pgragomsmus westsrmam arc considered to be of sufficiant imporfance
to be deseribed here. They gain entry in the eno; stage in food, and
sre tropieal in their distribution,  (The miestmal Pasciolopsus butks
1# alao deacribed herc and the chapter 15 given the general headmg Other
fluhe Infestions )

E. Womms that produce thear main lenons in therr lacval stage —
Thets are Echwmococcue gramdesum whoss larval siage only vocurs m
roan and Trichmella spirals and Temic sohum whose adult stages slso
ocour 1 the mtestmes mn man. In all three infection s by the mouth in
the case of Bekinoeoocus granmulosum and Tema sobwum (for tho larval
nfections) 1n the stage and m Trchmnalla sprals and Tama solium
(for the adult mf;;ﬁuu) m the encysted larval (In the two latier
cases both Jarval and adult stages aro desoribed 1n their sppropnate places
smongat intestmal paramtes )
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Epidemiology —This is a cosmopolitan infection Lut, because the
chmatie eonditions in troplieal counma arc more {avourable than those
in temperate and cold countries to the excgencus phase of this worm and
because on the whole the po‘pruln(fnm of the fnrmer adopt a lower standard
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of both perzonal and environmental hygiene the infection 15 a wi d

and heavy one amongst the mhabitants of most tropieal c:ou:m‘,riucmpml

18 8 good mdwsator of the degree of sanitary advancement

in any population, and in temperate countries 1t 18 confined mainly to

:nlzznc dr;;o;pulntfon groups and 1s particularly prevalent amongst poorsr
ATIOLOGY

The causal organusm —Ascans lumbricordes 18 the only speciex of
the us to infest man, Ascars sus of the pig 18 morphologically
identical but physiologically distinet, and mutunl
interchange of hosts apparently does not occur

The egg is the mfective stege. The fertilo
egg which measures 45 to 76 microna by 35 to 50
microns has a thick but trans t coarsel
mammillated albuminoid shell it is unsegmen
and it contains an almost globular ugrotoplumlc
mass of modera o8

The larve develop inside the egg and
through two stages before they emerge e € ==t~
larva that eventuslly emerges from the egg 18 ¥ 140 The egx of
02 to 0.3 millimetres In length by 0014 mm 1 om0 The ef
drameter it passes through two more developmental (fertile)
stages and inoreases to 1 to 2 mullumetres in length

The adules are large round worms the male 1a 15 to 31 mm. by 2 to
4 mm. m diametar and the female 20 to 85 mm by 3 to 6 mm but
ocoasionally longer

The Life cyde.—Maturs (embryonated) egge are ingested in the
duodenum the shells split and active embryos emerge thesc penetrate th?

rane O
LFE CYOLE OF AYCARS the Intestine and enter
— & lymphatic vessel or
{ Lussts be Bevaral Foenn) lm&“wﬁlﬂ\) vanu.le'p to reach the
—— right side of the hearl
memih— ]~ and the lunﬁ in
/ , m blood stream in the lung
foed and Fingery —cess the larvee moult twice
rmphatis durmg a sojourn of

tor

/ howd )
(AN Y several days and event
1 ' Ry ually they penetrata into
m an alveolus whence they
te up the trachea

\ osiiro and down the asophagus
ss0phage to reach the intestine

el sl tolesting once more and becomd”
\ adult. In their larval
8 — fosaes — stages they live on

blood but the adults
are almoat entirely lumen

is experimental gvidence for this (Ransom and Cram 1031) If however
Jaryw (abou dhmeter) trmvel the venules, thoy will have to pare
tho { tO.DIlmmi?; ) n::r o Lﬂu;{ddﬂ‘mrb’lbr “n};
i damage to the but t ea o ung
ﬂmbmc{t{d:w{h 19 becuums they pllmhnmmdrmderg
the latter organ or it mar be that the largs majority go by t

i
nd mum the liver
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feeders The female lays cgge at tho rate of nearly a quarter of & milion
a day thesc are out with tho stools and mature m tho sl The
adult worms may lrve for nt least 15 months

Conditions favouring transmission —A moderately high temperature
(80 C) favours the exogenous phase of the worm and though the eggs wall
survive drying and may bo blawn about 1n dust they reach matunity earlier
in & warm humid environment

The infection is acqmred from the fsces contaminated und by
means of sofled hands and other objects that children frequently place m
their mouths contaminated Yood particularly vegetables in the gmwh;ﬁ
of which human excreta have hcen ured as manure and contaminat,
water supphes

PATHOLOGY

Thie 15 not a. clear-cut & 1n many other helminthio infections

The migratmg larvze during their sojourn in the lungs damsage the
capillanies and causte & collular cly eosmophilic reaction there is
desquamation of the alveolar epithelium bleeding mto the alveoli and
often n heavy infections a pnoumonitis or a true pneumonia resulting
from recondary bacterial infection

Blood stained sputum contmining ascaria larve may be coughed up

Aberrantly ting larve may produce thrombotio lesions in various
organa including the brain and the cord but sush instances are rare

The adults in the mtestinal eanal do not causo any Eou pathologieal
lemon as a rule but when the infection is very heavy they may wander
mto other organe eg the gall bladder liver bronchus or even eustachian
tube and produce conmderable local disturbances or in the mtestine itself
they may become impacted caumng obstruction, direstly or as a result
of intussusception and even perforation They also produce a toxin
apparently an albummose mtgcnuumtunc anaphylactio anta peptic and
other properties especially after they are dead that causes & local reaction
in the bowel and 1s absorbed producing a toxemia that may be fatal
in 1 nourished ehldren

The writer has removed half a bucketful of worms from the ntestinal
iract of & patient who died of intestinal obstruction they were aggregated
in golid knots in differcnt parts of the intestinal tract. There were certamly
a thousand round worms but the record 15 apparently held by Ryrie who
counted 1 488 from one patient

Blood picture —There 15 usually an cosimophilia often up to 1
(or 20 per cent) per onm but the degree of ecsinophilia 1s no indieation
of the weight of the infeetion

SYMPTOMATOLOGY

The symptoms produced are very vanable mn d and very protean
n character In the majonity of lght infections there are probably no
symptoms due to the mscaris but some cbservers believe that in children
e~en these light infections frequently cause intsllectun] retardation stunted
growth and general sub-heal
In heavy infections during the stage of tion the larve ma;
biedly cause p 1t and | ia and more rarely the condf!
:anoﬂmt result from embollsm in the various organs and tissues referred
0 above

Durng their intestinal phase the sdults cause vague abdominal pains
indigestion nausea and ‘vomiting meloutmtion pallor (not necessanly
associnted with anemin) and heavy nnge under the eyex restlessness and

d
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insomm and m miants, convulsions and death aa well as the sym tol

produced by the worms when they wander into other organs e, uym%m?
tion when they obstroot the bronchi and peritomitis when iuy cawe
mtussusteption” appendieitis or perforation

Children are very Likely to pass live worms in their stooln, or thess
may escape per anum between stools or be yomited, or escape through the
nares the meident causes considerable alarm to the patient or the parent,
but 15 not in itself of any special sigmficance  beyond indicating the
presence of the worms and the probability that there are more,

Daagnosis —The diagnoms does not ordinarily present ahy diffisul
as the female passes large numbars of regularly throughout her hie
and these can be readily recognised thoﬁﬂ may be necesaary to employ
a concentration method Asears eggs are noi well demonstrated by
flotation methods. It is said that a certam percentage of persons lem than
4 per cent, will harbour male worms only 1n such casea there will be no
ova and a disgnoss will be best made by the therapeutic test.

The characteristic ascaria egﬁ]hu beon desoribed above, but oocasionally
unfertibised eggs will be found these are longer and shightly narrower than
the fertilised eggs they may or may not have the characteristio albuminold
nlfwl] and ‘tihey contain a disorgenized mass of highly refractile particles
of varous sizes

PREVENTION

All round sam tmprovement will be necessary to prevent or reduce
this infection It will hawever be advisable to find out which are the most
highly infeoted groupe in an?opulntmn and then what 1 the main source
of mfection so that speoial messures may be adopted. It is often 8
homestead problem i which the infeotion 18 maintained by promiscuous
defeecation of children, and until this has been corrected, the infestion wall
be cortain to reour Education especially In sahools il be an mportant
means of achieving this

Mass treatment m which 1t will be most easential that all children are
inoluded, wll effect some improvement by reducing the source of infection
but unless combined with other sanitary measures 1t will not produce any
permanent reduction in infeotion in the population

TREATMENT

Santomn which twas at one tme looked upon ge n speoific baa hitle
to recommend 1t, and has now been replaced by other safer and maore
efficient drugs.

Oil of chenopodium (B P ) 1s very effectlve but 1 best given with
tetrashlorethylene, 1 ¢om of the former with 3 oom of the latter for an
adolt and for children 0.25 ¢ em of this maxture for ever{v year of apparent
age. Ths should be given shaken up wth an ounce o saturated sodium

hate solution

mIme' the safety of the patent 1t 1 essentul to reduce the dose of ol
of chenopodium as indicated above in the case of children but mnce the
worma are the same mze whatsver the size of the host, the smaller dosea
may prove madequsty (Maplestone and Mukerjt 1938) For thrs reason
the less tome hexylresorcmol may be gubstituted in the case of young
children

Hexylresorcinol 18 at present avaiable auly m the form of the proprie~
tary c:xpymkol crystalloids (8harp and Dohme) ¢ontaining 01 grnn}r[no
or 0.2 gramme each This is givea on an em ty stomach (5 hours after
food) m deses of 1 gramme (5 ) 0.2 gramme) for adults and older children
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0.8 gramme for children between 6 and 11 years and 0 6 grammae for children
from 1 to 5 years of & This doze is followed i two hours by an ounce
of *nturated sodivm sulphate solubion for an adult and less for children

In tho case of either d if a good reaction is not secured within a
few hours the tive ehould be repeated as the early removal of both
the drug and Q_ngsnwd worms 18 very desirable there is evidencs that a
toxin mav be absorbed from the dimntegrating ascaris

The full dose of the former medicine will usually cure 90 per cent of
adults but with the smaller dosage in children the cure rate is not so high
For the latter drug an nall round 80 per cent cnre rate i olaimed

THREADWORM INFECTION or OXYURIASIS

Epidemiofogy —This infection is world wide (s ﬂnotﬁrobnb(y both
the commanest and the most harmless of intestinal helminthic infections
1t has been shown to bo present in 35 per cent of a general population
gmn Was ¢n (DC UBA) and in nearly 70 cent in certain
chil s institations  VWriters usually assume that it be more common
in the tropies on aceount of the lower sanitary standards in theso countries
but this is by no means a foregone conclumon as the habits and gmm{
mode of hfe of many inhabitants of the tropics are
such that they would be less lkely to {oster this
infection than are those of the natives of mare
advanced western countries  However few reliable
figures are available.

Ax well as being an institutional disease 1t 18
s famly disease. The lughest infection rate will
slways be found in the children.

fEuology —The casual parasits, BEnterobius
vermiculons (previcusly placed in the genus
Oryuru hence the name oxyuriass”) hnvtr{ Figure 142 The egx
small thread like nematode worm the male, whicl of 3"“’;;_?:" vorm
15 seldom eeen, 13 2 to 5 milhimetres long by 01 to o
02 mm. tn diameter and the female which has & fine pomnted ta1l 18 8 to
12 mm. lang by 0.3 to 0.5 mm. in diameter The egga are 50 to 60 microns
long and 20 to 30 in diameter they arc ovoid 1n shape with one side shghtls
fiattened they have a moderately thick transparent shell and when seen
they usoally contein & fully-developed embrvo

| s e

e Therr life cycle 1 a

UPE LYOLE OF EATEROMUS simpls one The eggs
PROGENON PRL o are gwallowed larve
(Lo W 9 Oenys) u-.ﬂmn':nn hatoh out mn the duo-
~ - denum nnduf)am down

Fingers — waurn — EBY the intestinal canml to
\ the emeurn  moulting

soull twice en route here thev

P ”"“'“{’" develop inty n?u]u they
attach themselves to the

B e (2R mucosa of the cecum
toyr | and large intestine but

et anal el to mtgodt ged females
vekn ugrad cutside the
\m_“‘f"——/ wntestinal eanal.  The

epge remaln attached to
{ the skin in the grooves
Figurs 13 around the anus to the
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host's clathes or to the bedelothes or they fall to tho ground whers, when
dr{éthey become part of the dust of the room and in an hxfacl:;'hmm
ho unbcreoowredinhrifnumbmﬁomthedmlymgm(mm
or even slong the tops °f,ﬁ,m on the wall The host mav remfect
himself by ecratehing the around the anus or the eggs mny regain
entry mto the same host or mto ather members of the family m innumerable
waye and the cyole mll commence agam.
The cyole takes about two months to complete
Pathology and symptomatology —It w quite obvicus that in the
large majonty of infected persons thers 1s no pathogenems  Thers 13 no
very convinoing evidence that the worm produces sny lesions in the
intestinal tract, catarthal inflammation, mucoen] erosions and sllergie
manifestations in eenmtive persons are referred to  Acute and subaoute
ﬂeudmh.sm times tloned in the aymptomatology but the fast
t the worms are found In 5 cent of vermiform appendices {of
which only a third showed scuts inflammetion) which ere removed from
members of a population with possibly a 85 per cent Entsrobius infeotion
Tate s not very convincing evidence of the pathogenieity of this worm, or
oven of its predilection for this site -
The female worm however causes anel pruntus whioh leads to scrateh
mg, and trauma, with the attendant dangers of secondary mfestion This
m%i lead to dusturbed sleep and untabibty and may thus indwrectly affect
the health of a child
There 13 little evidence that in heavy infections in il nourshed
thildren soms mvamon of the mucosa may take place, with resultsnt
diartheal and other disturbances but with possible exception it seems
very doubiful if any of the varied symptomatology that 1= popularly attrd
buteq to this worm 18 really caused by it
Diagnosis —Eggs mill not be found in the stools of more than aboat
5 per cent of infectsd porsons mo that stool examination is uselens To
find the it is necessary to take a swab from around the external anal
onfice e best method of downg thia 1 with the NTH (National Institute
of Heslth) swab _—
Techniqae.—The NIH wwab la smentially s glss rod rounded «t the ¥
. of thin esllopbans sbout ona ineh aquare the
'cailﬂl;gh:'na ?’pm gyphm » small rubber band. A useful altarpative 1\:&:

gummed tane sinp For convenlence of sterlition and
mb-nﬁﬁ?mltm-{ubomththsuﬁaanﬂcf(h‘ﬂmrodm-;’mh
the cork with which the test-tube 13 closed muo!}aphnnembbmr::

the ansl onfice and the wwab ia replaced in the test-tube fo be ta
Iabaratory  Hare the smab 13 removed and the ond laced and beld oo a lage
shidp 0o w!

a%
§
]
3
:
[
H
g
iF

seives and the other
environment  Prevention
treatment of every ber of &
plete cleanmg of the

persona mess  Such
! l:;ll?drﬁm seratching their anal omifices and transferning the infection

S ve ronfection but if the
mmedia t mouths il hmit massive

::hild ] ta?I zgre&:‘dr remfection will be certam to take plare whatever
precautions are taken and the problem will not be solved
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Treatment —The most satisfactory results are obtained with gentian
violet the dosago is tho same as that for strongyloidiasis (see p 607)
but 1t 18 usual to divide the coures into two 8-day periods leaving an interval
of one week between courres (Wrnpght and Brady 1938)

Hexylrerareinol 1a alen very effective especlally if tho oral
admmistration (for dosage see amcamriasin) 1 combined
w1th an encma of & 1 1n 1000 dilution of the same drug
After the moming doae of hexylresorcinol an alkalino
enema ix given and the bawel ovacuated This Is followed
mmmediately by a high cnema of one pint of 1 in 1,000
hexy Iresoreinol thus should be retained an long as posn{ble
If the pain and/or tencemus ore severe even after evacua
tion, a warm water bowel wash should be mven

If the above drugs are not avallable tetrachlor
cthvlene a given in hookworm infection (see p 602) will
be found relatively satisfactory

Whatever drug 1 ueed n order to test cure pen
anal swabe ehould be taken It is un afe to assume that
the patient 15 eured until seven such wwabs (preferably
NTH) bave been negative

WHIPWORM or TRICHURIS INFECTION

Epidzmloloqy ~—This infechon again 18 world wide
but it is probably more common n the tropics eapecially
the humid tropics It 1 epidemiologically cloaely astoc:
ated with asears 1nfection but 1 not eo widespread and
19 lere prevalent in dry area It i more common amongst
children than adults

Zuology —The ¢nusal paraste Trichurs trichiura  Fygure 144
(or Trichocephalus trnchwrus) measures from 3 to 5§ Tﬂ NIH
centimetres the male bemg elightly amaller then the smb (Hall
female Tt 15 a whiti h grey worm with a flamentoun 17
anterior three-fifths and o stouter posterior two-fifths thie gives it its very
appropriate name The measures about 52 by 22 microns 1t has
double shell the outer one of which 1» bile-stained it 1y lemon-shaped nnd
at each pole there is 0 hole through the ahell that is filled with a non ataining
rubstanee which like the bung in a barrel projects slightly to make button
hke %;]ummeum at each end

e life cycle 1s & followe —

Fully embryonsted eggs are gested by man who 1s the only host
and the shell 10 dissolved off in the small intestine  The larvn that emerge
attach themeelves tem
porarily to the lotal

utt CVLE O TRICHUTYS

Pt B aan mucosa to obtan
_— wourlshment  but soon
_—_ pass on to the emcurn or

the adjoining ileum or
colen whers they
become  mdults The
adults attach thenuelves
to the mucou mem
lbmga by;isthelr]dehcate
read ends and some-
Bl ———— I —— times actually bury these

i for some nee  Just
Figure 145 unler the surface n a

=
“E-
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boat s clothes or to the bedclothes or they fall to the ground where
they become part of the dust of the room and i an nfected h:i:
hudwnberecovaredmlnrgenumbemfmmthedustlymgonfm:hm
or even along the tops of piotures on the wall. The host may remnfect
himself by seratohing the around the anus or the eggs may regain
entry mto the same host or mnto other members of the family 1n innumerable
ways and the cyele will commence agrn
The cyule takes about two months to complets
Pathology and symptomatology —1It 18 quite obvious that in the
Isrge majonty of infected persons there 1s no pathogeness. Thers 15 po
very convinomg evidence that the worm produces any lesions in the
mtestmal iract, caterrhal mfammation, mucosal erosons and allergie
manifestations m senmtive persons are referred to Acute and subacute
appendicitis are sometimes mentloned in the ptomatology but the fact

t the worms are found 1 6 per cent of vermiform appendices (of
which only a third showed acute inflammation) which are removed from
members of a population with possibly a 35 per cent Enterobwus infection
rate is not very convineing evidence of the pathogemeity of this worm ar
even of its plﬁlection for this site

The female worm however causes anal pruritus which leads to scrateh

m%l and traume, with the attendant dangers of secondary infection This
will Jead to disturbed sleep and Irmitability and may thus idirectly affeet
the health of a child

There is little evidence that in heavy infections in 1l nourished

children some mvasion of the mucoss may take place with resultant
diarrheeal and other disturbances but with thia powgle exception 1t seems
sery doubtful if any of the varied symptomatology that 13 popularly attn
buted to this worm is really caused by it.

Dragnosi.—Eggs will not be found 1n the stools of more than about

5 per cent of infected persons so that stool examination 1s useleas To
find the eggs it is necessary to take a awab from around the external anal
orifice e best mathod of dolng thin is with the NIH (Natlonal Institute
of Hezlth) swab -

Technlg ¢ —The NIH awab s essentinlly & glass rod rounded at tho ehd,
which fs upg&d by & piste of thin about one inch equare this
cellophans is held in place by & emall rubber band. A useful alternative b %
gummed cellopbane strip For convenlenca of sterilzation and trapeporh thiy
mbhphwdmntmtuboﬂﬂlthaﬁuqe{:ioftbe;}m

rod
el hmcmbhrriwdnmﬁ
tha amal oriflee mdtbernbhmphcedh:h:hatat—tubombumen

T " Sovbeion Lo tog colopiane. 44
then removed & of sline fs drop) on ce

unppbeg. Under the Jow power the slide is exammed and erge wiil bo seem
Iytag between the slide and the cellophane and adhermg to the latter

Prevention —The main source of infestion lies 1n the patients them
selves and the other bers of the household and fn thew Imunediate
environment  Provention therefore consiats in stmultancous and thorough
treatment of every member of a lousehold combined with a v r:?mf
plete oleanmg of the house and the msintenance of & high stan th:t
personal cleanlmess Buch measures as providing might clothes !

vent children seratching their anal onfices and transferrmg the infec whn
Immedmtely to ther mouths will limt massive reinfection but if the
¢child s still wnfected reinfection will be certan to take place whatever

precautions are taken and the problem will not be solved

eamd. The rod
ph-rodb‘f i;:e-m of a parr of fox;-ira until the cello lnn;ul: el i
a
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‘Treatment —The most satisfactory results are obtained with gentian
violet tho dosago is tho same as that for strongylowdiasis (ses p  607)
but it 18 urual to divide the course into two 8iay pertods leaving an nterval
of one week between courres (Wright and Brady 1938)
Hexylresoremol ir alro very effective especially if the oral
administration (for dosage see ascamiasis) 13 combined
with an enema of a 1 in 1000 dilution of the eame drug
After the morming dose of hexylresorcinol an alkaline
encron §. mven and the bowel evacunted  This s {ollowed
mmmediately by a high cnema of one pint of 1 in 1(000
hexvlr@on:‘\'ml this should be retained as long as possible
1f the pain and/or tencemus arg severe even after evacun
tion o warm water bowel wash should be given

If the above drugs aro not avallable tetrachlor
wvthylene n given 1 hoohworm infection (zee p 602) will
be found relatively eatisfactory

Yhatever drug is used in order to test eure pem
anal swabe ehould be taken It Is un*afo to mseume that
the patient is cured until scven wuch swabs (preferably
NIH) have been negative

WHIPWORM or TRICHURIS INFECTION

Epidemiology —This 1infection agam 18 world wide
but it is probably more common in the tropics eapecially
tho humid tropies It 13 epidemiologically closely amsoer
ated with axcarls infection but is not so widespread end
18 lesw prevalent 1n dry aren It 1 more common amongst
children than adults

(=]

Auology —The causal parasmte Trichuns trichmra 144
{or Trichocephalus trickturus) measures from 3 to 6 T{:NNIH
centmmetres  the male bemg slightly smaller than the "“}hnT(,H‘”

female Tt 13 a whiti h grey worm with a Alamentous
anterfor three-fifths and a stouter posterior two-fifthe this mives 1t 1ts very
appropriate name The eg§ mesnsures about 52 by 22 miorons 1t has a
double shell the outer one of which is bile-stained it 15 lemon shaped and
at each pole there 18 a hole through the shell that is filled with a non-staining
substance which like the bung 1n n barrel projects shghtly to make button
hke prominences at each end
e life cyce is ns followr —

Fully embryonated eggs are ingested by man who 1s the only host
and the shell 15 dissolved off 1n the rmall mtestme  The larve that emerge
attach themeelien tem
poranly to the local

e ya —tae mucona to ohtain

— e —~———{ nour but eoon
T —utpabs |, ey, pass on to the emcum or
= e b E.%Z the adjommg ileurn or
[ colon where they

oTE become  adults The

b | adults attach themselves

to the mucou mem
brane by their delicate
- head ends and some

T e R times actually bury these

Y for some dustanee just

Figurs 145 under the surface n a
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way that prévents easy mechanioal removal Here the females
immature eggn which pass out with the stools on to nﬁubmﬁ %'i‘lr
The developmental phase from egg to adult ocoupies about three months
After about two weeks under optimal conditions they becoms maturc
They are now ready for ingestion but will survive 1n & suitable medhum
for about & year and when they are ingested the cyols starts again

Pathology and symptomatology —These worms appear to produce
distinotly more in the mtestines than do threadworms, and ft
1 abso eved that they suck blood. They are oceasionally assoomted
with & moderate somnophilia which suggests the abmr,:tion by the ho«t
of some all and msommia lots of appetite and ‘nervousness are
atiributed to them even when nfestions are t but
there 1 better evidence with regard to heavy infeo-
tions, and it i belloved that quite severe anmma,
dinrrhoa empaciation and & econdition somewhat
sumilar to that produced by heokworm infection may
ocour

Duagnosis presents no difficulties The eggs can
be found very easily in the fmces and are unmistak
ﬁe Eoﬁ?m met.hnd‘u1 will facllitate the search

en the infeotaon is light The number of eggs in -
:fio:itg.h Is 8 rough indication of the degres of m“:" Th) e

Prevention.—Thers are no special measures to be recommended. This
infection like that of ascars is a good indioation of personal and environ
mental hygrenio practices of & community

Treatment.—There 1 no speclfic available for general use for the
treatment of thus infection.  All the anthelminties mentioned above should
be tried. It 1 usually found that heavy infections are reduced
tetrachlorethylens and o1l of chenopodium (ses p 602) or hexylresoremo!
but that hght infections are often uminfluenced ~The results of treatment
with any of thess drugs wll be better if the bowsl 1 thoroughly washed
out first by a aalme purge and then a high alkaline enema.

There is however one substance that is apparently a deelﬂo namely
leche de higueron which i the sap of certain species of the genus Freur
Ficus glabrata and F dolana grow wn Central and South Amerlea where
thoy aro used extenstvely as sothelmintica. The latek contams a protec-
Iytlo ferment but this can only be preserved under conditions of
rofrigeration and 1t is not yet commereially available outside the countries
where 1t grows (Faust D Antom and Bawits 1843) In several countries
ey India attempts have been made to use for this p tho latex of
the local species of Ficus but so far without success The fresh latex L
given 1 a two-ounco dose on an empty stomach, preferably st night after
a thorough cleansing of the bowel by salines and enemata

The cure 1a tested by examination of the stools for ova thres to five
days after treatment. IT they are still present the treatment should be
repeated after a weok s mterval

REFERENCES

ToT d Dugnoss and T t of Inf with

F‘m&% gA(’;w) I8 ommux'gtmumm and Helmmtie
Tulans

Haw, Maourex C (1R Bt}‘xgb n Ozyvnlal J Amer AMed Auoc

artzstore. P A, and Muvxxw, The

445
M. Treatment of Ascaraes. [nduan Med Gar
A K (108 T3 X8



WHIPWORM o83
Muveox B H and CGuam E. B The Courre of Mmrmatwn of Ascans Larve
( Amer J Trop Med 1,120
Wwanr W H and Bawy F J The Treatment of Oxyunauds with 1o Improved
(eas) 'é‘y‘pe of Eloteric—eo-tcd Tablet. J  Perontol
upp 24,



ty a, Damely,
E;:fe: of @mua Frews
w 1o Centry) and Bopgp Amerjoy where

Vely ne antbelmmnea The latar Containy o Proteo-
° fermen; bug this oap only po under conditiony o
mfdgamtxon ang y¢ 1ot yag Commery; avajlah), Qutaide g COuntriep
where 1 gro (Fagy DAutom and wi'tv; 1843 In serera] COlUntriee
€9 Indig Attempy, havy bean Dads ¢, for th), pi ® the Iatey of
the loca} ¢ i but g far t sy fresh lut&;'t
&ven n a ty, Unee doaeananem ty s Toferap) t after
atbomugﬁcl ru:ebambfyiu andp ta
2 CUTO 1y to Y Cxamungsp the atooly 978 thres to fiy,
dayy after tment 17 they grg st} reatment shoulq
ted after Interpy)



WHIPWORM o83

Rawsou B H and Casm BB The Course of Migmatron of Asarm Larve
Amer J Trop Med 1,120
Wrianr W H and Bawr F J The Trestment of als with an Jmproved
(I93S) g)-po o:f"ﬁh-rlc—cmtﬂi Tablet J Parontol
upp ¢



sl U-Fua"y at
dorum o °en the toey here the akin 1,
soft  They wil Penetrate ¢ 80¥ other site v o ]
Guﬁmeutly thin Iubomrm} orkers fron i;n
fecteq through ¢} ds ay 4



ETICLOGY 589

contaminated water are lable to he infected at any point on thelr skin
rurface.

The larvm can ctrate the apparently normal alun either through
tho halr follicles or ugh microscopte faults in the cpiderras they reach
the blood vessels in the dermis, and, entering a venule they are carried
m the blood stream tna the rig{ﬂ. wide of tho heart to the Iungs In the
lungs they penctrate the wall of an alveolus and migrato v the
bronchioles and the trachen to the epiglottis, in this migration they are
aided by the oihary epithchum of the r@p‘nﬂm’y tract. At the pofnt
of cntrance into the air rac they cause a certain amount of local dnmnxe
to the alveolar mucous membrane including lnealized hemorrhages t
the cpiglotts they poss into tho esophagus and now reversing their
direction thoy pass into the stomach and eventually reach the jejunum
where they attach themselves to the mucous membrane and develop into
malo and female adult worms Not nll the larva that start from the akin
reach the jejunum tome evidently dic in the tirsucs

The adult worm 18 an nvancious and wanton blood sucher, thnt is
1t takes far moro blood than 1t needs for ite own nutrition literally pump-
mg the blood out at tho rate of 067 occm. a day it has been estimated
1 the ensre of Ancylostoma duodenale M ecator americanus takes lesa blood
02 to 0.6 cem o day

The female worm lays her eggs in the lumen of the intestinal tract
these have been vanously estimated as averaging from 10,000 to 30000 a
day The egg output of Aecator amencanus 1» much less and 1% usually
estimated at less than 10000 a day

From the time the larvee enter the body to the appearance of the first

in the stools there 1 an interval of about five weeks It has been
cstimated that 70 per cent of adults disappear from the intestine within a
vear nearly all within three years but rare mstances of persistence up to
mmne years have been report Thus although ovipostion 1s believed not
to be a continuous process 1t 1s farrly certam that a mingle female hook
worm will produce scvernl million cges during her hfetime These are
pasecd out with the {mees and the cycle ns agRin.

The viallity of the ova and larvae —1If the do not find their wi

to a ruitable medium their development will be alowed down or sto;
In undiluted feces they wall survive for a long time but development s
slowed ip a zephio tank they are destroyed 1n 40 days 1 a tropica) chimate
In the larval stage 1 the goil provided the temperuture and moisture are
rwtable they will survive up to 156 weeks They die if the temperature
falls to 60 ¥ or if the ground becomes excesmvely dry

Immaomity —The question of immunity 1n helminthic infections 13 not
yet placed on an entirely satisfootory basa but there 1a considerable
evidence mainly based on anslogy with helminthic infections in ammals
that 1mmunity plays a far from ummportant part n the pathogenesis
of helmnthic infections m man Thoro 18 eprdemiologieal evidenee that
previous cxperience of hookworm infection provides some degree of pro-
tection agminst remnfection  Further cluldren in o commumty are always
the most susceptible.

dogs the dovelopment and mamtenance of unmunity 1w dependent
to a large cxtent on their nutrition and when 1ll nourished dogs an
glven an adequate diot not only do they mmprove in health but they lnae
their hookworms and resist further infection (Otto and herr 1939)

In man the immunity appears rather to aflect the larvm during their
migration through the host s tissues—the stimulation to antibody produc
tion being poambly provided by mugrating larvm that fail to reach their
goal—than the adult worms in"the intestinal canal and there 1 evidenes
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that the development of this nmunity Js depend exten
the %pe:gnum}%%? of the human huatt). ? dependent fo some t o

e effect of diet on the development of hookworm d\ course
a We%l{establi?hﬂs!tn%t but ﬂ:{m ht?lc;t rly an ity £ ‘i_u o

15 8 W el ed fact that negroes are lesy suscaptible to
tion than white persons hiving under stmular conditions 'Igm ; pog}:{bc}c-y
due to thewr thioker skin  Convertely the thinness of the skan of children
may also determine their greater susceptimhiy

BPIDEMIOLOGY AND FACTORS IN HOOXWORM INFECTION

G The essentials for the development of hookworm tnfection 1n & popula
on are —

(a) The presence of ane or more nfectsd persans as man w the reserror
at least as fsr av Anoylosioms duodemale and Necator c:!’m& are

concerned,

(8} A suitable tetram, around s populstion unit—a homestaad & cooffe Hoe
ar a villgs w t eotl, ferabhly a wmndy loam, with deaa
mﬂbm? nb‘uﬂ or mmemotber spscan) looel conditrons, eg

ar

{¢) Promiscuous deimcation or at lenst a defective sanitary system

éd} AA “}I:hm“thd;m‘m (D;ymibﬂmfoofeduln the hot ths of the r

e, o largel e menths ol yea
at Yeout. and iy szseeptible to fnfection

For the development of hookworm diuscage one should add —

() A sub-optimal diet for the population defective cspecully in iron and
protein.

The subject may be discussed further under each of the above «x

headin

(a%uAn has been indieated above a single pair of worms will durm)
a year give rise to several million eges ch in a suitable medium
develop into 8 mmilar number of hookwarms these could theoretically
csuse & heavy mfection in a large number of persons, In nature, how
over the wastage is enormous, so that to mamntain a high infection rate
amongst the population a rich sourco of infettion i neetssary Qther
factors bemng equal the infection amongst the population will vary with
the degree of nfection of the soil, w chmtummlldependanth;
number of wfeoted persons polluting the ol and the s number @
ova 1 their stools () and (¢) Four examples under which theso two
conditions are optunal for the development of hookworm endemisity are
given.

The emall homestead of the poor whis 1m the southern states o
A-u_-(v;.::u,-—eﬂm the lsnd the b 1 wenn;tofdn.

() The wnllage m Indws eg a Benpal Bikar or Atsam ~Thew villages
m;m-ﬁmuhhndsnl sightly raised m:md.edenhtfv byndc:l;l;ldt;

Therw is usually d m the feascs
lnt.beu ﬂdd?::f?:qngri}?mvim!behf ot.tunpl:nr‘;
mthegloollﬂdnywd - d mm{ orl;rm.b’
nnhtiej]uhhenti?h‘i:h ¢ hie smm , }ﬁthum'fed
e yed some su are st Joast
.hmuh?fmurthrr‘ d;tbn.dmﬁl N of thefr o mnﬂm-:nl‘h‘
the fect of the villsgern H ﬂmteﬁedc ;m
places they are for seversl ear the bmnh‘h‘
confined to s much smaler . hcmt; W‘{e
Sdch Joes favour the lan s the by ¢
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In other circumstances, the advent of the ruins will tend to wash out the

larem from the roil and moet infections wall oetur in the dry season

(5@ Tea eatates wn India~The (cn-ﬂ.rdrn coole s often a very primitive

mdrvidual, who althoush be may havas a latrine provided near his quarters prefers
to answer natares call when and where he hears it, which often meams d

his motnings work squatting between tea bushes ho (or she) satisfies a smal
degree of modesty, nvolds the eve of th ovemcer, and places stool en the
fround oo which fater he and his companions will bave to stand while picking
the tea jeaves, In such cares (he chances of both survival and re-entry of the
hrre ars masi

Or) Where k ma cxerel arc wsed o manw ¢ —Thiv hahit Is common i China

m particnlar and {requently comparatiely (reel human exercta are uveed s
magure  The danger to the enltivator f1 obvious

Examples such as these could bo multiplied indefinitely

(d) Hookworm infection is confined to hot countries excopt where
m cooler countries the local conditions eg in & mine or tunnel smulate
those of a hot country  In sub-tropical countriea dm'i:e;i the months when
the mght temperature falls below 50 F larvm will seldom bo found in
the soll and no mfections will take place during these months eg m
Alabams from December through March  Similarly, in hot dry countries
the larvee die when the eaturation deficlency rises above a certamn
but this figure depends to #gome extent on the naturc of the eoil 1 India
Chandler (1927) found that 6 inches of rain per month were usually
pecersan to ensure transmission of nfection

In humid areas on the other hand, Maplestone (1932) found
evidence that the Iargest number of new infections were acquired in the
warm months prior to the onset of the rainy emeason. TWhen the rains
started the ground became watetlogged and unsuitable for larval develop-
ment.

In munes infection seldom oecurs if the temperature is below 70 F
and eonditions only become optimal in the region of 78°F

{(e) Bhoes or boots, even if they are not defectlve, arc not & complete

ection againat hookworm infection Eum&eau pfantcn in India or

dian overseers who have to walk thro o highly infective mud in
tea gardens although they may wear good leather boots frequently become
mfected but of courte the infeetion rate 18 much lower than amongst the
barcfooted Indian labour The children in particolar of the poor
whites 1n the routhern ttates of Amenea usually about barefooted
at least in the summer time and in India and other emstern ecountries
the majonty of the labounng classes are always barefooted.

Miners 1n European mines at least usually wear boots or shoes but
1 thess the infeetion occurs through the hands from the soll contaminated
rungx of the ladders.

There is no evidence that there 18 such & thing m man as complete
mmmumnty to hookwonn infection Negroes are not so readily infeeted
as white persons i the southern states of Ameriea, but 1 India little
differenco 1n racial susceptibility has been noted bildren appear to be
more susceptible than adults. There 1a evidence that immunity is to
rtine extent dependent on nutrition (ses Immumity p 589)

(f) Whilst immunity to infection is uncertaln there is no posmble
q:’aucn about the effect of diet on the morbidity produced by the infee
tion. The heavier the hookworm load in comparable population groupe
the higher will the morbidity rate usually be but this t correlation
between the hookworm load aud the degres of ansmila for example in
tho individuals of a group is often absent This is probably a matter of
mdividual differences in diet and iron asmmilation. ere I» evidence that
if the intake of iron is suffcient there will bo no anemia however heavy
the hookworm load and further the writer has frequently been able to
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show that even in the presence of a heavy hookworm infi
ponsible to bring the hemoglobm levafnlgck to.iomml by iron :Qmu
tion alone. Smmilarly, we (Napier and Das Gupta 1937) have shown
gﬁ: nf hig& pgﬁ et ;_nﬂ p}l;odﬂt::on genceral mprovement 1n the cond-
o en ermg from hookworm diseaso
o &t}m g causing the dixappearance
Special arcamatances and other factors.—Whilst the above discusion
probably covers 99 9 per cent of hookworm nfestions there are exceptional
ciroumstances under which nfestion may be acquired vicariously eg m
the labora and by bathing in wator heavily contammated by fresh
sewage (Ashford et al 1833) Dogs, pigs and jackals commonly est
human feces Some of the ova are deatroyed m ther intestmsl tracts
bub many survive eo that these animals may act as dusemmators of
wfection  Cockronches on the other hand Lave a digestion apparatm
that destroys the ova and Chandler has suggested that in mues cock
roaches should therefore be encouraged.

PATHOLOGY AND SYMPTOMATOLOGY

Varations 1n the clintcal pictere —The morbidity will depend on four
cwroumstances—(a) the species of the worm (b) the duration of the
exposure to infection that 13, whether 1t was a single incdent (ecute)
or a repeated one (chromic) (¢) the woight of the infection, and (d) the
toleranco of the host.

(a) Species —Ancylostoma braziliense the dog hookworm, frequently
fails to reach the blood stream and eo may produce only dermal lemons
Although there are some localities where this species 1s eapable of pro-
duang the full syndrome it 1s undoubtedly the least pathogeme of the

species Between the pathogemic potentialities of the other two
apaciea there 18 less difference, but Anecylostoma duodenals 15 the mort
thogenic So that the ucenchng order of pathogeniclty 18 Ancylostoma
g:vmltma Necator amencanus and Ancylostoma duodenale  Mxed infee
tions are common

(b) Duration of exposure.—The infection s usually o more or lest
continuous or at least an oft-repeated process but rare instances havg bees
reported in which single heavy infections have occurred (Ashford et al
1933) these latter havs given us a valuable glmpse of the pathol y
processes that probably occur in all cases but which bemg as & rule sprea
out over £0 long & penod have been diffioult to eppreciate clinieslly

{6) Weght of iofecttion and (d) host tolerance—The ehinical mdﬁ
shows considerable varation with the weight of the worm mfection &
the tolerance of the host In most arcas the mni)urity of infeetlons are

tomless throughout while in others chnieally apparent nf
predominate The severity of the symptoms will on the whole, vary i
the direot ratio to the weight of the infection but there will be many
individurl exceptions due to varations m host toleranes (vids supral

Skin lesions.—At thelr point of entry the filanform larvic causo &
local irritation, no doubt partly on account of the orgamisms that they
carry with them from therr septic environment. As indicated above entry
is ususlly at the sides of the foot, or on the dorsum between tho toes
whers the skin is soft and thin. thin about half an hour of tho entry
of the larva thers is a burning senration and Ister the area becomes
intensely irritating, a red weal forms there fa local cedema and hyp?l‘!
ema 1n the course of a day or two, theepidmiuunbcdiutheformtge
el vesicles and tho scratehing that the irmtation precipitates aids
introduction of septic orgamsms & that the vesicles apd dbchn]rge
therr watery contents or become pustular These vesicles or pustules
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wlich are usually multiple coalesee and finally an  eczematous pateh
develope  Thas condition 1 known as  ground itch or  water sores
for obvious reasoms

There 15 some ovidenco that this local eondition m more frequently
caused by Necator amercanus than by Ancylostoma duodenale for It
appears fo be rare in Egypt where the latter only is found whereas fn
India where both worms are foumd it is relatively common cspeeially
amongst ten-catate labourers.

The pathology of creeping eruption s somewhat different as it is
dependent on the fact that the Jarve of Ancylostoma Urasilicnse the dog
hookworm s often unable ta penctrate all the ]ﬂi ers of the skin  after
penctrating, the epidermis, the larve wander laterally between the
epidernia and the coriumi in an aimles manner for a con idernble time
cousing a local reaction There 18 local infiltration by cosinophils and
neutroplls with loeal hypermmia and cederoa, and later vesiele forma
tion The worm then moves on the vesicles afong its old trucks dx:iy ulp
and eeabe form which Jater may bo seratched off and the aren secondarily
nfected 1t 18 urually very wmtating  The tracks of the larva can be

een ca ily through the epidermibs Hke {rregularly {wisted thrends they
may move at tho rate of reveral centimetres in twenty four hours and may
produce cxtenmve pattern. throughout the skin ace of o lmb Thev
survive 1n this intradermal locus for several wecks or cven months.

Occamomally the larve of the other apocies caune a similar condition

The larval phase —In =ynchronous heavy infectiona (acute} there
15 cvidence that some larvee do not immediatcly find their way into the
venules of the shm but wander in the deeper tissues taking a month or
#0 to reach the lung or perhaps never reaching 1t at all and bemg
phagocytozed in the tissues. In euch cases acute general symptorm eg
fever which may mimulate tvphoid and a sharp cosmophthe (75 per eent)
leucocytosis have oceurred. It 13 doubtful if in the ordmary ced
infection there is ever any tracc of this syndrome heyond o mcﬂfmte
ncrease m cosinaphils

The lung lesions.—The next point at which the worm makes ite
presence {clt 15 1n the lungs In escaping from the lung capillaries into
the air sacs it Fenetratea the alveolar mucosa often cauxing submucous
extrayarations of blood, which may coven rench the eavity o% the alveol
and lead to collections of blood that are later coughed up by the patient
Pneumonitis has been reported but 1s rarer than in the casca of ascaris
and strongyloides infections In ceses §n wlich there is an acute that
15 a heavy synchronous infection, there may be a eensation of obstrue
tion in the throat with difleulty in swallowing end speaking but m the
ordinary case, m whieh the invasion 18 spread over a long perod it s
seldom potmbia to get any such Listory In acute cases ﬁum bronehial
sym! begin to appear as the skin symptoms subside that 1s to say
at about the end of a week after exposure.

Gastro-intesnunal symptoms —In the aeute case these are usually
pronounced there being marked pgastro-mntestinal discomfort, colicky
pu\n? h?:ei diarrhaa (f:tmnwﬂhmtheﬂmgnnof f{nnk blood and mucus
or o tarry stoo ven in m ections in Europeans epigastric
discomfort is & common symptom it often persists and may be?hu only
evidence of the infection In heavier infections that have been spread
over a long pertod especially m poorer class Indians and other barefooted
populations these tro-intestinal symptoms stand out from the rest
of the picture of ill health The diarrhea may be due to the local irmita
tion and the absorption of metabohtes in the intestine but Ashford and
his co-workers (1933) believe that 1t may be the result of helminthic
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!(D;;f;abomm )from the Irve or dead Jarveo that have gone astray in the tiagues

In the acute case 1f there 1s no further inf
will tend to subside as the adult worms sattjg ﬁu&?} ﬂiﬁ'”“"’b”?ff"’ﬁ,"
mfection has been & seVere one and the worms are not ml;l;]\: uanzmi:
will develop as the iron reserves of the body are depleted °‘i‘nd other
:{n't;{)toms (1de infra) will appear It fs scarcoly concervable that

e acuts nvasion that was non fatal m the earlier sta could pmdne:
very sertous chronic manifestations however where the ipfection i &
continuous process these earlier toms will be relatively insfgmficant
but tho symptoms of the eetnbﬁ:ﬁ;rdlscm wiil be the important ones

General symptoms in established (chrontc) ancylastomiasis—~When
the adult worms are established in tho jejunum, thoy suck blood possibly
injeot some toxin and make small J,esiozu in the mucesa which wa
mﬁv; Dﬁt;d%bmmuon Tho recogmsed syndrome of ancylostomias

The fully-develo ancylostomiams dr
mdema of the uxtmm%egu mdyfuw-—tlxe y p:)x:zﬂsfyg%&gcm;ﬂ
mucous membranes almost whito horr scanty and a protuberant abdomen.
The patient has & vacant expression ho has no energy and is indifferent
to hi surroundmgs. He complains of palpitations and 1s breathlees on
exertion  He suflers from dunness of visron and night blindness
tion shows that hie heart (both right and left mde) is extremely dilated
thero 1s ususlly s mitral systolic murmur, and zomctimes one &t the
Lvuhnounry base his pulss 1s raprd and his blood pressure low  His tongue

as & wash leather appearance and often a black streak down the centre
A watery diarthea Is common

The cardiae changes which aro all sccondary to severe endocardil
damagp that 18 1n turn caused mamly by the anemia are eamly revermble
when the blood picture is improved by antl apmmie trentment alone, bub
thore are a few cases in which this improvément will be delayed until the
worms are expolled this suggests a posmble second lactor of a toxt of
an allergic nature (Hellig, 1842}

Patients will usually have token severnl years to reach this muserable
state and in the case of children their physleal and mental development
will have been retarded so that a child of 18 years of age mav physfeally
and mentally appear to be no older than 10 years and nt the eame time
he will lack the childish energy and desire to play with other children.
Sexual maturation 13 also retatded A curious craving, manifested by
geophagy (or eating of earth) often develops

The anmmia 10 perhape the most striking morbld change and i in
certamly the most eai-ulv measured 2o that the blood picture will be dis-
ousted I some dotay

Blood pictars The cause of the eénarma—TUntil d fgw yeamn #go
there was much differenco 1n opimion on the actual csuse of hookworm
apemia. It i now well established that 1t fs a true secondary a
due to the adult worms continuously pumpmg large quantities of blood
from the hosts oirculstion into the lumen of the intestinal capal The
lost blood has to be replaced and this can onlg be done at the expense
of the reserves of ron and probably other blood forming substances
Even with & heavy load of worms anemin can be prevented, or even
cured, by g the patient & protewn diet plus medicinal iron
but in persons living on the border line of won starvation anemis will
be caused by quite & moderate load.

While most cases can bo cured by iron administration slone (e
infra) there are a few exceptions in w ich the normal blood level eannot
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be regained wathout the renroval of the worm  this suggests that the wotms
may also introduce some tomin or allergin that d hemoporetic
fanction However in a small ecnies of cases in which a large number of
blood exammations and aternal punctures were done the writer (Napler
Das Gupta and Majumdar 1941) faled to sec anv ewvidenco of the
represne effect on the hone marrow of tho hypothgtieal toxin and we
suggested that these few cxceptions might be the result of malabsorption
of rome cesential blood forming clement an a rerult of eourse of dyefunc
tion caused by the hookworm infection
The nature of the aneme—A more striking reduction in hemoglobin
can oteur in hookworm hisense than in any other disense of cqual reroun
neas  The wnter has reen tea estato eoolica walking into the dispensary
with & hemoglobin pereentage that was estimated by tho tea estato doctor
a. 5 per cont on the Tallqvist eeale  The bloodd that eame out when one
pncked the finger of such patienta was a thin watery fluld which would
not make a proper smear cien on a serupulously elean elide  The colour
was in fact well below the 10 per cent matehing on the Tallgvist seale
amd by more accurate methods o figure of 15 grammes of hremoglobin per
100 ¢ em. of blood war not an unusual finding with 900,000 re?cclla per
cam. and a packed cell volume of 6 per cent this gives a nean corpuscular
hemoglobm (MCH) of 1673y & mean corpuscular volume (MCV) of
601 cup and a mean corpuscular hemoglobin concentration (MCHC)
of 200 per ecent It 1 thus a imerocytic hypochromic snemmz The
meture L nearly alwava a mueroevtie Iy pochromie one but of course the
anxnia 15 not ucually as extreme as in the example quoted
ere are usually a few normoblasts present and 2 to 5 per cent
of reticuloeytes the van den Bergh reaction 18 negative
{s often on increase m blood volume tlis compensates to some
extent for the extreme anmis snd possbly explain why patients ean
Ine and even work with such low percentages of hemoglobin  There 1»
a decreare m the serum proteine and n both calelum and eholesterol
The white cell count —The total count 1s usurlly between 5,000 and
10000 per cxom  that 1 more cr less nonnal but the eoswnophil per
centage 15 nsually ramed. An average count of 14 per cent 1s not unusual
but 1 the very heavy infeetion the eount 1 often witlun normal limits or
com10oplnl may even be absent
Gastric acidity —There arc conflicting statements 1 the hiterature on
this subject  We found 1 a sertes of 28 Indians that the gastric acidity
was normal or wnercased 1n 21 (or 76 per cent) and that the Telation
between the hookworm load and low gastric acidity was i anything a
negativo one, but that there was some relation (though not a smgmficant
one} botween gastnie acidity and hee lobin percentage sugpesting that
hookworm infection did not cause achlorhydma but that achlorhydna was
possibly an independent contributory factor mn the eause of anemia. There
wers in this scrics only three cases of complete achlothydna  Anti anmmie
treatment, caures no striking huprovement in the acidity
Fxces—The stools arc watcry  As well as the ova which will be
discussed below there 1» nearly always oceult blowl

DIAGNOSIS
In the parenteral phases —The diagnosis of the ground iteb  would
bo duflicult without the cprdemiologeal background and the condition is
Ikely to be confuzed with the secondarv pyogenie nvasions in tinea
mfectons and other skin conditions but creeping eruption producer a
map-like effect on the ehin that 1 verv characteriatic  Cnathostoma
apinigerum and the larvn of flicr of the geous Gasterophius mav produce
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somewhat sumilar conditions However both of these are mars hable to
ocause deeper tunnelling and nbecess formation though the diagnosa can
baqua with certanty only by the recotery and identifieatron of the wamm
or the fily maggot from the lesions There is Iittle opportunity to make an
acourste disgnoss at any other stage of the parentera] fection, al
thouﬁ] in & lew cases larvee have been ed up from the lung
the intesunal phase —The chnieal pleturs of hookworm disease {s
1 characteristic one and so also 18 the anmmug (1:ds supra), bui 1 would
not be jushfinble to make a diagnoms without the confirmation of stool
exammation  The finding of hookworm ova m the atools 1s ovidence
of hookworm wnfection but, even when the ova occur In relatively large
numbers and the patient 18 anmmie this 1s not necesaartly evidence of
A dusease ax the anmoua may hsve some other cause Alany
populations have an infection rate of almost & hundred per cent without
much morbidity directly due to tho worms, and great care must be taken
to view these hobkworm infections 1 their proper perspestive and not
stiribute either too much cr too little to them 1In the early days several
expertenced investigators made ecrious mistakes 1 this direction (e Giles
n Assam attrbuted hals azar to hookworm infection) In the absence of
other obvious causes of illness and on the findmg of perhags o mngle efE
1t is often tempting to Jabel o patient 'ancylostomiams bui this should
not be done without first out & very thorough mvestigntion to
exclude other causes and prlmg the therapeutio test  On the
other hand light tromdm nfections m some sacial groups 1n Europeans
in India for example may be responsble for muild but troublesome gastro-
mtestinal disturbances eueh as continuous emgastric discomfort and they
hould not bo 1gnored
Examination foc ova—It will be possible to mako a diagnons n
any chrieally significant infection and even a rough estrmate of the hook

TECHNIQUE

Direct examination—A small piooo of stool 1 placed directly on & lazt
mucroscopie ghde 3 by 14 1nchee s Iittle mime gufficient to mako 8 mm
» a #nd coverlip 1} ,by,; inches, o placed over it

&
portion under th iip (2/3) ob!
unn.o‘;aune—;wc: Penodiealiy hmaybcmcu-nryt';bﬁnsgl mg_m

1]
tlon to fden mrpadnlnbaﬁ.butthcinkmm
hdmukiw op;?uudnm with t‘;\?lofmuhm g?uuvo stides may be nesepted
ay svidence that thers j» no cafly aigmficant infeetion, ced

ttion methods.—A prece af stoo] about the wms of half o waloot o
in nnmund-hutmmal ecntnfuge tube  Tap water is added and the stool Tx;d o
The emultion fs now filterod through wet chease-cloth (18-20 meah) Paaly
centrifuged at epeed for "0 seconds, the sapermatant fuid b men-“odmf
water sdded the centrifugalmation is repoatod several times un o
ratant fAmd is clear A small amomt \‘:L& rme nnoh-ulpha :
e e the e then Bl i ik sine, elgbate

wigticn It s agan centrifuged {

the
arv added very chrofally with v apeite to fill the tube $o

fn tact with thir men
b e uo'rnr-;lmu g g‘!f:clllﬂodc:; placed face downwards

dm-culnzou,erncm, iy e
mzr:hldlthcﬂoatmgmmmectedunn
abore



TRFVENTION 697

lanc  direet coninfueal flotation method which entmi!  the emplayment of
a epecial & tus is depondent on the myme prinapls it §s poenlly the best
method for the last cgx in & #tool but tho farmer of the moth
abore fsll very little hort of Lanc s method and [ rufficiently accumte for all
prictiml prurposes
Estmating the hookworm load —The methods for domng this before
treatment are ncecesanly rough but it 1 genernlly consmidered that one
female worm vwill pars cnough cggs to repregent 80 eggs per gramme of
stool and on the nrewmption that the sener are eqyally divided this mean
that ench 40 egpa per gramme represents one worm
We have adopted the principle of grouping hookworm load an
follows —

I Light load umder D00 ey [er gamme

11 Moderat load over 2000 Tt unl ¢ 10000 egey por gramm
I Heavy load over 10000 bat unter 10000 exxe per gramme
IV Voy beavy lowd ;o 40000 reEe T Eramme

The la<t figure i« equvalnt to a load of 1,000 worm
After treatment the worme ean be counted hy colleoting all the etools
for 48 hours and washung them through o fine 1 min mesh) copper meve
The adult worma will be held baek by the sieve and can bo coun
There are reveral methe!  for ~timating the number of ovn but the
following modification of the onmnal Stoll method 1w the wnterx
ce the best —
Technlque —A testtobe of suitable mre w« markd at the 37 ¢ m xnd the
30 ccm lev la. Deemotmal sodinm hydrowd poured mto the tubs up to the
27 «om ley | and portions of wtool re added unt ] the flmd reaches the 30 eo
lorel. Tho enntent of the testt be re now poursd into & bottlo containmy
head and the test-tube m wasdied out thoroughly with a mensured 60 cem of
N/10 sodium sde which 12 alno added to the golﬂc The final ditutron of the
wtool 1 thu t 1 in 30 The bottle 1 corked and shaken thoroughly and if

mpette exuetly 015 ¢em of emubaon is piaced on a large alids, and
large coveral p is placed over t Th number o Plrlcrquro'ur_hnlld*r-
mted This figure multplied by 100 gt &8 the numhe of cggs per gamme of
Other diagnostic aids —Inatance~ have been
reported in which though o ova were found m the
stools adult worms were found post mortem The
usual explanation s that these have all been male
worms I{ this etate of affaarm 18 suspected the
therapeutic test and carefol examination of the stools
for adult worma should clear up the pownt
The finding of an eosmophilia will naturally
lead to a smuspicion of rome helminth infection but
w1l bo of no real diagnostic value further when the
mfection is a heavy one and the morbidity consider  Figmre 148 The r
able there will usually be no coanophilia worm
If the examnation of the stool is delayed for any reason the ova may
hateh into rhabditoid larve and thess will have to be differentiated from
thabditoid larvm of Strongyloidcs Tho most striking point of dilference
is the very short Luceal eavity of the latter In extremo cares filanform
larvm may develop, but the diflerentiation of these from the filariform
larvm of Strongyloides preecnts Litle difficults as the latter have a notehed
tail that is quite characten tic

PREVENTION

Introduction —It will first be neceseary to make an accurate assers-
ment of the problem to be faced Thie will require a clinieal surver of
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romevhat mumilar conditions However both of thess are more liable to
cause deeper tunncllng and abscess formation though the diagnoas ean
be made with certamty only by the recovery and 1dentification of the worm
or the fiy maggot from the lestons There 15 httle opportunity to make an
acourate diagnoss at any other stage of the parenteral mnfection al
though 10 & few cares larvee have been coughed up from the lung
the 1ntestinal phase —The climeal pisture of heokwarm discase is

o characteristic one and eo nlso is the anmmia (vids supra) but 1t wonld
not be justifinble to make a diagnosa without the confirmation of stool
exammmation  The findmg of hookworm ova in the stoola 15 cvidenes
of hookworm wnfection, but cven when the ova occur m relatively large
numbers and the patient 18 anmmie this 1s not necessanly evidenes of
hookworm disease as the anemn may have some other cause. Many
populations have an mfection rate of almost o hundred per cent without
much morbrdity directly due to the worms and great care must be taken
lo view these hobkworm infections in thewr proper perspeetive and not
attribute either too much or too little to them™ In the early days several
wperienced in tors made serious mistakes in this direction (eg Giles
in Aesam attnbuted kals agar to hookworm infection) In the absence of
sther obvious causes of 1illneas and on the finding of perhaps o single egg
It 18 often temptmg to label a patient ancylostormams E\Gxt this should
not be done without first cn.rrf'mg out & very tharough investigation to
axelude other causes, and finally applying the therapeutic test On the
sther hand light s})oradm nfections m sowme soeial groups 1n Europeans
iz India for example may be responsible for mild but troublesome gastro-
Intestinal disturbances sueh as contmuous epigestnic discomfort and they
should not be ignored

Exanunatton for ova.—It will be posmlle to make & diagnems n
any chnani) smgmuficant 1nfection and even a rough estimate of the hook
worm load by a direct examnation of a stool emulsion under the miero-
acope but for recogmsing very Light (imtis] or remdual) mfections for
cxsmple 1 testing the ﬁcm of a drug eoncentration (eg flotation)
methods should be unred

TECHNIQUE
a

Di xaminitbon.—A small prece of mool iy placed direclly an
mxaucrv:gm'ulida, 3 by 14 mches, a little salme sufficent to maks » thin emm
nnddcd.md-luzscovuﬂxpIibyimr.hen,mxﬂmedmeTbemd
portion under the coverslp f examimned with a low-power (I/3) oh&m

o 1/8 nb]ees::

e no. 10 ays-pioce. Periodically it may be to bring 1
tofdunh!ymmulpoddoh'm:buitheln}ﬁﬂﬂrﬂlfw i
shonld be made with the 1 lens. negative siides may be aceep
a8 evidence that there is no d significant fection. I
Flotation methods.—A prece of stool about the mre of balf & wakt
m a round-bottomed cen: tube Tap water 1 added and the stool e:;df-bcﬂ
The emuldon s now filtarcd through wet cheese-cloth (16-20 mesh} ol fresh

eentnfuped at high speed for ™0 soconds Mump-mnmtﬁuldl-;g:?‘lm

ted severnl times
water added the centnfugalintion is repea ol thm B

5

3

ak
it
g%‘;
ge
a’g?
gu>
i
=
i
g
i)
‘;;:
8
A

:h

s gao an A
It is centnfoged for 70 seonds A few more drops o
ﬂuggﬂ;ed rtty.;-::!uﬂy w':rhhnpﬁlpena to ﬁ]e‘éhe tube to the brim -;t_i‘
:o::dhum m.tf: ;Jvm‘-l.h. This 1 lifted off placed face downwards
d for ove.
fu the absence of a centrify the ring sulphate solution en
direet]; Ces, and allowed to stand for a fow
dmzhz:hmr - er’ttdonlmveuh-ht.bem

i ;

the floating ova are
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Tane rl{rw-tt nw‘:nl{mldﬂo:mmnn?l 1 ed which ‘iuml] i(lw rmplnygmm
PeCin ue C] k) ¢ FMme (
;':dbod I'r'l;r| r?n: the h*{‘(:m i um:tool but thmr of tlh: mﬁ e
sbove falls very Itk bort of Tane  method anl f maffewnily accurate for afl
yractieal purposee.
Estimaung the hookworm load —The methods for domng this before
treatment are necetsnnily rough but it b generally considered that one
fernale worm will paes enongh eggs to repreeent §0 per granmime of
ton! and on the aseumption that the sexen are cqynlly divided this mean
that ench 40 cpr= per granmue repreecnta one worm
We have adopted the principle of grouping hookworm load  as
follows —

T Light load nl 000 ge yer gramme

11 Moderate load ov r 7000 tut umler 10000 exes peor grAmm
I Heavy lond o cr 10000 1t unler D000 exe per gTAmIMe
TV Yen hemir Ioad m 0000 pee per EEmmme

The la t figure § cquivalent to a load of 3000 norms

After trentment the worms can e eounted by colleeting all the tocls
for 48 hours and warhing them through a fine (1 mm meah) copper meve
The adult worms will be held back v the mieve and ean be counted

There are eeveral tnethod  for estimating the number of ova but the
following modifieation «f the  mngmnal ~tell method 1w i the wnter s
expenience the boet —

Technique —A te<t tobe of ntabl wmre = n ko d at the 27 cem and the
Weem | v s Deenotranl =« b m h dro »d 1 poured mto the tube up to the
77 en de | ond portons [t A4 reoalded il the flud reaches the 30 een
levcL Th emntent of tie test tile e now pourrd into u bottle containmg gl
bead and ¢ tetdube mow bed t ther ughly w th a measured 80 cem of
N/10 eodium hydroxsd whi h1 ko dded to the bottl  Tho final dlution of the
ftool {4 thu about 1 m 3 The htthe 1 cotked and shaken thoroughly asnd sf
peeesiry left over-night to emeure compl U druntegration of solid feces. With &
measuning pipette exacth 015 eem [ mukion hrhcrd on s large dide, and a
Lrye mvnur;v 1 plac] ner t The number ey o two wch alden

founoo!lrd_ T figure oultipliedd b 100 g &4 the numbe of cggs per gamme of

Other diagnostic aids.—In tanee~ have been
reported In which though no ova were found in the
stools adult worms were found post mortera. The
usual explanation is that these have all been male
worms If this etate of affnirs 18 suspected the
therapeatic test and careful examnation of the stools
for adult worms should elear up the point

The finding of an comnophilia wall naturally
lead to a suspicion of rome helminth infection but
will be of no real dingnostic value further when the — —— —
infection is & heavy one and the morbidity conmder F%‘ﬁookm egn
able, thers will usually be no comnophilia worm

If the exnmination of the stool is delayed for any reason the ova may
bateh into rhabditoid larvw and these will Liave to be differentiated from

toid larvm of Strongyloides The most strikmg point of difference
1 the very short bueeal eavity of the latter In cextreme cores filamform
larve ma develop, but the differentistion of theso from the filanform
larvee of Strongylotdes presents ittle duficults as the latter havo a notehad
tall that s quite charactenatie

PREVENTION

Introduction.—1t will firet be mm:':wa.r?y to make an accurate assess-
tent of the problem to be faced This will require a elimloal :uervey of
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representative groups of the populations includ
estimation of hemoglobin an c\cfmmntion of theu;fo;: j;::ftcrm; or?:ﬂ
same wdividualy and an estimation of the percentage of fected peraons
and of the degres of thewr infection—a better
evafuation of the Istter will be obtamed by clasm
fying the population according to the number of
ova they arc passing {ree p b597) than by
working out an averago for the wholo number
examned—and finally 1t posible, an cstimation
of the infectivity of the e0il* in arens where most
fections are thought to occur this last mvest:
gation should be made at soveral different times
of the year  These examinations will have to bo
repeated petiodically to measure the siedess or
failure of the protedure (For short descrip-
tians of the method of stool exammation
seen 5061}

In order to obtain & view of the subject of
prevention n proper prospective 1t should be
conndered under two headmgs, nemely (I} the
pravention of hookworm nfegtion, (11) the

revenfion of hookworm discase despite the
act that there wmall bo much overlapping In the two alms

(I} Prevention of infestion —The resder 15 asked to turn back to
p 590 where the five cesentinls for hooknorm infection are green we will
consider the subject under each of thess five beadings —

(a) Man 1s the sole reservoir of infeetion of the two fmportant species,
va that effective anthelmntie treatment will have the double result of
curing the Individual and roducing the saurce of infection m the community

(b} The circumstances are such that it in zeldom that an
be dona to improve the terrain but where tho area i a very hmited one,
as in mmes attempts have been made to reduce its suitabihity s & mednm
of infection by treatment with such subwiances as commom anié.

{c) The proper disposal of human feces by the instaliation of ssnitary
latrines and the encour t the eafor t-—of thel

this 1 posmble all other proventive 4
not the place to discuss methods which wili natorally vm’i:;im the condi
tons some places in India the bared hole latrnge been 8 very
nseful solution as the mdindus! nature of this system obviates

* Batrmation of larvee m sl ~~Thn » moss aesomplithed h(y the
echnrque, which the fact that Wrve will migmte out of sofl fnte warm
:ﬂhr lbnlwwma n mn‘ﬁ mth;ha bmfn!}o:f{m of ths sofl The techmiqee b
Tha a‘:n’:pla 2 mdhin:;d“wn:h: of » glam Slter funnel of 15 to B em.
dumeter (pmmbgn{ﬂl:bed) placed & "&“Mm"f{ m“‘{h n:ﬂhnip snd Mm i
bedil rubber prov mch~eock
':mm}elf::otmodbp?:&dmnﬂwebuﬁetmdaoflmm muhbman;md:m:
mefnthcbemdoth.wka-mvnteruhmdm!bnf and its hemgh!
20 sdjuxted that the lam'{lwe\ of lhnh»'le!‘ e :n:;: 53 mlt‘xn‘v(&htbtn“uptguﬂhvﬂm
muutes, nematods hmmmmn»mmvhgmodm Un{mgovntbem
of the funnel The spammum yield takes e et dn-nudfwinwml

the pinchcock be O‘P,T!d;_d Pipotted off

teat-ube the the scp fuid ated p
sediment poured { shde for examinxtion, Exarmier

and the 5 upm-;:c-u{’gﬂr:mmgbw and Strongylosder larew

) svd
e atodés fresdiving tn the woil.
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prejudices that are entertamed regarding the communal latrine It is of
the utmoat importance that any echeme that 1 mtroduced should be casily
workable and suited to the special circumstances 1t mus* not be hable to
break down a« an unsatirfactoryv latrine wll do more harm than pood
This aspeet of prevention §« eo Important that 1t must alwnys be remem
bered that whatever other measures are taken the only endunng eolution
will be proper disporal of human exercta the eource of infection and a
beginneg mu t he made to this end
Education and propaganda will play an hinportant part in the preven
tion acheme ax not only has understanding to e imparted interest aroused
and ingrained habit broken, but quite often actne prejudice has to he
overcome
Where lntman «xerctn are it ed for manure Gther eeptic tank treatnient
for a contiderable time at least three montls in a temperate chmate or six
wecks in & tropical one or zome other means of aterilization must be
employed e ¢ the addition of lime to a dilution of 1 1n 500 or mixture with
Iitter to make o form of compodt end bunal in the earth will raise the
temperature suflicientls to dextrov the egz and Iane  But thi particular
problem 12 & dufficult onc and haa not vet heen satisfactonly zolved
{d) Climatic con hition arc matter outmde human eontrol
(¢} The wearing of good boots or shoes will decrease the chance of
wfection but not stop it completely Lnlesr this 1= an entirely foreign
custom amongst the peo le the weanng of boote or eloes +hould be urged
Propapanda will agnin ﬁml an mmportant place here
(II) Prevention of hookworm drsease —It 18 agmin necessary to
reeapitulate  Certain facts must be remembered —
() Hoolmarm lo n t undrixo any multihestion witlm the body of the
Bt <o tlut sithout nmfetion there will be werca~e 0 ther  mber |t
in fact a relatively mpel reduction (plaeed at 70 per eent 1n the first vear by
ome obeervery) will occur I th mr'.;mm. woott di out it will by e to be
repeatedly repleni hed We tioe ba o the equation —
Book Joad e APe mate of acawmton of infection
“the nite of worm loss
(1)) The hoockworm load at sny particular m m nt will ary from o2 w» m
to several thommand and similarly the mfection mey be cither sub-cliueal or
dinieal however tbe relstion between these two facts w not a simple and d reet
:a:d’but mod idity ¢ dependent alwo on the tolerance of the host or in other

hookworm Joad
motbidits = ot 1 -
(i) Houi toleranee n depondent on certam fixed factors, such a3 age and
raee but it js alvo mfluenced considerably by o varisble factor the dist of the

The eventusl aim of prevention 1s the reduction of hookworm morbidity
m tll;q; population It will be eeen from the above cquation  that thy
can be done by
{a) reduring the hookworm losd o
(g) inerenamg Q}m t lerance of the bosts
The hooknorm load ean be reduced by
te [ mequse tiom of | fect un or
E?)?nm:’b‘:r:eo!:om b ; 1 hygl
mainly by improving eniironmen yriene
ludewfu;rﬁ ﬁ\clléhta;)grc(? wome evidence mostly on analogy with camn
mfection that diet affects the rate of cffective 1nfection  and (d) will be
aclieved by apthelmintica amd to some cxtent po 1bhv alo by mutablc

Relerring to the number of worme that actaally reach the bowel
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dietary  The only oticable measure for ach
tolerance 18 also by ﬁxr:tary improvement eving (5), incresse in

Thus to pummarise hookworm morbidity can bo reduced by —

() Improvement 1n environmental bygiene (sensu lato)

() Anthelmintie treatment

i it oo i oo

m quite obvious that if the rate of the acqumtion of

tion 1y sufficrently decrensed by manltary improvement o?-qtho rate of i:-tl;cr:n
los 12 sufficrently mcrensed by mass treatment, or if both effects are brought
abont the degreo of mfection of the population will decline, and avers
hooleworm load will decreass and eventually fall below the morbidity level,
if 1 addition the diet of the population 1s improved this end will be
achieved at an earher date  In this way the morbidity 1n the population
may be reduced without achieving the ideal of a perfect sanitary eystem
which in most cases will be 1mposaible or the complete dewormmg of the
communrty which n most cases will be mmpracticable. The great dis-
advantage of this method of approach 1s that continued ance to ensure
that there 1s no dangerous inorease 1 the hookworm Infection 1n the
population and ususlly periodic retreatment will be necessary

Policy —There have m tho past bean two schools of th k. The
more realistio school demanded a reduction in the hookworm morbidity on
the lines mdicated 1n the last paragraph succesa being measured by the
reduction of this morbidity in the community The idealistic school
conmidersd that tho aim should be the removal of the last hookworm fajlure
to achieve this being mensured n torms of the number of infected persons
loft 1n the population

We will connider the latter first It 1s imposatble to criticize the 1deal
but how far is the aim practicable? To achieve complete success not
only the cases with symptoms but every member of the population who
shows any hookworm nfeotion must be treated (if he wall consent) To
ensure the removal of all the worms even by the most efficient method, st
least, three treatiments will be required m a largo number of cases and an
elabarate method of stool examunatron will be necemsary to check the
results  Further this whole process will usually havo to” be repeated &t
monthly intervals for o period of four months to catch all the fresh worms—
those migra 1 the tissues and those acquired from larvie surviving 10
the so1l since the firat mass treatment—befare thev can produce any
Enen then a few worms may escape ond should complete suceeze
achieved o casual visitor might rewnfect the ground and start the whols
mfection oycle agam There mught bo occomons when m ag walated
commumty such a measurc would be both practicable nnd advisable, bug
as o genernl rule complete success would be so mmprobable that it woul
bo scarpely worth attempting.

The py;:-huy of the realistic school ls the one now 5l:cncrally ﬂdﬂpwdt
Complete treatment of the whole commuinty is not usually attemptedbbﬂ
treatment s concentrated on the members of the families or of the habita
tton ps in which any cases of hookworm diseasc are found one course
of anthelmmtie trontment 18 gicn to cach member and medical trent
ment for tho onwmia plus o second course of anthelmintics if "Wﬁ
to those with ohinienl evidenco of the dueass The mest favourablo % ®
for mving such o course of treatment 18 during the period—when t :’;
15 one—in which trapsmission does not oceur eg m the southern sial 3
of America the tempernture prevents transmission between November ap

March. b
odifleation of the mass treatment programme muc tme-
cons\meymtgl?abomm tory work 1s saved and the number of treatments given
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18 reduced very conmderably ulthoum may be ndvisable to repeat the
treatment every few vears. It has found thn".{ il this procedure is
combined with the prowision of lathnes and the diesemimation of pro
paganda regardmg thelr proper use a steady dechne in morbidity will
{ake place year by year

In concluson 1t mu t be remeubered that none of the measures
mentioned nbove ean be put mto effective operation without explaming to
tho people tho cau ¢ of the dicenso and tho necessity for their whole
hearted co-operation o that to the measures summarized on p 600 must
be added

(11) Education and propagande

TREATMENT

This muat be considered under the twe major headings (I) treatment
of the parenternl infection and (I1) treatment of the mtestinal infection
and the latter ean be divided mto (a) epecifie treatment and (b) general
treatment.

I Of the parenteral infection —Execpt that in the ease of creeping
cruption the larem of Aneylostoma brasiliense may be destroyed i the
shan by the application of carbon gloxide enow (‘dry ice ) or by the
ethyl chloride spray no method of affecting the larvie before they reach
the intestinal canal 1 known Antiseptic lotions and dressings should
he apphied to the ekin letions to obviate or cure secondary mfection

YP Of the intestinal infection — (a} Speafic

Hhtoncal —Prior to  bout 1917 chloroform  bota-napbtbhol and thymol were
the prinapal drogs used  of these thymol was undoubtedly the best. A dose of
groing was gren to an adult usmlly m divided doses thers were often
unpleamnt b ects which might be serious 1f slechol wers takem Three
treatments at least were urually required to rmduce the worm load to a igible
level Thymol 19 a relat ely expemsive drog, and, as cheaper safer and moce
effective druz ba ¢ inee been mtroduced, 1t only desrves mention i an
hutorical section
Chloroform and o1l of enealyptns was the standard treatment for this and
other belminth mfectwn m the early days of the ccntmg and deserves bonourshle
mention whereas beta-naphtho! s quit “uschews 1n wafs doses and 1t s diffieult to
w0 why it was evor sdvoral

In 1015 V etor Herer um | od of benopodium n over 10000 eases with
suercwy and no bad resslts  This ch had bewn first wu by
8ch ff er and Vervoort in 1000 depends for t flicacy and its tomaty on ita

asrandale content thm unfortunately aned in diff rent mmples, so that in
dffertnt worlers b ds reult were n t umiform  od dangerous bye-effects,
indudmg some d the remited m few cames. It » now a sandardised pharma
coperial drue nd o very useful m moxed sscars od hookworm mfections, when
it i combined with crbon tetra hlande or tetmachlorethyiene but prven alome
for hookworm 1 fertion ita effective dose (3 cem fo adults) 18 dangerouwsly near
Me taxie doss, #o th t t ha been euperseded exespt for mited infectione
Tn 1622 fra b uwed carbon tatracblonde in pan a drug that had been used
smceemlully in dogs by Hall and it was | ter used 1n hundreds of thourands of
human eares without apparently cauwng any illeffects At this time t was by
the mo<t eff~eti drur. It was shown expenm ntally bowaver, to have &
Yory damamng effect n the |ver cells and eeveral cass whers this followed
therapeutfe deay w re reported, Purther if ny sleochol was taken immedutely
before or shortly after the rarbon tetra hlondo the Liver damage was likely to be
extensdy  and s el groups of fatalition amompst subjects of mam treatment
were ~d Qich incexdents had & tenous cffect on treatment eam
ard this drug 1] into drefavonr for this purpoes, altbough 1t was still ueed
ly pd still is for the treatment of wuch patients under houpital dusciphoe
A wmfe dowe for an adult #5 3 cem  and for dren 03 cem. for earh year of

in th extenm Rockef tler Found tion treatment eampalens so that it was slow
in recelying the recognit oo tl t 1t dese o+ Tow ver it has pow been used m
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Epidemiology —The conditions which favour ths nfection
ro'%fh ¥ those which favour hookworm nfestion although thers :::
obviouly certaw differences in the factors concerned, for thers s certainly
no parallelsm in the intenmty of the wnfections by thess two worms m
dmerﬁt pai:u of the endemic areas.

ere is 8 distinct male predomrnance amongst the persons infected,
and the age groups with the heaviest infection rates are in the second decade.

The incidence 1 often ugh in inshrtutions such as mental hospitals.

ETIOLOGY

The causal organism —The stages through which the worm passes are
as follows —

The —Thn Is fully embryonated on discharge from the uterns
it 1w d ted In the tissues in the paramtic phase and is seldom seen
exvept 1n experimentsal infections It has a thin transparent shell, 15 ovold
in uh';_%a‘ and measures about 54 by 32 microns

thabditoid larva—This develops from the egg in the tissues
reiches the lumen of the gut, and is passed usually m this form, in the fmees.
It is about 250 microns g:nlength and can be distingmshed from the hook
worm larva by ita shallow buceal cavity

The filanform larva.—Thiy develops from the rhabditoid larva
usually outmide the body, but also in other instances withm the intestinal
canal, It is & long (about 1 mm) fine larva with a long amsophagus and
a distinctly notched tal Occasionally dwarf filamform larve develop
from the rhabditord larvie 1n the intestinal canal

The adult—There is & conmderable difference between the free-
{iving female whioh 1 short and thick, about 1000 by 60 microns and the
paramtic female which 1s much longer (ebout 22 mm.) and finer The
male i shorter, about 760 muorons has a ventrally curved tail and is very
wrniar in the free-living and paramtio phases.

The life cycles —The filariform larva 1s the infective stage. The
larvm enter the gkin of man in the same way as the ancylostoma larve
but also through the buccal or pharyngeal mucous membrane reach the

UrE CYCLE OF STRONGYLODES

Figurs 150

the blood stream and pepetrate into the alvech They may
mln;wmtoaadulu here but otherwife they ascend wta the bron it;l;g
trachen to the epiglotts and pass down the asophagus mto the intes
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anal, and the females penctrate the mucosa of the duodenum or jejunum
usually) where they depomt their eggs. Occasionally females penetrate
nd oviposit in the bronchial or tracheal mucosa The femals lays on an
verage 50 a dav  Within the miucosa the egga develop into rhabdit
il larvie which work their way out into the bowel lumen and pass out
rith the feces  The whole journoy takes about a month Thesc larve
ecd on fo matier in tho sol

One of two things will now happen —

If the Jarvee find themeelves in n sub-optimal medium they develop
nto non feeding filariform larvme which aro the infecting forms they enter
nother host and the direct parasitic cyclo is complete

Or 1f condiions are optimal then the rhabditold Iarve feed tgus
hrough one moult, fecd agam, and develop into frec-living adults theso
nate the female lays eggs which develop into rhabditold larve In the
oil and the free—liv‘ing cycle is repented Erobably an infinite number of
imes ay long as conditions remain favourable but, when they ceass to be
0 the rhabg.ltmd larve develop into filariform larve which though they
w1l survive s fuch m the 201l for many months are immediately infective
ind capable of cotering another Luman hoat to complete tho indirect
arasitic eyele

This does not exhnust the possible cycles but we must go back to the
habditold larve 1n the intestmal lumen. Instead of passl on to the
o)) with the atoo] thete may adhere to the skan or the hamrs around the
anus and there develop into filanform Jarvee which mmmediately re-enter
the shin of tho host and recommence the cyecle Or the rhabdito:d larves
may not pa.s out of the intestinal canal at all but develop into filanform
arvee usually the dwarf forms referred to above and etrate the bowsel

wall to reach the blood and recommenee their cyole e former of these
laet two eyeles was deseribed by Fulleborn and ealled by him  auto-
infection  and the latter by Fauat who called 1t b ection

Thus to mummanse, therc are four parastic cyocles (a) endo-auto-
infection (Fausts hypenofeetion) 1b) exo-auto wnfection (Fulleborhs
auto-wnfection) (¢) direct (comparable to that of the hookworm) end (d)}
mdirect 1n which the frec-hiving ¢ycle 15 nterposed (ses figure 150)

Discussion —The practical significanco of the auto-infeotion cycles m
that an individual ean apparently retain the infection almost indefinitaly
without renewing 1t from outmde The auto-infection oyoles are nowhere
common they are more important in temperate climates where both cond:
tions for the survivai and opportunities for the re-entry of the parasite are
unfavourable but they are believed not to be confined to these olimates
as was at ono time supposed  The free-living cyclo makes it posmble for
sporadic infection of man to oceur without recent eontamination of the
sl and should theorctieally at least male prevention more diffioult.
Another point of difference between strongy lovd and aneyl is is
that aral infestion 15 apparently achioved more easly in the former so that
an infection can be inmtiated under conditions which would preclude entry
through the ekin of the feet or hands

Contributory factors 1n determining morbidity —There 1 consider
ablo evidence that diet 1s u very important faetor in determinin
pathogenteity in this infeetion both i the population and in the individua

hypenmnfection seems & mowt unfortunate choics for thw eycls The

¥ord i well established 1n medical language &9 meaning & very intsnse infection

s el a T 4 1 demtls to dderents botaiia

s rom & pra mt of view it s le

whethor It {a neerwary—then tle w rd Puo—u:to—?;fcctmn m ght ba qu{;m the
Fillleborn eycle and  endo-anto-dnfection for the Taust eyele
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In children who are malnonrghed and/or debilitated as a result of
the adult and larval worms appear to be able to burrow much murcd&?;
mto their tissues and cause more serious damago.

PATHOLOGY AND SYMPTOMATOLOGY

As in the oase of hooloworm infection this worm uces pathoge
lesions commonly at three points on its course (a) m the skin utp.tho
ol entry (b) in the lungs, and (¢) in the ntestnal mucoss and
the h(ro)nqull.bﬁnd kﬂacheﬁ.

a skan —Hers the flanform larve may produce petech
hsemorrh at their points of entry Tho mte later becomes very i
ta and there may be a localized wdema

(b) The mpu:tm'{vu tract—Hemorrhages may be caused in the hn
and these may be associated with a cellular exudate Into the alveoli TI
frequently causes a cough during which blood stamed sputum contami
larve may be bmughtBJan, and after heavy nfections an stypieal Euuumm
may ocour Occasionally, the worms mature m the lungs and Invade t
columnar epithelium of the bronchi and trachea cauring & local exuda
The respuatory lesons and symptoms arc likely to be greater in ti
nfection than m ancylostomiasis,

(c) The ntesunal tract.—The adult femeles 1nvade the mucoes
deep ae the muscularis mucoae and cause desquamation and oceasfonal
sloughing of the mucous membrane with abdomnal discomfort or
sometimes 8 frank d tentmg but more usually a profuse watery
or diarthea ultemfzag with constipation lots of weight and mdigestio
The mfection 18 often assoclated with insomnia restlessness and depressia

The blood picture —There 1s ususlly a slight Ieuoocytosi;( with o
8 to 10 per cent cosmophilia at firet and later a leucopenia  Thers ma
be eomo shight degres of anmmia usually of the macrocytie autrition
t,

ypeDngnom —This ean be made by finding the larve in the stool
Concentration of the stool will facilitate thus The larve u;gar in th
stools Intermittently and therefore no importance should be atiached h(sﬂ
:ﬁle or oven_meversl negatrr:]z uﬁ:e] E;urthcr Ehe hrt{: gpny
be digested durmng their y long Journey down
canal thus, mn a cese in which the mnfeotion ls sirongly su:pectedbr-otlg
warkers recommend that a ]c‘.lgodeml aspiration should be done.
larvee b ed up m the sputum.
’I'hu;ﬂ ancohuag‘lze topbe diﬂ'egntiated from the hookworm hrm)'ntih
mam pomt of difference 13 the shallow buceal eavity mn the m'dnngyo )0
rhabditord Iarva and the notched tarl in the filariform larva (wide supro

PREVENTION
measures to be adopted are those employed hook
wumrarhl.;!gilgn (quod wide) In ﬁdltwn the exwstence of Kﬂng;e:}-‘f
m an mstiution ests the need for il round tmprovement in ey
tion & higher sian of personal cleanliness and greater caro o
paration of food Uncooked vegetables and co-nt:.'u:nirmtedvmﬂi
?!If)phet are mportant zources of infection that can usually bev?gw r
Improvement in tho det of an mfected population or judr
help to prevent the more serious results of infection.

becn il f thelmintics

dapponting as none of the an
thatTt}l&‘:elmbeen &0 :Ecr{uulllﬂ in the treatment of -nrylmtamhm'dmh?bv:
moved of any vnlue in this nfeotion Gentlan violet 1 cons
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only specific but this has not been succesaful in the hands of all workers
m some cases this was possibly because they did not adopt the righ{
technique but thero is evidence of a variable remstanco to treatment
Expermmenta have shown this drug will penctrato at least as far as the
musculans mucose.

The most effiient method of admimstration iz by intubation of the
duodenum, into which 25 eem of a 1 per cent dilution of medical gentlan
violet Is given in onp dose this can be repeated after a few weeks if the
infection 15 not cradicated

The alternative sumpler and almost cqually efficacious method is to
mve gentian violet 1 tﬂo form of 1} hour enteric-conted tablets (EL
Lilly s Entenls) The ordinary dotage is onme grain (two tablets) three
tupes daily ome hour beforo meals for 17 days an approdmato total of
50 prains ndult dozes are piven to older children welghing over 100 pounds
one grain twice daily to children between 76 to 100 pounds and half o
grain thnee dnll}' to those between 50 and 76 pounds

Dr J B D'Antonl (pereonal jeation) r ds a concen
trated 4-day treatment in which ho gives two 3-gram tnblets thnee dail
before menf: on the first day three on the eccond day four on the t
and five on the fourth a total of 21 grains

For parenternl infections cg lung up to 26 cem. of 0.5 per cent
aqueous eolutlon of gentian violet given intravenously on alternate days
for five dores is recommended

This drug may eaute pausea and abdominal discomfort in certain
mdividuals but as it is the only drug known to be of any value it should
Jbe persevered with if possible After adounistration of an effielent courss
of gentian violet, larvee may be found in the stoola for several weeks before
ﬁémlly divappearing which ecems to indicate that the drug does not deatroy
the eqga

TRICHOSTRONGYLIASIS

Several u'g’.'cles of the genus Trichostrongylus parasitize man but most
of them are the normel paramtes of other mammals, and only incidentally
nfeet man. One species  Trichostrongylus on.entalu has been found
mak more than twents times by onc observer (Jimbo 1814) and 18 behieved
to be malnly 1f not entirely confined to man

These worma oecur 10 many countries in the world, from the troplies to
Biberia and therr lifo eycle is apparently very eim{lar to that of the
ancylostomes 0 that thoy are likely to be found in the same individuals,
However they also entrance by the ingestion of uncooked vegetables

The adults are found with their heads burled in the mucous membrane
of the small intestine  They ean suck blood and thers iy usually hyperemin
swrounding their pomnts of puncture which euggests that they may inject
some toxic substanee and/or allow the entry of
teptic orgamusms  In cases with heavy infections
cinacintion and anmma have been attmibuted to
the worrns but they are cvidently not more than
low Frada pathogens and their importanee in
med; l:h:? rc&‘u almost untcu;eldy on the fact that it
1 cary for the unexperienced to mustake their
for those of the hookworm. i

Further they are very resustant to treatment
and Maplestono (1641) states that several patients
sent to him as suffering from trestment reslstant
hookworm mfections have turned out to be infected 151 The egx
with Trichostrongylus  However the usual couree  of Trchost ongylus
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of treatment for hookworm infection (quod 1:de) 1 the only treatment
known to be st all effective. ¢ ) v

Identtfication of the ovi—Compared with hookworm ova the o-a
are lnrﬁer and more characterstieally egg shaped, that 1s, ponted at one
end, and thers is  much larger clear area usually at both pofec Maplestoue
(loc cit.} gves the sverago measuremonts as 89 by 48 microns compared
itk 62 by 41 mucrons for heokworm eggs

The ova usually hateh within twenty four hours under favourabls eon
drtions, produeing pseudo-rhabdriord larve that differ from hookworm
larve mainly 1n that the musculature of the esophagus is not well develaped,

and, although t the posterior bulbous portion 1a not clesrly seen as
in the true rhabditoid larva of the hookworm.
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an intermcdiate hoat  If the epes are ingeated by man from another host
by oral remfection from the proglottids of his own adult worm or by
cndo-nuto mfectron  brought about by reverse
pert talse the  proclottids or eges reach  the
rtomach where the covening is digested off and
the onchospheres cmerge penctrate the intestinal

mucvsn and, rencling almost any part of the body
t1a tho hlood develop nto cyaticerer  (wec
fipure 1 2)  From this pomt the eyele could he

continued only by ennnibnliem
Diphyllobotherum latwm —There are manv
bl 2] dufinitine host of this worm other than man—the
dome tic i the domestic dog and ent and other
ennines and  felines  walruses ecals  eca lions
minhs and bears The egegs which aro golden
brown n colour ovoud 43 by 70 nuerons contamn immature larve witlun o
tbm shell and have an opening at one pole eovered by o cap, aro passed
in the fmeee  In water theee mature within 16 days and the embryas
{roracidia) emerpe there are cibated and swim frecly i the water up to
12 hours after which they would dief thiey were not ingested by o copepod
(crustacean) of certain species of the genern Diaptomus and Cyelope
develop in theee for two to three weeks and whun the erustacean i
rwallowed by fish these cmbryos develop into plerocrreond larvie long
white larvm measuring up to 6 mullunetres m the flesh (musclo) of
the i h  The small fish that cat the crustaccans are later eaten by
larger fish such as phe perch trout and other filh commonly eaten
by man (and other definitive hosts) and in the
human intestine theso larvm develop into  adult
tapeworms 1n about mx weeha  Thus species grows to
n length of 10 metres or more and may haie a
many as 3000 proglottnl  Tho eges nro ovacuated
mto the intestinal canal from the mature proglottids |
which do not separate as i the ease ofpthe other
tapeworms but atrophy after they have discharged
their full egg lond These worms may produce s
many as a milllon egps o day  but they usually
<vacuato thefr cgpe periodieally about every thurd

Tiowre 152 The egx
[ Tamm

day for sbout n month The cgna are passed out Figu 153 The cxg
f D oboth
with the ficces and the eyclo 18 complete ,mn“ e

EPIDEMIOLOGY

These infections oceur amongst meat and fish-cating perrons 1n many
countries but are particularly common Amongst groups v ho eat therr food
rew or oaly lightly cooked and i countries where pigs have casy access to
human frces which they will reacily cat or cattlo grazo m pastures which
';rimi":‘q“mﬁy contaminated by or deliberately manured with  hunan

A number of cysticereus nfections i Bntish soldiers who hnve been
stationed m India Liave been reported  This 1s surpnsing as in only very
few Indigenous population groups 13 Tema solium nfection common 1n that
cotmtry which has a large Mohammedan population to whom the %xg is tabu
Most of the balanco of the indigenous population consuts of Hindus te
whom the cow is ancred and who for the most part arc strict vegetanans

Tho fish tapewonn Infection appears to be extendlgg in the United
Blates weveral fresh endemuo foer have been identificd and mfected fish 19

sent to market in distant towns
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PATHOLOGY AND SYMPTOMATOLOGY

In none of these mfections do the adult worms cysted
ordinanly mvade the hogt s tissues but they daﬂeotoz ti]verfﬁn a.maml:trm[
the host's nutriment to thelr own use, and secrets substances which m:
act as toxins or allergms  Rare instances of tho scolices having mfeﬂ
the mtestinal wall and caused perttonitis have been re And finally
the oysticercl of 7 soltum may develop in man, ay they do in the wenl
intermediate host, in n;]dy tisxue or organ of the body  As the pathogenesn
nngr:{mptoma produced by each of the two stages of the worm are of an
entiraly different order from that prodused by the other 3 mll bo advisable
to d?c;lbe ;h]em separatcly

¢ adalt worms.—The symptoms uced are irregular and ill-
defined Loss of weight indigestion Andpg;geml abdominal dwcomft:rt
and m allergic indrvidunls perrodic diarrheea may occur  All eomatio sym
toms may be absent, espeaially n T sagnata infection, but the host may l:
reduced to a state of nourasthema by knowledge of tho presence of the
worm and by the embarrassment caused by the emerging segments, which
may appear at un ted moments on the hosts stockips or ehots In
D latum infection, however there is in cartamn coses evidence of some
mtoxieation produced by the metabolites of the worm. A matrocyiie
anmmia of the pernicious anmua type has for many decades been amsoerated
with this infection Altho the work of Birkeland (1933) seemed lo
cast doubts on the causal relationship between the infectron and the per
nicious ansmia that is very prevalent amopg Finnlsh nabonals more
recent work seems to Bu‘pport the su on that the worm metaboliter
which are of the nature of unssturated fatty acids are capable of producing
anmmia (Wardle and Green 1841) Ansmia hes not been reparted i
Canadian and north Ameriean cases

The cysticerci of T solwum —The onchosphercs having reached tho
blood stream migrate mto the tissuea m any part of the body but appear
to have a preference for the brain tho mussles and the subcataneous tismes.
Here they give rise to a tiasue reaction nnd are oventually
a fibrous capsule of host omgin Within this d host capsule tbe
cysticercus continues to develop the parasitic wall of the cyst beeomes
folded upon 1tself and m some cases produces s relatively large 05 to,}l
centimetre, racemose cystio growth cre is apparently a at wbut
& balance between host and parasite is reached and no further eveloPmmh
takes place for eeveral years but when the paramte dies this symbioss
disturbed the capsule” becomes permeable and fluid enters apd foxd
escapes e0 that there 1s renewed tissue reaction and an increase in the sue
of the parasitic mass at least temporanily Later there is caleifieation ot
the fo body 18 partly or completely removed. The Bfe of the o
is probably very variable but it is probable that they live for “eh
three years b?:gg nftoi]-cfg:ér death at least another fhiree years clajee
before they me cn

The symptoms depend on the ste i which the cysticerel ‘b"‘;miﬁd
and of course on the number present. A henvy invasion may ‘”?nd
ated with pyrexa other gemeral aymptoms of a toxemuo nature 850
pressure symptoms 1f vital tamsue 1 myolved. Generally however aod
symptoms are postponed until the worm dies when further %
taxxemie symptoms may appear  The symptoms asocated w‘u’mo untl!
body effect of the cyaucercigs in thgmt;mues frequently do not develop
the worm fs dead and caleiflcation

The sites where they are most usually reported are (1) mitzb:d'}lx%-
outaneous tissues where they form lumps that are cltmeall mﬁd mental
m the brain where they produce a number of symptoms trom
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changes such ae deterioration of memon to Tachszomian emilepsy and total
mental degenerntion and are recognized by r rav examination, (ui) in the
e« where they mav actunlly be feen in tf)o antertor or posterior chamber
and (1) In other ti_sues such as the museles whero they may be recognized
aceidentalle during z rav examinations or at post mortem

DIAGNOSIS

In trenia infections tlus will usually depend in the finding of the
proglotiid. 1n the rtools or on thewr presenee being reported by patients,
and in D latum infection bv the finding of the eggn in the stools

In T soltum and T saginata wfection  epgs will ocenasionally be found
in the stool  but tht finding mu<t not be expected  The egey are practic
allv 1dentieal and for (hfferentintion one must rely on examination of the
mature or gravad proglottids  Thix ean bt done by flatteming them out
on & elide placme a coverthp over them examiming the uterus and eount
mg ite primary lateral hrnchee 1 T solium there are 7 to 13 primary
Iranches and in T raginata 15 to 20

After unsuceer ful treatment that leaves the seolex in sty proglottid
will ueually reappenr m the stools within three montha
. On the other hand the eggs of D latum
b mav be found 1 the stools but a number of
examinations will have to be earned out before
o negative diagnoss can be madc as they are
extruded by the worm mtermittently In ths
mfeetion proglottids are wot usually found in
the staals 1n on untreated cose they are quite
distinet from the other two bang much shorter
and broader and having an almost stellate
uterua

The presence of cysticerqy may be dagnosed
by the palpation and/or removal of the
tumours in the subcutaneous tigsnes or muscles
by the symptoma they produce when they oceur
in vital tissues or by z ray exammation. The
7 ray examination uires special experience
the cxpowsure ehould that given for bone
visughzation with a shght under EIYOﬂLI‘B The
opacity_may be produced by a caleified scolex
Figure 150 Proglottids of one milimetre in diameter or by a fully

(@) Tama solrum developed ey sticercus as large es two centi

() Fea rogata. metren m length. It will seldom be worth

bwylobothmum taking & skiagram withm @ix years of the
probable time of mfection

It has been said that whenever epileptio fita oecur 1n an adult without
s hutory of injury or a family listory of epilepsy cysticercoms should
alwuys be suspected

PREVENTION

If tho beef pork and fish are properly cooked the cysticerer will be
destroyed (655 C i lethal) and divect personal prophylaxs achieved.

As o measure of general prophylaris in most countries meat 1w
mipected, In the United States two-thirds of the beef that is consumed
by the public is mspected. In 1030 037 per cent of earcasses were found
Inf and were condemned the figure has improved in recent years
Pork i simllarly imspected and m.euﬁmE:k disearded.
It s possible to go one stage further back in the matter of prophylaxs
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PATHOLOGY AND S§YMPTOMATOLOGY

In none of these infections do the adult worms or the encysted larrs
ordlnm-ﬂ?v nvade the host s tissues but they deflect a certain amownt of
the host’s nutriment to ther own use and secrete substances which my
act as toxms or allergins.  Rare instances of the scolices having penetrated
the intestinal wall and caused peritonitis have been rted. And
the eysticercl of T solrum may develop in man uTﬁy do in the wmal
mtermediate host in any tiesue or urﬁn of the body  As the pathogenests
and ptoms producegby each of the two stages of the worm are of an
entirely different order from that produced by the other it will ba advimble
to describe them separately

The adult worms.—The symptoms produced are mregular and ill-
defined. Lose of weight indigestion and general abdominal discomfort
and mn allergie individuals peniodie diarrheea may cccur  All pomatic
toms may be absent especaally in T saginata infestion but the host mnyE
reduced to a state of neurasthenia by knowledge of the presence of the
worm, and by the embarrassment caused by the emerging segments, whih
may appear at un ted moments on the host s stoo or zhoes. In
D latum nfection however there is 1n certain cases evidence of some
mtoxication produced by the metabolites of the worm. macroeyie
anmrma of the pernicious anmmia type has for many decades been associsted
with this infection Altho:e%h the work of Birkeland (1032} seemed to
cast doubis on the causal relationship between the infection and the per
niclous anemia that is very prevalent among Finmsh uaumnl)omn
recent work scems to support the suggestion that the worm metabolies
which are of the naturc of unsaturated fatty acids are capable of producing
anmma (Wardle and Green 1041) Anmmia has not been reported m
Canadian and north American caees the

The cysticecct of T soltum —The onchospheres, having reached
blood stream imgrate into the tissues m any part of the body but eppear
to have a preference for the brain the muscles and the suboutanecus e
Here they give Tise to & tissue reaction ond are eventually ek
a fibrous capsule of host ongm. Within this rigid host capsil
oysticercus continues to develop the paramtic wall of the cyst b-m
folded upon 1tself and in rome cames produces a relatively large 0 e
centmmetre, racemose cystic growth. ere 18 apparently & m:‘:f '
& balance between host and paramte 18 reached and no further d DP“’“‘h
takes place for several years but when the parasite dies, this oo
disturbed, the capaulo becomes eable and flud enters mt_bc e
escapes o that therc 18 renewed tissuc reaction and an mm[ﬁ’cﬂhﬁﬂ i
of the paramtic mass at least temporanly Later there 18 ”{g cystieerct
the foreign body is partly or completely removed The life of fzr Teast
18 probably very varable but it iy probable that they lrve elapee
three ycars bilc:d aftg Lh:ér death at least another three year
before the ome caleff ted

The sgvmptoms depend on the mte m which the cysticerel l;;}.:xl
and of course on the number present. A heavy invasion mn}x;at\.u‘ﬂ, and
ated with pyrexia other general symptoms of a ‘g-’;ummhmfﬂ‘ the
pressure symptoms 1f vital tissue 13 nvolved GmurthY pressire and
symptoms are postponed until the worm dies when fed;'-h the fareign-
toxmmic symptoms may appear The symptoms “’od"é ot develop mbl
body effect of the eyaticercus in the tissues f uently do o
the worm is dead and caleification has oce (@ In the mb-

The aites where they are most usually reported “ﬁ’ recogieed, (s)
cutaneous tissues where they form lurnps that are clinica me mld meots!
m the bram where they produce a number of symptoms
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ana to provent cattle from graming on pasture eontaminated with human
feeces or pigs from eating human freces Regulations to achieva ths wilt
be difficuit to enforco but if meat and pork are mspected froquently and
when found infected vondemned and ng cause of therr meat
nfected 11 explained to farmers the economic aa will pmbab%
to the cattle and pigJ raisers 1 the aamitarly advanced western coun
and they will take the necessary ste However m eastern Europe, and
in Asma where pigs and cattle are allowed to roam freely the preventian
will bs much more difficult.

In the case of D latum though therc are many other definrtive hosts
man 1a believed to be the most important and the prevention of the pewrge
contamination of water where edible fish are caught wall be an cffective
preventive measure

Cysticercosts cellulosa 1 prevented by the immediate and thorough
treatment of all mfceted mdwi%uala and by observation of rigid personal
bygiene eapecially by those who know thaf they are mfected. In certain
circumstances isolation of the mfected mdividual would be justifiable

TREATMENT
Male fern has been tho specific for this mfeotion for many yesrs but
come mmprovement has been cffected reconth i the preparatron, the
standardization and the method of admimstration of this drug.
An_unaopened bottle of the oleo-resm of A:pzdmm;gh.z._maa, or botter
Lstat elatine capsules contaming 10_or 20 minims_each of thws drug ere
(obtained _ The patient_is_given two ounces of saturated sodium suiphate
éolution at mght and next moroing o an empty stomach At 7 00-7.30End
'ngElf~at B.00 aum. (or earlier 1f convenient) one 20-mimm capsule {of
two 10-mifim capsules) that 1 o total dose of mmmxa.'l\whggt’
later » second e purge is gmven and food 14 withheld unt! the pa o
has passed a coprous stool, which mll contamn the whole or most of

Rk of
The dose for young ¢hildren 15 a tatal of two minims for each year

apparent age For gﬁﬁdren of over 100 pounds in welght 25 munims, for
children of 150 pounds and under-sited adults 45 minxms and for {:nhﬂfh'ml dren
over 170 pounds the full adult dose of 60 minims 1a given ths to o
18 divided nto three equal parts each of which 1s grven m & teaspoon!
sugar It

This dosage will effect a oure in about 80 cant of cascn.
patient 1s i?goapltal the stools for the next 48 hours should be kep:
sereened and the debris exammed for the scolex. If this umd%
tho treatment may be repeated m & week. On the other 2 .
atient 1 at home it 15 a nustake to insst on his keepzﬁidnn acﬁmh”’be oo
Rw xtools aa the procedure 1s very distasteful and 1s not ’;ﬁﬁmnhe
effoctively  If he 18 not cured he will know in due course 1:111 be
Tema 1nfections 1f the scolex 15 not removed, proglattids e o paseed
sgn 10 two to three montha tune and in the case of the echPL"““m
there will be a return of eggs to tho stools withn five or ax w! o the

A method of treatment that 1s undoubtedly very saﬂsfascthAnt ol

pomto!ﬂewofthephymcmnuthatprnchaedbyl)r-‘ b adenal
the Tulane Bchool  After o prelmminary saline purge he gives 03
intubation the following mocture —

Oleo-remn of male femn ll:;im
Satursted salution of sodium sulpbats H
Mucllage of aceds :

TWater
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o further medieation 1s necceeary and within an hour the whole worm
veually antact will he paesed  One hundred per cent success can he
expeeted

Of the other drage carbon letruehloride 1 the best nnd after thix
comes tetrachlorethvlene the Iatter is eafer for pereony not under hospital
diseiphine a the tahing of alcohol docs not have to be prolbited The
dosage 18 the rame 8 that given in the treatment of hookworm infeetion
(quod tade) Mukeryi and Maplestono (1943) obtained an 80 per cent
cure rale with the former and gl per eont with the Iatter  These drups
are Jes gats factory from the point of view of the helmintholomet because
the worm arc often dimintegrated when patecd but they aro cheaper
casier 1o obtam less unpleasant to tahe and probably safer than oleo-
resm of male fern It scems very probable that by intubation they woulld
be as cfficacrous & 1 male fern by thia route

It mav be necoreamy to pive eymptomatic treatment also  Any
anrmia arcocinted wilh D latum infeetion muct e investigated from o
bematological pomt of view and treated as indicated It 1s usunlly o
warmevtie tvpe of onrmin for inch marmte ivegexy given by month
and liver extract given erther by mouth or parenterally will be indicated

Crittcercons cellulose —N\o epecific treatment appears to have any
beneficial effect on the pathogenesi  Tlis 14 to be expected as most of
the pathological changes are nseociated with the death of the worm
Surgenl removal is practicable 10 certain aircumstances

Prognosis —In infections by the adult tenie the prognosis 1 exeellent
bt 1 T solwm infection the danger of nuto-infection must bo explained
to the patient  In establlied cyeticereal infeetions howener the prognoss
must alwave be puarded a loenlizaton 1n the bran 1a very common and
may not become evident for many venrn

Generally the prognoms in D latum nfection 19 also good, and even
the eevere anwrma that develops 1n rome <ubjert 14 casily eurable atlea t
1 thosc who have ng bachgrouni of pamiet v anemin

DWARF TAPEWORMS

Geographical distribution —Both these tapeworms are coamopolitan
in therr distribution but Hymenolepis nana shows o patehy distnbution
with here and there hvpercndemic areas eg 1n India and Argentina for
which there is no obvious explanation, H dimtrmuta, of which the rat is
the true definitive host has been reported in man mamly in India Rusia
Japan Italy and the southern United States

ZETIOLOGY

Both dwarf tapeworms hate the same general morphological characters
#a the large tapeworms

Life cycles and morpbology H nana.—The eggs me subaplerienl
30 to 45 microns in diameter they have an outer
vitelhine membranous covenng and an inner shel!
mth small projections at the poles from each of
which arieo 4 to 8 filaments and they contan an
onchosphere with three palrs of hooklets

An 18 ingested by man and after parsage
throughﬁ% stomach the onchosphere emerges and
penetrates o villus m the sniall intestine where 1t
develops into a eyrticercus after about five or
fix daye this Jamva migrates into the fumen
attaches itself by its scolex to the mucous
membrane and develops nto an adult (25 to 40
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Introduction —Trichinons, or infection with the worm Trichinellz

tprwala (Owen 1835) Faillict, 1895 13 1 no renme & tropieal duease The

phieal distnbution m fact indieates that a warm climate has zome

itory offect on the infeetion as it 18 moro common in the northern than

the southern Umited States and 18 apparently absent from large areas m

:—hﬁ h’nqim where 1t is hard to account for 1ts abtence on dietary considera
1ons alone.
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PATHOLOGY 621

The Iife cycle —Encyzted larve arce ingested and tho gnstrie Juice
digests the eyst wall sufficiently for the latvee to cscapo m tho duodenum.
Thev penetrate the mucoss superficially and n from five to soven days
develop nto adults  The worms mate probably in tho erypts the male
dics and is pasred out with the feecen and the female again burrows deeply
into the mucosa and produces 1,500 larvm over o penid of about ax
weche  The larve penetrate the lymphatiea and venules, and eventually
reach the eystemic blood strenma ond como to rest in striped muacle
They appear to prefer muscles such ay thoso of the diaphragm inter
costal spaces tongue larynx and abdomen, that arc constantly active {the
low glycogen content appears to be the factor 0s mauhn inercases and
glucose decreases tho number of larv that will cncgst) but they wll also
encvst in certnin skeletal muscles (e ¢ the biceps) ond rarely in other
organs apd tieuct A boat shaped fibrous capsule 18 formed around the
larva  wathin which 1t grows to about one millimetre in length and lies
curled up. Tho host 1s then caten by another carnivoro and the eycle ia
complete

Man may take the placo of tho host but in this case the eycle will
not ordmanlv bo completed.

UEE CYOLE OF TECLINHIA 3PIRALID
ot N 1 PG
| (L rraa b

Figure 157

Immunity —There 18 evidence that rats arquire an mmunity to sub-
sequent 1nfection after the first mfection ineident  Actunl proof that this
1 tom the cuse of man 18 wanting but the hypothess would explam why
the morbidity rate w so low 1n the prescnee of a high infection rate only
thase who reeesved a heavy doso of infection at the time of their first
cxgomrc would show omy morbidity However larvio of apparently
different ages hove rometimes been found 1n one individunl,

PATHOLOGY

The pathological changes produced i man by this infection can be
convemently divided into three phares  The first phase 1ncludes the period
of mvasion of the infecting larvee their development into adults thelr
mating and the subecquent re-entry of the female into the mucoaa.
mav cause & consniderable reaction in the mucosa with cellular infiltration
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edema some necross of the superfimal la of the mucous membrare
posaibly o little hemorrhage and conmiderable outpourmg of fluld mto the
mtm%al canal,

e second phase commences with the parturition of the female the
mgration of the me through the tissues, ths;;rdestrucuon 1n some tisrpes,
and their coming to rest and cneystment in the musales. When thete come
10 rest in their chosen mte, there is an 1mmediate tmsup resstion m which
eosmophils and large mononuclear cells take a prominent part, later fibro-
)bla.ats appear and a thin flbrous capeuls 15 laid down sround each of the
arve.

This boat shaped capsule containmg the curled up larva lies between
the musele fibres with 1ts long axis parallel to themp Some changes are
enident 1o the surrounding musole swelling of the muscle fibres, prolifera
gg:esof interatitial tmsue or m eome cases degeneratlon of the musele

In other tissues 1n which the larvm are not able to encyst, for :nmtfile
1 the myocardium and the central nervous system there ia evidence that
they will nevertheless migrato and csuse a very conmderable cellular and
wfiammatory reaction to therr toxms which leads to the destruetion of
the farvio and not infrequently 1n eevere infections to the death of the
host.

The third phaso 13 o quescent one cysts will remsin visble for &
very lang tune, 30 years has been suggested (Craig and Faust, 1948), but
as time goes on the surrounding fibrous capsule mes thickened, and
does not appesr to allow much further escape of metabolites, Eventually
tho eapsule mey becomo caleafied and n heavy imnfections these calafied
cysts may cause & coriam amount of muscular dysfunction.

Blood picture.—The ecsmophil eount 1s constantly except
deblirtated subjects It may rme to 6000 per c.nm. (over 80 per cent) I
the acute stages but 1t will tend to decrease later however an
count of 1000 per ¢ mm. or more may bo found 1 an infected subject for
several years

SYMPTOMATOLOGY

the
The severity of the clmieal preture will vary almost exactly with
waght of the nffecﬁon and the vast majonty of infections are Lght ﬂg
symptomless throughout. On the other hand thero are a few mwmd
which certain grave symptoms can undoubtedly be traced to -:ardhﬁbm
cerebral involvement 1n heavy infeotions these reror chincal mantfests

ot bo desoribed here
il JI[lt,tu convenient to conmder the chmeal courso as being divided mto
threestsgmthnteonnspondmu\ghlytot.bathreephaaeeufthapsthofczimj
poture  Firstly there is the gastro-mtestinal stage which may e for
within twenty four hours of the ingestion of the mfected meutsg-:d
geveral days, often overlapping the sccond stage. This first gﬂwﬂmﬂ‘d
ponds to the period of activity of the larve and aduits m the mu ol
the duodenum and probebly emih when the femsle penetrates moro

commeneex to bring forth Jarvm
ond Tho second or the taxamuc stage charactensed by cedems, n"dnnsd uﬂm'
and pyrexia end later by hmmorrhages pan m the mu{ﬁlg n"m the
localising symptoms commences on the seventh to the ten Y it
partantion of the female and lasts as long as she 18 dl?chnrgms mdmmthd"
covers the penod of destruction of the larve in unsaitab emum e
en ¢ n suitable ones a period of perhaps six W The T
mmf this stage mto two periods that is frequently ma
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W mture seems to the writer artifieial e the phase in tho life of the
paru.ite 13 & contiuous onc

The Iast is really the convalescent stage in which the patient as
recovermg from the cffeets of the toxwemia but may have some resrdusal
dusabilitics as a result of the presence of eneysted and posmbly ealmfled
larve

The gastro intestinal stage —It is apparently only In very severe
infections that this stage 12 prominent  In such eascs thero s severo watery
dinrrheen often with vomiting eo that the condition may simulato cholera
and sometimes there i« a Iittle blood and mucus suggesting dysentery In
moderately ecvere infeetion 1n winch the patient comes under medical
(beeryntion only when the sy mptome of the second stage appear it wll
wometimes be poseiblo t6 obtam a Inatory of diarrtheen and ndigestion o
few dave eathier but 1in the majontv constipation will bo reported

The toxxmic stage —The most constent and prominent symptom Is
swelling of the eyelids  The patient may wake up 1n the morning with the
eves completely elosed, and even with adematous conjunctivie everted and
bulging  The rest of the face may also bo swollen and there may be
swellings in other parts of the body ~ Tho conjunctivm are usually injected

The temperature 18 almost constantly raised usually up to 101 or
10 F  _na there is often a remittent type of temperature lasting for
ont two or three weeke or cven longer

There 15 rometimes urticana and other rashes have been deseribed.

As well s eevere frontal headache which is another constant

ptom, lethargy and apathy or enxiety and irritabibity have been

Tved in b conmderable percentape of cases

Cough 1s common and hemoptyss occurs rarely

About the third day after the swollings have a there will often
be pamn 10 the vanous musele groups o that brea becomes laboured
and mastieation and deglutition difficult and in fact all muscular move-
ments particularly after a period of rest, are ul Pamng may be
shght or very eevere and are often described by women as being 2s
ntenss as labour pains  Thoy mav last for one day or for ssveral weeks

In this stago 1f the fever eontinues for & month or so there will be
considerable emaciation and very t weakneas with nervous and mental
svioptoms that suggest the typhoid state

A somewhat unusual symptom hemorrhages under the nails and
extreme tenderness of the tips of the fingers has been noted in about 10
per cent of chmeal cases

In fatsl cmses death tokes piece dunng this second stage

The final stage —In tlns tage tho patient recovers from the weakness
and cmaaation of the toxerma and fever There are often remdual pains
and muscular pains that may persist for many months, and musoulsr
weakness that may last for years. Caleified cysts ean seldom be felt but
con be teen by eareful radicgraphy

DIAGNOSIS

This will have to be consmdercd under four headings (a) clinical and
epidemiologieal (b) paramtological {c) immunological and (d) post
mortem examination.

(e) Clinical and epidemiological —A e¢linical osis is unhkely to
be made unless there 18 an epidemic or the patient givea a clear history
of having eaten raw or mm&u:nﬂy cooled meat that he suypeets but
in either of theso cases the swelling of tho face in the absence of any rens!
or cardiae etuse the febrile atteck in the absence of any demonstrable
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It nture szeems to the writer artificial a  the phaee in the hfe of the
paraste 1 o continuons one

The last is really the convalescent stage m which the patient ia
recovermg from the cffects of the toxmmia but may have somo residusl
duabilities as 8 reeult of the presenee of eneysted and poesibly caloified
larve

The gastro intesinal stage —It 15 apparently only in very eovere
infeotions that this stage is prominent  In such cases there is sovero watery
diarrhern often with vomiting eo that the condition may simulato cholera
and sometimes there 1s a little blood and mucus sugpesting dysentery  In
modorately gevere nfections in which the paticnt comes mder medical
obeervation only when the evmptome of the recond stage appear it -will
sometimes be posuble té obtain a history of diarrhea and indigestion a
few tlave carher but 1n the majontvy constipation will be reported

The toxzmic stage —The most constant and prominent symptom is
swelling of the cyelida  The patient may wake up in the morning with the
cve« completely elored and even with aedematous conjunctivie everted and
bulging. The rest of the face may also bo swollen and there may be
swellinge 10 other parts of tho body  The conjunetive are usually injected.

The temperature is almost constantly raised usuelly up to 101 or
102 F., _nd thero is often a remuttent type of temperature lastmg for
one two or three weeks or even longer

There 18 tometmer urticana and other rashes have been described

As well as eevere frontal Leadache which is another very constant
symptom, lethargy and apathy or anxety and irritability have been
obeerved in & considerable percentags of cases

Cough 18 common and hemoptysms ocours rarely

About the third day after the swellings have ap there will often
be pam in the vanous muscle groupe eo that brea Decomes laboured
amdd mastication and deglutition diffieult and m fact all muscular mave
ments particularly after & period of rest are !  Pams may he
ehght or very eevere and are often descrlbed by women as be as
ntense as labour pains  They may last for one day or for several w

In this stage 1f the fever continues for a month or so there will be
considernblo emaciation and very great weakness with nervous and mental
rymptoms that sugpest the typhoid state

A romewhat unusual symptom Lemorrhages under the nails and
extreme tenderness of the tips of the fingers Lias been noted 1n about 10
per cent of chinieal cases

In fatal cazes death tukes placo during thu setond stage

The final stage —In tlus stage the patient recovers from the weakness
and cmactation of the toxrmia and fever There are often residual pains
and musculsr pamns that may permst for many months, and muscular
weakness that may last for years. Caleified cyata can reldom be felt but
can be seen by eareful mdiography

DIAGNOS!S

Tins will have to be conmdered under four headinga (a) ehmeal and
epidemiological (b) paramtological (¢) mmunologieal and (d) post
mortem examination,

(a) Climcal and epidemiological —A clinieal diagnosts is unlikely to
be made unlesy there is an epidemic or the patient %u a clear hutory
of having eaten raw or 1ently cooked meat that he suspects but
in either of thess eases the swelling of the face in the sbsence of any renal
or cardinc cause the febrile attack in the absence of any demonstrable
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mfection, and the severe oramps in the muscles in the absence of deh
ton and hypochloremia mesbe highly suggestive. A emm);i:u
count mthout any other apparent cause will ndd support to diagnons.

{b) Parasirological —Only by a very unlikely chance will the adalts
or the Jarvam be found m the stools, or the Iatter m the blood or ofher
flmds but the search for enoysted larva m muscle biopsy specimens b
a useful method of diagnoms as meny ay 800 larvm per gramme have
been recovered from non fatal cases The prece of muscle can be ,
gremed between the slides or after digestion m artifieial gastric jmee for

4 hours at 37 C (11da infra)

(¢) Ymmonological —The mntradermal test has been used widely for
demonstrating sub-chmical infection  The most recent techmque gives
results thal are highly specific for this imfeotion although, with lower
ditutions of the antigen false posthives are given 1n the presence of tficho-

halus mfections A blood lin’edpmm test 15 alzo employed 1t m more
diffieult to mterpret and ahould be used only as confirmatory evidence
Te ue—The antigen* is red fy larve extracted from
Mmm gen’ prepal rom deslecated
For the latradermal test the dilution ahoukd bo 1 m 10,000, of whith 02 ecm
injected into the skm of the foreann In s pomtive case a wesl of at leaed
mm mdmmuiermthmdopodu‘ﬂluppeu and ths will be smromnded br
ring of erytbema of at twice this breadth !
A control m which tbe solvent s wred without any sntigen must be dooe at

the mme time
The delayed reaction which may occur after a dolay of 24 hours i Jen

(3
The precipitin tat 19 done with & 1 in 100 duution of the mume antgen. In
s emall quantity of the antigen solution is floated oa top of ao equal

and the reading u made after ons homr m the

is
7
[

L]
amount of the patients serum,
37°C inoubator
Theso tests become positive between the second and thrd weekr and
remain pomtive far several years
(d) Post mortem examination —The dmphraﬁ: is usually the best
source of trichinells larve A piece of this 1s out into a thin alice whih
18 pressed between two strong slides and then exammed under the bow
power leny of the microscope for encysted larve
A more satisfactory method is by digesting the muscles, as follows —
Tadmlqnp—DuuznbamwmmmaofmmdoinMparcmthydmﬁm
acid— 20 eccm 1o & gamme of muodle, overight. The
e shold o poibis be, e, perodiaaly - The drgoaind Tatera) s peed

ass funnel to which a ahort length of rubber tobe with &
Tu:u;Tm Jarvm fall to the bottom of the funne] and can be dnwd

off by opening the stop-cock, A count can o be made by this method.

PREVENTION

thy
Personal hylaxis can be achieved by refraimng from eating ligh
cooked or mggcpoo{wd pork. Refrigeration to -15 C for 24 hotmo“ﬂh
deatroy larve but ordinary refngeration and salting or smolkng will n g
The only effectnne public health measure generally pmcuﬁ; b
wnspection of pork. LigEt mfections are very liable to bo ov:rmn
the fact that the mfection 1 much rarer m fowns where generally dert
tion is adequate than m the country districts where 1t 13 not 18 €¥1
of the value of this p
Education and propaganda &mo small plg rawers l;lh mﬂﬂpu;!’r
districts to discourage raw garbage fi and to encourage the pro

* Prapured antgen can be obtained from Eli Lilly and Co and probably other
Arug manufacturen



TROGN 0=13 625

b po 1l of mg vireern and of the caren of of pip dving of dieac 1
mportant  Rat also bemng common hods should e de troved or at
lea t kept awny from the ammal food store

TREATMENT

No epeerfie for thi infection 1 known and from the nature of the
fection and the difficults of early dineneat it ecems doubtful whether
a specific would be of vers great volue were one i emvered wnler it
were capable of hillmg the encvated lame in the muselex  Treatment
mu t therefore e svmptomatie and palliative

The administration of enleim an the form of ealelum glueonate for
cxample has been sugpe ted 1in order to ha ten the cneaysulation of the
larvee

PROGNOSIS

Tt must he obvious that the prognosr in the vaet mojority of cosex 18
cxcellent as they do not show anv symptoms at all  On the other hand
m the very heavy infections i whl:?gmtm-mlcatmnl symptoms appear
the prognoms thould be guarded as mansy deaths havo been reported In
such caser the abeenee of a high comnophilia 12 o bad prognrostic mgn.

It has been c«timated that 5000 lanm lilogramme of body
weight will usuallv prove fatal However Sgrlurvm per gramme of
muscle have been recovered by biopsy 1n a non fatal case  The two stote-
ments are not neeee anhy contradictorn

REFERENCES
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FPPREEG S

Introdaction —Filariags 15 the term applied to the infestions and to
the disenses caused by the infections, in man and anmmals by certan
nematodes of the super family Filarioidea that were at one time generally
placed n the now superteded genus Filaria namely —

Wucherena bancroft: (Cobbold 1877) Beurat, 1921

Wucherena malay! (Brug 1927) Rao and Maplestone, 1040

Loa loa (Cobbold 1864) Castellan: and Chalmers 1913

Mansonella orzard: (Manson 1897) Faust 1629

For the other two important infections by pematodes of the super
family Filarioidea namely —

(3nchoczrca rolvulus (Leuckart 1893) Railliet and Henry 1910

Acanthocheilonema perstans (Manson 1891) Railliet, Henry
Lan n, 1912

¢ words onchocerciams and acanthocheilonemiasis are commonly
used although both worms are often referred to as filarial worms.

The morbid ehanges that oceur m filanal infections are brought about
by the mature ]nr;'lua nndhthf ndlﬁg wormndpum;g tﬁ)r;u]gh arhlodgins in ~
the tiesues especially in the Iyphatics and causing reactions

Afansonella ozzards 3 cou$ﬂ.ned to the Americas where 1t has a Limited
distribution m northern Argentina 1n the countries along the north coast
of South Ameniea 1n Mexico and in the West Indies The adult worm?
Irve in the body cavities and apparently produce ne symptoms. Th?
microfllane are very unsheathed and very mmular to those o
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Acanthocheilonema perstane The anfection Tin been transmutted expert
mentallv by the gnat Culicordes furens

Acanthochcilonema perstans has o wide distribution 1 tropieal and
northern Afriea and m the cosstal aren of tropieal and sub tropieal South
Amenen.  The elmical condition that 1t produces 1a jll-defined and many
worher< believe it to be n non pathogeme paramte  The microfilarm are
un.heathed mouch finer (lres than 5p) and ehorter (less than 200x) than
thote of the pathogenic filarwe and should never give mae to confuion
The intermediate hosts are speeics of Culicodes

No further reference wall be made to either of there two infections

FILARIASIS DUE TO WUCHERERIA BANCROFTI

Hustorical —Altbough flanaes in 1t roweet manifestations wa  meationed by
ancknt Indian wnters the {erm  elephantiams  was lm”i fint used by
Cela to indieat Jeproer and later by Galen to indiente both beprosy and true
clephantinsl A third diseaes Madura foot, wa ale gencrslly eonfused with
leprosy and clepbantts 1« until about the eighteenth century In 1750 Hllary
eve a foll aud lzod aeenunt of the clephantord lex wherein be cleardy differ
cotieted this diease from | proer Th _elaraeal researches of Dansleen and
Boeck m 181% on leprowv and those of Vandyke Carter m 1860 on mycetoma
establishrd clearly the true pature { those two dowaser and ther distioction
from cne another and from flarisms.

EPIDEMIOLOGY

Geographical distribution —Of the human filanal parasites Wucher
cria bancroft: has the most extenmve distribution n the tropies and sub-
tromes and oecure 1n repion from gbout 42 N to sbout 38 8 in the
eastern hemisphere and from about 30 N to 30 8 n the western hemusphere

In Amenca the infection is common in Central America 1n the West
Indies 1n British Dutch and French Guana Veneruela Braml Peru and
Columbia  In the United States a conmderable focus of mfection probably
ongiaily troduced from Afriea wes discovered m South Carolina some
Jears ago but no fresh cases have been reported 1n recent years 1t probably
does not oecur cleewhere

It 1 common on the west coast of Africa n Madagascar and the
thbc\mnﬁ\ 1land of Mauntius and Reunion in East Afriea and in
EEY]anﬂd North Afriea.

_— Europe, 1t i reported to occur in 8pamn (Bareelona) Hungary and
oy

In Auscralasia 1t 1s common 1n New Guines Papua and other islands
and i occura along the northern and esstern coasts of Austraha It ls
extremely common throughout the Pacifio islands such as S8amoa and the
Friendly Islands Fiji and the Gulbert and Ellice groups of slands

In Asa it is especially valent 1n Arabia India Ceylon Burma
the Malayan peinsula the mlppmea and the ilands of East Indies
southern Chins and southern Japan In some of these areas over 80 per
cent of the population arc infected.

In India the infection is extremely prevalent but it 1 more or les
confined 1o the ecastal regions and ta areas along the banks of the important
nvers  West Bengal Orssa Travancore Coclin and Malabar are the
most heavily infected areas (microfilaria rate over 20 per eent to over 30
per cent) Al these are low flat countries that have & hugh rainfall they
are water | for many months each year and the temperature and
humidity are high for over half the year conditions are therefore
Yery favournble for the breeding of mosquitoes and for the transmission
of the infection The moderatcly infected region (muerofilara rate between
6 and 20 per cent) include the rest of the east coast of India East Bengal
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Females measure from 50 to 100 mm. 1 longth and from 0.2 to 0.3
mm breadth The tail tapers graduslly the tip 1s rounded 'The ::l:ﬁa
opens about 0.2 mm. from the ttp of ‘the tail The vulva opens on the
ventral surface sbout 06 mm to 1.3 mm. from the anterior end. The
‘aging 11 & muscular tube forming a loop with a pyrifarm enlargement, snd
ands m the uterus the distal end of which 15 generally found filled with
fully extended embryos ready to be discharged. At 1its proximal end, the
uterus 15 divided into two branches which occupy the greater portion of
the body and each ferminates towards the tail end In an ovary Each
bmn{:h of the uterus contains eggs and embryos in various stages of develop-
men

The ova and embryos —These are found 1n the posterior end of the
uterus  Thewr dmmensions vary gccording to the stage of their develop-
ment when fully developed they measure about 40 microns m length and
25 microps n breadth. The ovim does not possess a true shell but only a
membrane which becomes stretohed to form the so-called sheath of the
microfilana

The measurements of the individun) microfilarie (embryos) of Wucher
ena_bancrofts m ordnary thiok amears when glotted on graph paper
exhibit a emooth curve and thers is no marked difference m their measure-
ments 1n the wet and the dry states the average length of the embryo
itself 18 200 microns, the breadth 6 to 7 microns while the length of the
cheath 15 359 microns (Iyengar 1839)

The embryo shows
well marked  cutioular

striations  The cephbalic

space 18 geperal

amaller than the bread @
of the cmbrmo 1n ths

region. The tal tapers

graduslly to a rounded

tip and 1s free from

nucli @ od ¢ e ’Qf

1e e O
KA adult :’.d

parasite.— The
filarial parssites hve m
the lymphatics of man
rnaml);'m 1o those of the
Ivic regon. They are
Emwu to Inne there for
o consderable period of
time without producing
obstruction to the ]ﬁ
phatio cu‘cullat;on ]
vid female diec
gegbryoa pez-zod.lh::‘xar.ﬁea
these embryos reach the

blood stresm and cir
culate there The Fwure 188 Shomsg

\

|

the ¢ycie of infection from raan
man As haman et

through
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Fiji and certam other Pamific 1 land where they ehow no special periodieity
Thev do not develop further i the blood but are taken up by the inter
medinry hoet the mosquita where the next stage of development ocenrs

Ordinanlv s drop (20 e min) of penpheral blood of an infected inds
vidusl may eontan anvthiog up to 600 embryos It ha heen found that
while a moderatelh high coneentration {about 156 embryos ner drop of
blood) is nece arv for the rucees ful tran mu «fon of the infection a much
Ingher coneentration of nuetofilane 10 100 or more cubryoe per drop 1
fatal to the mo nmto

The development of the filanal embryo 1 the intermedinry host the
mowqurto may be brefiy descnibed as follows ~—

A the mosquito feeds on the blood of an infected individual the
cmbryea (microfilanix) are taken in by the mosquito and enter its stomach
With the progress of digestion in the stomach the blood plasma becomes
thichened At this stape the cmbryos cscape from their sheaths and
enter the thoracic remon of their morquito host It has been shown by
Tveogar (1839) that within ten minutes most of the embryos enter the
thorax and he in between the thoracic muscle fibres where at first they
are comparativelv mactive  After two davs the first larval stage embryos
meacure about 124 to 200 micronst by 10 to 17 microns Many changes
tale place mn the structure of the embrvos and the tail becomes reduced
to & ftump (rau npe staget  After tho third day the development of the
bodv cavity ceeophagus and the anus takes place and ot the end of soven
davs the larvwe (recond rtage) menwure 225 to 300 microna by 16 to 30
mieron.  Caudal papille are now obeerved

Duning the second weck moulting occurs and under optimum condi
tlons the metamarpliost 1 complete by tho tenth or eleventh day The
mfeetive third atage (filanform) larve which now measure 1,500 to 2,000
tuerons by 18 to 23 micron  =how an alimentary canal and a tr1 lobed
tal  They leave the thornx miprate to the proboscis and eventually
reach the Interior of the labium  They are generally seen to move
When the moequuto feed  the lanve e~cope ot the junction of the labium
with the labella and enter through the puncture made by the mosywto or
even through the unbroken skin

The larvee find their wey wnto the peripheral lymphaties Their sub
tequent, progress and eventual fate will depend to a t extent on the
bost s reactions but under conditions of perfect symbios the eyels will
be leted as follows  The larvee migrato centripetally and eventually
reach the large lymphatic trunks where having developed into male and
femalo adulty they mate [ho female discharges the mucrofilarie which
are carmed via the lymphatic trunks nto the subclavian veins and the
eystemis cireulation

13 the outline of the cycle ax 1t octurs when symbiosis 18 perfect
and 1t aceounts for nonc of the pathogenesis associated with the wnfection
when the host s tusuer react to the prerence of the worm these reactions

In Fin, A7des ws whel 1 a dirnal feeder 19 the important vactor and the
microfar by

are found jn the blood througlout the 24 hours 1n this snd other Paaf

wlands  Many theorses have boen put formard to_ rplain the mechanism of this
perodldty—that it is dus to Liht, direetly repolling embryos or ad ersel
Uetting their activity to the mactvity of the bost at night to chémotaxm from the
bite of the mosquito to defective axyren "p‘ilﬁn or to mid-day partuntion of ths
worm and the daily death of the microfilan» (Lane 18X3)—but no theory 13 ntirely
lhdl:tur{{ ‘Tha ibough unlikely theory mid-day parturtion—
which {tan] requires further etplanation—tas been dupro ed by ecvera] workers who
bav shown that even In nother host the hife of the mucrofilari is over a week.

It the host changes his habits and eepe during the day the microfilanes tht
Es hathours will ehange their penodieity conexpondmgly in about three days
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and theirr
Pnti:ulggy&ﬁe“ on the eycle will be deseribed bolow under the heading of
t is however posmble that m some matances after the adult worm
have mated, they, or at least the females migrate centtifugally to the
Iymphaties of the cxtremrties and genitals for parturition. This hypothests
—for which there 15 analogy but no experimental proof-—wnuldyioelp to
explam certam observed phenomens, though it is baleved that these can
be explained almost as on other grounds (vide tnfra)
ram the entry of the mature larvm to the appearance of micro

in the blood of the host is usually stated to be g ut one yeer bat th
Is evadence that the interval may be muck lo

Correlavon between filarsal infection :nﬂhdﬂ disease.—It h no
longer necessary to discuss this from the pomt of view of establishing the
causal relationship between filanal infection and the varous elinieal man:
festations of the disease for the subject is only one of histaries! interest,
a3 far as the commoner chnical manifestations of filamasis are concerned

Many of the early workers, eg Low (1608) and O'Connor (1823),
noted the correlation between the incidence of flarial diseass and the
blood microfilana raté
m the commumty, and
recently Iyengar (1938)
found & tive correla
tion o1ent of 0 7644
between the microfilanal
rate and fillaral disesse
m 216 locahties in
Travancore (India) In
chyluria due to filaral

ection, muerofilanm
are mruuily found m the

them 1n 78 per cent of
their cases
muﬂ%&i&mfmhﬂ% Figure 189 Microfilarie of the jmportant filarm] wormi
observers have found & Sheathed Dnsheathed
very defimte negative (1) Wucherera bamcrofte ((:)) A axsonalls orsards.
correlation botween  (3) Wncharena moloy Acanthockelonema
blood mlgmﬁlﬁnl hﬂl 2:;‘15 ®) Loa loa (®) Drohocercs volndss.
and elephan
tlss!thd ma‘tmdegal. Tn India Acton and Raeo (1930) found mierofilane
m only 67 per cent of cases of frank filanial elophaniinms whereas they
found them m 14 7 per cent of the saymptom free population of the anm.:
ares. InupoLﬂﬂhﬂnmwmchthmwunmﬂparmtﬁhrmldmm
rate, Rao (lgfl) found a microfilarin rate of 84 per cent in thoes ]
ulepfn.uhuu agrinst 54.3 per cent m thase without §t. And Iyengsr (138
M 8n nvestigation i several localities m India involvng over ;’;ﬂd
thousand persans of whom over five hundred had clinical filarzests, f ¢
that the microfilana rate was on an average about threo times 22 gres
thoas showing no clinical evidence of the infestion as amongst

th timals
thmeﬁ‘: mmmon for the higher miernfilara rate in subjeets
without cliueal lestons, nemely that the }ymphnﬂc channels are mﬂjm“mc .
seally blocked by the worms and the reaction that they cause so Lo
microfilarim can get nto the cirenlation (wnde mfra) ecems ecar
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wequate to necount for thi very etmking difference Tt scerus that one
nu t v ualize & gencral reaction of an sallerme or an antibody  nature
m the part of the host otherwi ¢ one would expect the worms in those
trea where the blocking wa na yet incomplete to provide rome micro
ilare  On the other ﬁnnd the abeence of microfilarie noted in the
arlieet etages of infeetron 12 almost certainly due to the immaturity of
ke werm. and/or to therr failure to mate

Conditions favourable to the development of the larve in the
nosquito —The stages of the development of the larve of Wucherera
»anerofti in morquitoes  outhned above require a mean atmo phenc
emperature of about 80 F and a humidity above 60 per cent  Laborato
sontrolled expeniment by Rao have shown that the development of the
larvee o the morquito depends directly upon temperaturo and humidity
the optimum conditions for the development have been found to be a
combination of 80 F with 90 per eent humidity  Under these condition
the parasite 1a found to complete its full development 1 the mosquito
within scven davs  Observations carmed out mn India (Caleutta and
Cuttack) and in China have thown that the times for devclopment 1n the
motquito undet natural conditions vary according to the temperature and
humidity {rom two weeke in the summer to three weeks or more in the
winter monthe  Delay in the development of the filamal embryo 1o the
mosquito reduces the chances of the infection being transmitted because
tﬂ many instances the embryo will fail to reach the third larval the infec
Ve stage

Intermediate hosts —Culer fatigans 18 the common host n pt
India South China, Formosa Celebes the East Indies the Phulippines
Aurtralia the West Indies and Brasil. In mosquitoes of other species and
genera the complete developmental cycle will take place and one must
assume therefore that they are potential vectors In some instances eg
A2des vonegatus var prcudoscutilans in Fiji there are known to be the
@cipal vectors  Craig and Faust (1843) gne the following as potential

ors —

Culer pipiens and C pipiens ar pallens (Central Chinn Japan and

} C habilitator (St Crowx, West Indies) C fuscocephalus, C
whitmorer C annulirostry C als and C vushmu (21l from Dutch Fast
Indiey and Celebes) Acdes agypti (West Africa, New South Wales St
Crox and Vest Indies) A#des tamegatus (Pacific 1alands) Aédes togor
(Uapan) A teomorhynchus (St. Crox West Indies) Tamorhynchus
pseudotitilians (Malaya) Af umformus (Central Afmen) Al justaman
sona (Branl) Arnopheles albimanus (Ceribbean area) A albitarns
Braul} A4 gambie 4 funestus A rhodemensus A squamosus (Slerra
) A alperiensu (Tunis) A hyrcanus var mgermmus (Travancore)

A hyreanus var sinenyts (Shanghai} 4 barbirostris A subpmetus (both
freth and brackish water pes) A paendojamen (ramsayi), A raruna
A phiippinensns A lz?uc A annulans (fuliginosus) A stephens
4 sundarcus (all in In in) A agmictus (North Queensland) A barbirostris
Yar bancrofts (Dutch Enst Indies and Celebes) 4 acomitus (Dutch East
Indies and Celebes) A punctulatus (New Guinea and Celebes) and
probably A maculatus (Colebes)

It stems pomible that the microfilurie that are retained in the thwues behind
the chetruction In the lymphatic versels, or jn the subcutancow tuwues are actively
gestroyed and de the senntitmg (senew lafo) stimulus, wherras in
bmph vurix chyluna efe the mierofilaris reach the blood stream where the-
crtulate mtil they are obeolets and are subjccted to a gradusl procees of absorpt 1
wifh other crenlating debris Tho ohservation of Ivengar (1833) that the longer the
durition of the cbatruetsem tbe lower the mierofilara rat would support this vi w
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FACTORS AFFECTING ENDEMICITY

The four essentials for transmsson are,
ths
(2 mmgmgaﬁmm&dnnm
?xﬂ v man, end
wa)lmhbetm(ﬁnnd(u') ad (W) and (mi)
ere 14 no reason o believe that ra or sex make
difference m the suscephbility of man tow’m!z?}ou, ar ;ﬁﬂt.b:; number&‘:)’lt
microfilarm that will circulats in hus biood mven therefors the soures of
wfection and mosquitoes of s good transmittin, {of which there
are many) the factors mfiuencing the amount o% m infeetion in any
locality will be
{a} the density of the h
n) the M%Q wran population

(b, of the vector urto lation, knd
{c} the duration of tho penod ;?TgmeMm each year*

But gven & fixed human and & lly varymg quite {eg
Culez fatigans) pogule,tmn filanal meidence will depend not so much oo
(¢} but mote on the length of duration of the comcidence of the favour

able penods In factors (b) and (c) that s on
(d} tha durstios of tha comodsnce between the {or hi extry) of
the moaquito medence and favournble temperﬁ?u‘nkf and hummhmp% cnryes,

The density of the veotor mosquite ulation (b) will d oD
a number of factors which will vary accardpon to thg epectes cancmedmd
bub the seasonal vanations m the densmity also depend to a prest
extent on temperature and humidity angd the same ranges as n the eate
of factor (¢}, namely 80 F to 80 ¥ and over 80 per cent will certamlv
te {avourable far mos:;!.uto breedmg but other contem eous factors
may not be and theretors the peaks do not always ide.

For example in Calcutia the most suitable period for transmisson
is from May to QOctober but the peak of the Culax curve ia later in the
year eo that Calcu@{: 1 #2n area of moderate endemioity whevens
many coastal towns in Bouth India the transmmmon period iasts olmost
me.;shout the year, and such places are hyperendemic

e therelore have the equation
degres of endemutity = a X b ¥ d

It will thus be eeen Whythedlmsehmdmwinhozdlmpimﬁ“]
chmates end in cosstal areas where an even temperature is ths rule,
it 18 seen at its best n denmely populated areas, especially iz wmd:
which the Culex population 1s not controiled and why there is conn
abls variation in the intensity of the endemicity from place to plt;;
withm these areas The more practieal imporisnes of apprecin
of the factors concerned in transmussion wiii be its appliestion to preven-

tion {(wnds nfra)

PATHOLOGY
As m other filamal dueases the pathological changes are caused by
the adult and pre-adult worma pasnng through or i in the tuses
and gving rise to local reactions 1n theso tiysues the circulatmg miero-
filare themselves apparently produce no recognliable bisue reaction
Morbid anatomy —There Is evidence of tusue irmtation fro
pomt of entry of the msture larve onwards The shin around where

‘arnpera! midity main datermining the camphtt
S e brrnmh‘bt%n mmqel?aw:ont‘hn transmishon may s
t of the filarial em o
humidity of 90 per emat and o temperature between 50
tavounsble (vide swpra)
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arve penetrate may becomo thichened hard and red and this condition
wually persists for some days The Iymphatio channcls through which
he larve migrate thow mgns of wntation, apparently as s result of the
wetion of eomo substanco secroted by the larve The tssues respond by
wpertrophy of the endothehalcells of the vesscl walls

When the immature wornd reaches a lymph node 1t must work its way
‘hrough the lymph spaces between tho tral Im and the lymphoid nodules
of the cortex to reach the medulla Dunng this passage considerable local
reaction is caused when numerous mature Iarvm constantly pass thro
2 node the whole node inercases in eize and m a short time it is
sonverted into a mass oY cosmophilic nulation tiesue and no ]on:ﬁar
contains any lymphoid tissue. As the lymph channels are obstructed by
thie granulation tissue Iymph can no longer percolate through the node
nor can the larvem pars throuEh it they are held up distally to the obstrue
tion and there complete therr development In somo instances adult
worms {ail to mate and tho sterc female after Living in the lymphaties
for rome time and causing periodio remotions oventually dies and is
absorbed or caleified  In other cases tho adult worms mate and the female
undergoes partuntion in this sub-optimal cnvironment With the dis-
charge of the embryos the uterme fwd—which 1s expelled at the same
time—acting as n toxin causes lymphangitis and/or lymphadenitis  (In
scctions of tissue contaming worms a large number of desquamated
cndothelial eells derived from the endothelial lining of the vessel walls can
eometimes be eéen at tho sito of the vulval onfice of the worm, which is
close to the head end.) In this way an obatruction 1s gradualiy formed
to the centnipetal flow of the lymph and the pressure rizes in the obstructed
Ivmmph channels

The gravid femalo gives birth to living embryos intermittently
probably for a few days in each month and this 1 the most likely explana
tion for the periodiaty of the fchnle attacks and other allergic signs and
qr"t)?toms both local and general. When the gravid female ceases to
produce embryos toxins arc no longer excreted to the same extent nnd
for the time being the inflammation subsides

The pnmary factor in the mechameal production of lymph vances is
this intermittent rise and fall of tho lymph pressure Clinwcally such
vances are scen most frequently 1 lymphatics that are supported by locse
tizsue such as those around the superficial lymph nodes on the nner aspeet
of the arm ete or when the decper lymplatica are involved the abdominal
plexures and those of the spermatic cord (vide nfra)

The local reaction to tho presenco of a forcign body mm a lymphatic
1cetel or 10 a lymph node may be such that the mature worm or even
the ymmature worm 14 strangled or such worme may die of old age or
for some other remson When this occurs thero 1s an infiliration of
lympliocytes plasma cells and cosmophls and the formation of giant
cells which destroy the worm. Meanvwhile new blood 1ewsels are formed
1 the pranulation tissuc fibroblasts appear and eventuslly the remains
of the worm are encapsmlated and may become caleiflied.” Tlus process
may be assotiated clinieally with a sh local wnflammatory reaction and
in some eases with a febrile attaeckh. ter there will always be scar
formation which will further interfere with lymph flow n this region

When the lymph flow 18 thus obstrueted in tEe distal parts of the lymph
system, the Iymph pressure increases at first the deeper lymphatic vesscly
dilate then those of the subcutancous tissues and finally the skin
lymphaties Lymph ceases to drain from the {1.sues and the part becomes
progrezsively more swollen  Figures 1 and 2 (plate \NII) show this
dilatation of the surfaco lymphatics and the separation of white fibrils and

Toe

L3
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muscle by the vmph in the tirsues  Such pissue 15 Lno
tissue and when one cuta into 1t the lymph exudes and tbo‘;-nwun; clg)ulfbﬂy

In course of time the fibroblasts i the blubbery shin mu]t]p}yxrud
form new fibrous tissue which makes the skan dense and hard—the typreat
elephantosd skin  The fibrous induration exténds deep down 1nto the fower
layers of the skin ns far as the sweat glands interfermg with the lymphaties
in that region and producing cdema followed by fihroas around the sweat
glands wiich aro eventually destroyed so that the skin m elephantians
is always harsh end dry  In the meantime tho surface hypertrophy of the
epidermis becomes more and more marhed and “iasures oceur in the 1)
developed horny Iayer and allow micro-organiams to mvade the cormum.
In these very large warty elephantoid hmbs repeated sttacks of inflamms
tion originating at the surface and due to secondary bactena) mfection, are
extremely common and inerease the loeal hypertrophy

When the abstruction 15 m the deeper lymphaties the lymph u
dammed back causipg lymph vances of the abdominal plexises and
spermatic cord, these mey rupture into the pentoneum, kidney bladder
or tumca vaginalis caumng lymph asates lymphorta, and Iymphoctle or
if the obstruction 18 proxymai to the receptaculum chyli tins wili lead toa
reflux of chyle mto these plexuses nnd 1f they rupture, chylous asotes
cbyluna or chylocele will result

The entrance of more and more mature filarle to these dilsted
tortuous lymphatics keeps up the wntation of the vessel wall ro that
the endothelial cells hypertrophy and form a vascular granulomatous man
which projects mto the lumen like a paplilomatous growth The slightest
trauma is likely to rupture the blood vessels m these papillomatous growths
and cause bleeding into the lymph vessol with the production of hamarora.
bamatocele eto

When the back pressure extends to the Inctesls these may diate and
eventually rupture into the intestinal tract this reflux flosr of chyle may
causs chylous diarrheea, but a much more senous sequel will be mfection
of the dﬁnted and damaged lacteals, from which infection may spread
backwards to the larger lym) a ro that when they rupture,
eeptic complications are likely to follow

As long as the lymphatic obstruction 1t only partial or wtermitient
muerofilarre wall find their way mto the blood atream but 1f it 1 complete
the larve aro confined behind the obstruction m the cedematoua an
b te limb and do not appear mn the blood strearn Hence &t W
the rule that, in cases of chyluria and lvmphatio varx of the cord u‘xkl‘\?-f
filanm are almost always found 1 the blood, whereas in elephantiasis o
the lunbe and gemitalba they are frequently not found {inds supra) uJ

The importance of secondary bactenal infection 15 o controvertt
subject Soms workers nclu Leiper (1924) Acton and Rao (1029)
and Grace and Grace (1931) believe that staphylococes] or eireplo-
coceal wnfections play an important part mn all the mfiammators procm
of & filarial attack, whereas others question this snd belleve that st
of the milder inflammatory reactions except thase origmating in the o
can be attributed to the irmtation of the filarial secretions and Oi': e
body of tho worm itself and to an allergic response on the part o ot
bost (O Connor 1832)  All recent work has supported the latter view nl
has often shown the complete absence of septie organufms the 'ﬂ{h’;
mfAsmmatory lemona  The allergic lesions mav be some distance from the
actual worm and the upporting tissues o ound the gemital orgene f%mq
cord and testicle appear ta beé particularly prone to allergie reartion. Wt
ever the more scrrous complieations euth o acute tunpurutmﬂtfm”’;’_bu
poritonitis and septicemia are obvioutt due to secondary infection,
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mav have been lematopenous in ongmin but i more likely to have resulted
from direet infection from some hollow vireu 1nto which the vances have
ruptured

The vanatons in the lesions produced —Various explanations have
bren supgested for the differencea 1n the lemons produced by filaral
infections in different individuals but the following explanation appears to
the wnter to have most support from his personal experience and from
recorded data —

If the compheation of sepsis is excluded thero are two factors con
ceined both of which are vartable namely, (a) the tolerance of the ubject
to filarial motabolites and (b) the intenslty of the mfection to which he
or she is subjected

The human host wall fall into one of tho four following categories —

(1) Tolerant ndinduals eubjected to few wmfected bites their tissues
do not react to the filaral mctaachlea s0 that the migration of the pre-
adult worm and parturition of the ndult cause httle or no reaction, and
no clinical symptoms but microfilanm will always be found in the blood
once the worms reach matunty

(1) Tolerant individuals subjected to a heavy tnfection in course of
tume mechanieal blockage of the lymph nodes may occur causing some
static edema lymph varix or both without necessanly any lymphangitis
or febrile reactions

(i) Intolerant indunduals subjected to few tnfected butes at long

mtervals little damage 15 caused to the distal lymLEh nodes smce th
have time to recover between succesmve passages of the njected larve
of which through thess nodes to reach g::per lymph nodes e.g the
uxta aortic nodes but here there is & local reaction which eventually
eada to blockage local lymph vanx, and chylocele chyluria or botb The
blockage 1n this area is not complete, #o that microfilaris il be found in
the blood It 18 only when secon —usually streptococcal—infection
oceurs that the serous and often fatal acute funiculitls follows

(1) Intolerant tndunduals subjected to many tnfected bitas throughout
the year the distal lymph nodes eg the superfielal ingumal and
epitrochlear aro dama early and obstruct the of filarie which
come to matunty and parturition in the lymph noém of the limbe causing
periodie attacks of lymphangitis and fever 8con the lymphaties become
completely bloched, with resultant elephantiasis none or few microfllarim
can reach the penp}merul blood

There 10 1o reason to beheve that tolerance 18 a fixed quality and it
seems possible that many persons who are at first tolerant in eourse of time
become mtolerant  Further there will be degrees of toleranee just as there
wll be many grades of subjection to infection and it is not suggested that
thess four eategorics are uhugly defined

Ii now, one of the possible common septic complications is added—
wuch as an infection from the skin surface in elephantiasis or from some
hollow wiscus into which a Iymph or ehyle varix has ruptured or possibly
a heematogenous infection from some septic focus e.g an apical abscess or
bowel focus—or f the rarer complieation of hemorrhage oeeurs it will
lf)e ecen thet a very large variety of clmical manifestations can be accounted

or

Blood ‘pictare.—There 13 no characteristic blood picture in filariasis
With the exception of an wconstant eomnophilia any of the changes that
occur can be attributed to complieations

The sternal puncture count done In a series of 53 cases of fllariasis

showed about normal pereentages for all the blood elements (Napler Das
Gupta and Reo 1840) the low percentage of eosmophil myeloeytes in
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musele by the Jvmph in the tissues  Sueh twsue 15 hnown as blubbery
tissue and when one cuts into 1t the lyroph exudes and the twsue collapse-

In course of time the fibroblasts 1n the blubbery skin multiply and
form new fibrous tissue which makes the skin denso and hard—the typleal
elephantoid skin ~ The fibrous mduration extends deep down into the lower
Inyern of the skan &8 far as the sweat glands terferng with the Iymphatis
1 that retgl}on and producing edema followed by fibroms around the sweat
glandz which are eventually destroyed, so that the skin 1n elephantiams
18 always harsh and dry  In the meantime the surface hypertrophy of the
epidermis becomes more and more marked and“fissures occur w the -
developed horny layer and allow micro-organisms to mnvade the eorfum.
In these very large warty elephantoid imbs repeated attacks of nflamma
tlon originating at the surface and due to secondary bacterial infection are
extremely common and inerease the loeal hypertrophy

When the obstruction 1s in the deeper Iymphatics tho lymph n
dammed back, causng lymph vances of the abdomnal plexuses and
spermatic cord these may rupture mto the peritoneum kidney bladder
or tunica vaginahs, caumng lympbh asates, Ilymphuna and lymphocele or
1f the obstruetion is pronmﬁ{ to the receptaculum chyly this will Jead to2
reflux of chyle mnto these plexuses and 1if they rupture chylons asates.
chyluna or chylocele will result.

The entrance of more and more maturo filarue into these dilated
tortuous lymphaties keeps up the imtation of the vessel wall o that
the endothelal cells hypertrophy and form a vascular granulomatous mass
which projects into the lumen like a papillomatous growth. The shghtest
traums Is likely to rupture the blood veasels 1n thess papillomatous growths
and cause bleeding mto the lymph vessel with the production of hamaturia.
baematocele eate

When the back pressure extends to the lacteals these may dilate and
eventually rupture into the intestinal tract this reflux flow of chyle may
cause chylous diarrheea but 8 much more serious scquel will be mfectmg
of the daated and dameaged lacteals, from which infection may sprea
backwards to the larger lymph 1 eo that when they rupture eenomt
teptic complications are hikely to follow tent

As long as the lymphstle obstruction 1s only partial or intermi e
microfilanz will find their way into the blood stream, but 1f it is comp y
the larve are confined behmd the obstruction 1 the cedematous ;:nu
hypertrophie Lmb and do not appear 1 the blood stream. Hence o
the rule that, 1n cases of chyluris and lymphatio varx of the cm'dﬂ:;;1 of
filarim are almost always found 1n the blood whereas 1 elephan
the limbs and genitalia they are frequently ot found (e mmlmm,

Tho importance of secondary bactenal infecton is a contm(lm)
subject Some workers including Lewper (1024) Acton and Rao i
and Grace and Grace (1631), believe tlat staphylococeal or treper
coceal mnfections play an mmportant part in all the 1nﬂ:.-u:unuatoryﬂ):ﬂl":'('t f”m
of  flarial attack, Wwhereas others question this and believe the akm
of the milder mflammatory reactions except those origmating 10 d of the
can be attributed to the irmtation of the filarial secretions an o the
body of the worm itaelf and to an allergic response on the part of L
host (1) Connor 1932) Al recent work has upported the latter WiF fo
has often shown the complete absencc of septic orgamsms In ‘from the
mflammatory lemon. The allergic levions may be =omme distance %% the
petual worm and the upportmg ti rues a.ound the gemital Om:?un How
cord and testicle appear to be particularh prone to ollersic :CM fumeuliti
ever the more sertou complications such a acute ruppural ‘}Jguon which
pentomtis and septiewmis are obviously due to secondarv infec
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mav have been heematogenou. an ongln but is more likely te have resulted
from direct fcction from eome hollow viceu 1nto which the variee have
ruptured

The vananons in the lestons produced —Various explanations have
heen ruggested for the difference n the lesions produced by filarial
mfections m different individuals but the following explanation appeara to
the writer to have most support from his personal cxperience and from
recorded data —

If the complieation of sepms is excluded there are two factors con
ceined, both of which are vanable namely, (a) tho toleranee of the ubject
to filarinl mectabolhites and (b) the hﬂcnaity of the winfection to which he
ar ahe 18 subjected

The humen host will fall into one of the four following categories —

(1) Tolerant winditnduals subjccted to few wnfected bites thelr tisaues
do not react to the filarial motabohtes so that the migration of the pre-
adult worm and parturition of the ndult causs httle or no reaction, and
no clinical symptoms but microfllarue will always be found in the blood
once the worms reach matunty

{n) Tolerant indunduals zubjected to e heavy wnfection 1 courme of
time mechanical blockage of the lymph nodes may oceur causmng some
static adema lymph varx or both without 1ly any lymphangitis
or febrile reactions

{mi) Intolerant indunduals subjected to few tnfected bites at long
intervals  little damage 15 caused to the distsl lymph nodes since th
have time to recover between succesmve passages of the injected larve
of which through thess nodes to reach deeper lymph nodes eg the
im—tn nortic nodes but here thers is a local reaction which eventually

ends to blockage local lymph varx, and chylocele ohylura or both. The
blockage 1n this area is not complete, so that microfilarms will be found In
the blood It 1s only when secon —ugually streptococcal—mfection
oceurs that the senous and often fatal acute funiculitis follows.

{10} Intolerant indunduals subjected to many wnfected butes throughout
the year the distal lymph nodes eg the superficial ingwnal and
epitrochlear are damsa early and obstruct the of filane which
come to matunty and partuntion in the lymph nodes of the limbs cauming
peniodic attacks of lvmtghang*lm and fever Soon the lymphatics become
completely blocked, with resultant elephantiasis nons or few mucrofilarim
can reach the p\:ﬂpi\ml blaed

There is no reason to believe that toleranco 18 a fixed quality and it
ecems possible that many persons who are at first tolerant in courss of time
becoms mtolerant  Further there will be degrees of tolerance just as there
will be many grades of subjection to infeetion and it Is not suggested that
thess four eategorics are sl ly defined

now, one of the possible common eeptic complications is added—
such s an infection from the skin surface in elephantiams or from eome
hollow viscus into which a lymph or chyle vanx ruptured or possibly
o hematogenous infectton from some septic focus eg an apical abscess or
bowel focus—or if the rarer complieation of hemorrhage oceurs it will
lf)e reen that a very large vanety of clmical mamifestations can be accounted
or

Blood ‘picture —There 11 no characteristic blood pieture in filariasts
With the exception of an inconstant eosmophilla any of the changes that
occur can be attributed to complieations

The sternal puncture count done in a series of 83 cases of filariasis
thowed about normal percentages for all the blood elements (Mapier Das

Gupta and Rao 1940) the low pereentage of eonnophil myelocytes in
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muscle by the Jvinph 1n the tissues  Such tissue 1s hno
tissue and when one cuts into 1t the lvmph exudes and thc‘msll}: cl:flm

In course of tume the fibroblasts in the blubbery skin mualtiply and
form new fibrous tissue which makes the sk dense and hard—ihe
elephantoid skin  The fibrous mduration extends deep down into the Tower
layers of the skin as far as the sweat glands interfermg with the [ymphatis
1 that reg;on and producing edema followed by fibrosis around the sweat
glands which are eventually destroyed, so that the skin i elephantiasm
15 nlways harsh and dry In the meantime the surface hypertrophy of the
epidermia becomes more and more marked and “fissures oceur 1n the 1l
developed horny layer and allow micro-organiams to mvade the ecorum.
In thess very large warty elephantord limbs repeated attacks of Inflamma
tion origmating at the surface and due to secondary bacterial infection, are
extremely common and merease the local hypertrophy

When the obstruction 1s in the deeper lymphaties the lymph u
dammed back causing lymph varices of the abdomunal plexuses and
spermatio cord these may rupture into the pemtoneum, kidney bladder
or tunica vaminalis, causing l{mph ascites lymphona and lymphocele or
if the obstruction is provimal to the receptacuﬁ:m cbylr this will Jead toa
reflux of chyle mnto these plexuses and if they rupture chylons asates.
chyluna or chylocele mll result.,

The entrance of more and more mature filarim into these dilated
tortuous lymphaties keeps up the irmtation of the vessel wall so that
the endothelial cells hypertrophy and form e vascular granulomatous mast
which projects into the lumen like a papillomatous growth The shghteet
trauma 1 kely to rupture the blood vessels in these papillomatous growths
ﬁd eauselbleedmg mto the Iymph vessel with the production of hzmaturix.

matocele eto

When the back pressure extends to the lacteals these may dilate and
eventually rupture mto the intestimal tract this reflux flow of ehyle mav
cause chylous diarrheea but a much more serious sequel will be mfection
of the ted and damaged lacteals, from which infection may spread
backwards to the larger lymph vessels so that when they rupture senout
septic complications are likely to follow

As long es the lymphatio obstruction 1s only partial or intermittent
microfilari will find thelr way into the blood stream but 1f it is mmpldfd
the larvee are conflned behind the obatrélheu%?ogg tt};gnmde%ﬂ;’x fh
hypertrophic hmb and do not appear 1n the stream.
the rule };hut m cases of chyluria and lymphatic varx of the card muro—f
filanm are almost always found in the blood whereas i elephantiamt o
the limbs and gemitalis they are frequently not found (wde eupra)

The importance of secondacy bacteral infectton is a con 1)
subject. Some workers neluding Leiper (1924) Acton and Rao ( o
and Qrace and Qrace (1831) Liove that ataphyloeocesl or strept
coceal nfections play an umportant part in all the inflammatory p st
of & filaral attack whereas others question this and believe ﬂlgt fan,
of the milder wflammatory reactions except thote origmating in the t5
can be attributed to the umtation of the filarial secretions and Df ihe
body of the worm iteelf and to an allergic response on the part o and
host 1O Connor 1832)  All recent work hos nupported the Lut(cr(‘l;lﬂ'\'wlr
has often shown the complete nbscnce of septic orgamims 10 fem the
mflammators lemons The allergie lemions may be some distance fro e
actual vorm and the supportmg tissucs a.ound the penital organ ff{m
cord and testicle appear to be particulariy prone to allergtc ““Mt}oni "
evor the more ecrious complications sguch n acute mppumtmat un whith
penitonitis and septicgnua are obviou Iv due to econdary nfection
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matv have been leematogenou 1n ongin but 1 more likelv to have resulted
from direct mfection from some hollow vieu nto which the vanees have
ruptured

The vananons in the lesions prodoced —Various explanations have
heen suggested for the differcnces in the lealons produced by filarial
infections in different individuals but the following explanatlon appears to
the writer to have most support from his personal experience and from
recorded data —

If the complication of sepsis 1s excluded there are two lactors eon
cerned, bothi of whieh are varable namely, (a) the tolerance of the subjeet
to filarial metabolites and (b) the intensity of the mnfection to which he
or she is subjected

The human host will fall into one of the four following categories —

(f) Tolerant indurtduals subjected to few tnfected bites their tissues
do not react to the filarmal metabolites so that the migration of the pre-
adult worm and parturition of the ndult cauee little or no renction, and
no chnical symptoms but microfilanm will always be found in the blood
once the worms reach matunty

(1) Tolerant individuals subjected to a heavy wnfection 1n courrs of
tume mechanical blockage of the lymph nodes may ocour causng some
static edema lymph varix or both without necessarily any lymphangitis
or febrile reactions

(i) Intolerant indunduals subjected to few wnfected bites at long
wntervals  little damage 15 caused to the distal lymLEh nodes since th
have time to recover between succesmive pasaages of the injected larvie
of which i)au through these nodes to reach f:per lymph nodes eg the
iurtu aortic nodes but here there is a local reaction which eventually
eads to blockage loeal lymph varix, and chylocele chyluria or both. The
blockage 1n this area is not complete, so that microfilan® will be found In
the blood. It is only when secondary—usually streptococeal—mfection
oceurs that the senous and often fatal acute fumculitis follows

(1) Intolerant indunduals subjected to many infected bites throughout
ths year the distal lymph nodes eg the superficial in 1 and
epitrochlear are early and obstruct the of filane which
come to matunty and parturition in the lymph nodes of the limbs c¢ausmng
penodic attacks of lvmphangitis and fever Scon the lyrphatics become
completely blocked, with resultant elephantiass none or few microfilaris
ean reach the penipheral blood

There is no reason to believe that tolerance 1s a fixed quality and it
eccms posaible that many persons who are at first tolerant in course of time
become mntolerant  Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and it is not suggested that
theso four eategonics are nhnr%ly defined

If now, one of the possible common septic complications 13 added—
wich 28 an infection from the skin surface in elephantiasis or from some
hollow vizcus into whiek a lymph or chvle vanx ruptured, or poasibly
a hematogenous infection from some septic focus eg an apieal abacess or
bowel forus—or if the rarer complication of hemorrhage occurs it will
}Je zcen that a very Inrge variety of clinieal manifestations can be aecounted

or

Blood *picture —There 13 no characteristic blood picture in filariasis
With tho exception of an ineonstant eomnophilia any of the changes that
occur can be attributed to compheations

The sternal puncture count done in a series of 53 cases of filariasiy
showed about normal percentages for all the blood elements (Napier Das
Gupts and Rao 1840) the low percentage of eosnophil myelocytes In
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muscle by the Iymph in the tiesues Such tissue 18 hnown
tussue and when one cuts mto it the lymph exudes and the tmsg cliallulubge-n

In course of time the fibroblasts in the blubbery skin multiply and
form new fibrous tissue which makes the skan dense and hard—the typleal
clephantoid skin  The fibrous mduration exténds deep down into the Jower
Iayers of the skan as far as the sweat glands interfering with the Iymphatres
0 that region and producing cdema followed by fibroms around the swest
glands which are eventually destroyed, so that the skin 1n elephantiah
18 always harsh and dry  In the meantime the surface hypertrophy of the
epidermis becomes more and more marked, and*fissures oceur in the il
developed horny layer and allow micro-organiams to invade the corium.
In these very large warty elephantord hmbs repeated attacks of mflamma
tion originating at the surface nnd due to secondery bacterial infection are
extremely common and imcrease the local hyvpertrophy

When the obstruction 18 in the deeper lymphaties the Iymph u
dammed back, causmg lymph vances of the abdominal plexuses and
spermatic cord these may rupture mto the peritoneum kidney bladder
or tuniea Yaginahs causing lymph asates lymphora and lymphoetle or
if the obstruction 18 proximal to the receptaculum chvl this will Jead toa
reflux of chyle into these plexuses and, 1f they rupture chylous mates.
chylunia or chylocele will result

The entrance of more and more mature filarim into these dilated
tortuous lymphatics keeps up the iritation of the vessel wall o that
the endothelin] cells hy pertrophy and form a vascular granulomatous mass
which projects into the lumen like a papillomatous growth The slightest
trauma is likely to rupture the blood vessels in theso papillomatous
and cause bleeding into the lymph vessel with the production of hematuna
hxmatocele cte

When the back pressure extends to the lacteals these may dilate and
eventually rupture into the intestinal tract this reflux flow of chyle may
cause chylous diarrbera but a much more serious sequel will be mfection
of the dﬁated and dameaged lacteals, from which infection msy spread
backwarda to the larger {m:lph veascls so0 that when they ruptore serous
ssptic complications are to follow

As long es the lymphatio obstruction 19 only partial ar mtermiulzettlh
mucrofilaniz will find their way into the blood stream but 1f 1t is cmnpm:i
the larve are confined behind the obstruction 1 the cedematous
hypertrophio lunb and do not appear in the blood stream. Hence it ¥
the rule that, m cases of chyluna and lymphatio varix of the cord mi of
fllanm are almost always found 1n the blood whereas in elephantioms
the lmbs and genitalia they are frequently not found (wde W“Lm,

The importance of secondary bactenal infection is a mtm‘1m)
subject. Bome workers wmoluding Leiper (1924) Acton and Rao (1820)
and Grace and Grace (1031) beliove that staphylococeal or tlrep®
coceal mfections play an important part m all the mﬂnmmatori'u& et
of a filarial sttack whereas others question this and believe ht Tin
of the milder nflammatory reactions except thoss orgmating i ¢ ® F the
can be attributed to the iritation of the fllamal secretions and 2[ e
body of the worm itself and to an allergic response on Lhe( o and
howt (O Connor 1032y All recont work has supported the Iutfer pie 0
hias often shown the complete nbsence of eeptic organiams {r:mt
inflammatory lesions Tho allergic lemons may be rome distance o the
zetugl vorm and the supportng t1 sues n ound the genital orﬂ:}ﬂan How
cord and testicle appear to bé particularly prone to allerge rea }umwm;
ever the more rcrious complieatione such n acute mppum(l?ghoﬂ whieh
peritomtis and repticemia Are obvously due to eccondary nlec
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mav have been hematogenou 1n orgin but 1 more Likely to have resulted
from direct infection from some hollow viteu nto which the vances bove

t:

o The variations in the lesions produced.—Varous explanations have
een rugpested for tho differencea in the lesions procluced by filarial
infections 1n different individuals but the following explanation appears to
the writer to have most support from his porsonal expericnce and from
recorded data —

If the complication of sepais 13 excluded there are two Iactors con
cerned both of which are varnable namels, {a) the toleranee of the subjcet
to filarial metabolites and (b) the intcmity of the infection to which he
or she 18 subjected

The human host will fall into one of the four following categories —

(1) Tolerant tndunduals subjected to few mfected bites thelr tissues
do not react to the filaral mctﬂgzlitu s0 that the migration of the pre-
adult worm and parturition of the adult cause little or no reaction and
no chinical symptoms but microfifarue will always be found in the blood
once the worms reach maturity

(1) Tolerant indunduals subjected to a heavy tnfection 1n courss of
time mechanical blockage of the lyr;]_rh nodes may occur causing some
static edema lymph vanx or both without necessarily any lymphangitis
or febrile reactions

(i} Intolerant indunduals subjected to few wfected bites at long
mtervals hitle damsage 18 caused to the distal lymph nodes since th
have time to recover between succesmve passagea of the injected larvme
of which through these nodes to reach deeper lymph nodes eg the
{urta aortic nodes but here there is a ahnE local reastion which eventually
eads to blockage loeal lymph varix, and chylocele chyluria or both. The
hlockage 1n thix area 15 not complete, so that microfilarm will be found in
the blood It is only when secondnry—umally streptococeal—infection
oceurs that the senous and often fatal acute fumiculrtis follows

(1) Intolerant indunduals subjected to many infected bates throughout
the year the distal lymph nodes eg the superflaial inguinal and
epitrochlear are damaged early and obstruct the of ﬁfgn‘;w which
come to matunty and parturition in the lymph nodes of the imbs eausmng
peniodic attacks of lymtghnngiu_a and fever 8ocon the lymphatics become
completely blocked, with resultant elephantiasis none or few microfl
can reach the penipheral blood.

There is no reason to belicve that tolerance 1 s fixed quality and it
eccms possible that many persons who are at first tolerant in course of tims
become intolerant. Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and 1t is not suggested that
these four categories are ly defl

If now, one of the possibls common septic complications 13 added—
mich ss an infection from the skin surface 1n elephantiams or from some
hollow vizcus into which a lymph or chyle varix Ezu ruptured or possibly
a hrmatogenous infection from some septie focus e g an apical abscess or
bowel forus—or if the rarer complieation of hemorrhage occurs it will
})e eeen that a very large vanety of chinieal mamfestations can be aecounted

or

Blood ‘picture —There is no characteristic blood picture in filariasis
With the exception of an inconstant eomnophilia any of the changes that
occur can be attrbuted to complications

The sternal puncturo count done in a series of 53 cases of filariasis
showed about normal percentages for all the blood elements (Napier Das

Gupts and Rao 1940) the low percentage of ecsinophil myelocytes in
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muscle by the Ivmph in the t1 sues  Such tisue 18 hnown
tiwssue and when one cuts into it the Iy mph exudes and the tl:alt.:el c%lﬁub:f

In course of time the fibroblasts 1n the blubbery skin multiply and
form new fibrous tissue which mnkes the ekin dense and hard—the typreal
elephantoid skin  The fibrous mduration extends deep down into the lower
layers of the skin as far as the sweat glands interfering with the Iymphatics
m that region and producing eedems followed by fibroms around the sweat
glands which are eventually destroyed, so that the skin n elephantings
13 always harsh and dry In the meantimo the surface hypertrophy of the
epidermis hecome# more and more marked and *fissures oceur 1 the il
developed horny layer and allow mioro-orgamsms to mvade the corium.
In these very large warty elephancord limbs, repested attacks of inflamma
tion uﬂf’mﬂtmg at the surface and due to secondary bacterial infeetion are
extremely common and mncresse the local hypertrophy

When the obstruction 1& in the desper lymphatics the Iymph i
dammed back causmg lymph varices of the abdominsl plexuses and
spermatic cord these may rupture mto the pemtoncum kidney bladder
or tunica yaginahs cauming lymph asates lymphona and lymphoeele or
if the obstruction 15 proamal to the receptaculum chyl thi wil lead toa
reflux of chyle into these plexuses and if they rupturo chyloos asates.
chyluna or chylocele will result

The entrance of more and more mature filarim mto these dilated
tortuous lymphatics keeps up the uritation of the vessel wall o that
the endothelial colls hypertrophy and form a vascular granulomatous mar
which projects into the lumen like a papillomatous growth The elightert
trauma is likely to ru})ture the blood vessels in these papiliomatous growths
and cause bleeding into the lymph vessel with the production of bamatuna
hxmatocele ote

When the back pressure extends to the lacteals these may dilate and
eventually rupture into the intestinal tract this reflux flow of chyle may
cause chylous diarrhbeea but s much more serious sequel will be mfection
of the dﬁated and damaged lacteals, from which infection may spread
backwards to tho larger lymph vessels so that when they ruptare seroot
eeptic complications are lik cf to follow "

As long as the lymphatic obstruction 1s only partial or iuta-miulﬂl
mucrofilariz will find their way into the blood stream but if 1t Is comp :;d
the larvee are confined behind the obstructlon 1 the cedematous
hypertrophic hmb and do not appear wn the blood stream. Hence itu
the rule that, m cases of chyluria and lymphatio varx of the cord mxcro;
filarim ere almost always found in the blood whereas m elephantiams o
the limbs and genitalia they are frequently not found {(wde supra)

The importance of secondary bacterial infection is 2 conb'o"ﬂlmm)
subject Bome workers mcluding Leiper (1924) Acton apd Rao ( o
and Grace and Grace (1831) liove that staphylococeal or strept
coceal mfections play an 1mpor£am part in all the mflammatory pwm'
of a filarial attack wherens others question this and believe tbit
of the milder inflammatory reactions excepf those ongmating 1 t Cf the
can be attributed to the imtation of the filarmsl secretions and 31 the
body of the worm itself and to an allergic respon e on the pal'ficw anid
host (O Connor 1932}  All recent work has z-upporlcd the ]ﬂ“crt‘he arly
has often shown the complete abscnce of septic orgamsma from the
inflammntory lesions  Tho allergie Jewon, mav be some distanee o
actunl worm nnd the supporting t1 sues a ound the genital orgT:D fow
cord and testicle appear to be particularly prone to allerme reac }0’:‘"”,,“4
ever the more serious compheations such s acute MIPPUT"““FU“ ot
penitonitis and septicmmia are obviously due to rocondary infection
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mav have been leematogenou 1n orign but ja more likely to have resulted
from direct infection from some hollow vieeu into which the vances have
ruptured.

The vanauons 1 the lesions prodoced —Various explanations have
been eugpested for the differences in the lesions produced by filarial
infections 10 cdifferent indivaduals but the following explanation appears to
the wnter to have most support from his personal experience and from
recorded data —

If the complication of sepais 13 excluded there aro two factors con
cuined both of which are vanable namely, (a) the tolernnee of the subjeet
to filarial metabolitex and (b} the iufcnaity of the infection to which he
or ahs 14 Bubjected

The human host will fall into one of tho four following eategories —

(1) Tolerant indunduals subjected to few wnfected biter  their tissues
do not react to the filarial metabolites so that the migration of the pre-
adult worm and parturition of the adult cause httle or no reaction, and
no clmical saymptoms but microfilarm will always be found in the blood
once the worms reach matunty

(1) Tolerant indnnduals subjected to a heavy wnfection in course of
time mechanical blockage of the lymph nodes may ocour causing some
static edema lymph vanx or both without necessarily any lymphangitis
or febrile reactions

(i) Intolerant indunduals subjected to few tnfected bites at long
mtervals  little damage 15 caused to the distal lymph nodes since th
bavp time to recover between succesmve pasas of the injected larve
of which through these nodes to reach deeper lymph nodes #g the
iu:tu aortic nodes but here there is a aharp local reaction which eventually
eads to blockage local Iymph varix, and ¢hylocele chyluma or both. The
blockage 10 this area is not complete, 80 that miorofilare will bs found n
the blood. It is only when secon —usually streptococcal—mfection
occurs that the serous and often fatal acute funiculrtis follows.

(1) Intolerant indunduals subjected to many tnfected bites throughout
the year the distal lymph nodes eg the superficial in 1 and
epitrochlear are damaged early and obstruct the of fi which
come to matunty and partuntion in the lymph noéca of the hmbs canmng
penrodic attacks of lymtghangms and fever B8oon the lymphatics become
completely blocked, with resultant elephantiams none or few microfilarim
ean reach the pcrip[]ml blood

There is no reason to believe that tolerance 15 a fired quality and it
ecems possible that many persons who are at first tolerant in course of time
become intolerant  Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and 1t is not suggested that
these four categorica are nhnr;lnjly defined

If now, one of the possible common septic complications 13 added—
such ns an mfection from the skin surface m elephantiams or from some
hollow viscus into wlieh a lymph or chyle vm;ﬁu ruptured, or possibly
a hemategenous infection from some septie focus eg an epical abacess or
bowel focus—or if the rarer complieation of hemorrhage oceurs it will
?fn seen that a very large varlety of chinieal manifestations can be accounted

or

Blood ‘picture —There 1s no characteristio blood picture 1n filariasis
With the exception of an nconstant eomnophilia any of the changes that
oceur ean be attnbuted to complications

The sternal puncture count done in a series of 83 cases of filariasis
showed about normal percentages for all the blood elements (Napier Das
Gupta and Rao 1840) the low percentage of eosmophil myelocytes In
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muscle by the Ivmoph in the tissues  Such twsue 18 hnown os blubbery
tissue and when ope cuts mto it the lymph exudes and the tusue colla

In course of time the fibroblasts in the blubbery shin multiply and
form new fibrous tissue which makes the skin dense and hard—ihe
elephantaid skin  The fibrous mduration cxténds deep down mto the lower
Iayers of the skin &8 far as the sweat glands wnterfering with the lymphaties
1 that reg:on and produocing edema followed by fibroms around the sweat
glands which are eventually destroyed, 50 that the skin m el
18 always harsh and dry  In the meantimo the surface hypertrophy of the
epldermis becomes more and more marhed and ‘fissures occur in the k-
developed horny layer and allow micro-argaaisms to wnvade the corfum
In these very large warty elephantoid limba repeated attncks of inflamm
tion onginating et the surface and due to secondary bacterial infection are
extremely common and increase the local h phy

When the obstruction 1a in the deeper lymphaties the lymph s
dammed back causing lympb vances of the abdormnal plexuses and
spermatic cord these may rupture into the perttoneum ladne{;oc)iladder
or tunica veginals, causmg lymph ascites lymphana and lymphocele o
1f the obstruction ia pm\ctmarto the receptaculum chylt this will kead toa
reflux of chyle mto these plexuses and if they rupture chylons asots.
chyluna, or chylocele wall result.

The entrance of more and more mature filarie nto these diated
tartuous lymphatics keepa up the wmtation of the vessel wall wo that
the endothehial cells hypertrophy and form a yascular granulomatous mase
which projects into the lumen like a papillomatous growth. The shghtest
trauma 18 likely to ruptore the blood vessels in these papillomatous growths
and eause bleeding into the Iymph vessel with the production of hematunz.
hxmatocele etc

TWhen the back pressure extends to the lacteals these may dilate end
eventually rupture into the intestinal tract this reflux flow of chyle mav
cause chylous diarrheea, but a much more serious sequel will be ccﬁ‘ﬂg
of the {ed and damaged lactesls, from which mfection may epred
backwards to the larger lﬁ{m h vessels o that, when they rupture senoct
eeptic complications are likely to follow ermitient

As long es the lymphatic obstruction 11 only partial or mt o
microfilanz will find their way {nto the blood stream but if 1t 18 compl
the larvie are confined behmd the obstruction n the cdematous e
hypertrophic imb and do not appesr m the blood stream. H:z;te Ao
the rule that, mn cases of chylurta and Jymphatic varix of tho co MMUO‘I
fillang are almost always found in the blood whereas m elephan )
the limbs and genitaba they are frequently not found (wde suprdmﬂd

The umportance of secondary bactenal infection is & contm(lm)
subject Soms workers noluding Leiper (1924) Acton and Rao reepto-
and Grace and Grace (1831) lieve that staphylococeal or #
coceal mfeotions play an mmporiant part i sll the mﬁamxmztt)l'yu].ﬂl“"i‘t‘t mt'"’
of a filarinl attack, whereas others question this and believe nt T,
of the milder inflammatory reactions except those onguwating 1w dof the
can be ettributed to the irntation of the filanal secretiona an o he
body of the worm itself and to en allergio response on L?Etp‘”;:ew and
bost {0 Copnor 1832) A recent worh has supported the Iat cftbe early
has often shown the complete absence of septic orgamt ‘{” m trom the
nflammatory lemone Tho allergae lerions mavy be some distance %% the
eetugl worm and the supporting tiesues a ound the genital Om:;?an, How
cord and testicle appear to be particularky prone to allergie g funteuht]
ever the more xerious compheations suel n aeute suppura l?g:tmu which
peritoniti. and septicemia are obvioush due to secondary 18
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may have been hematogenou 10 origin but 1« more likoly to have resulted
from drect infection from some hiollow viseu nto which the vanees have
ruptured.

The vanauons in the lesions produced —Vartous cxplanations have
heen suggested for the differences in the lesons produced by fllarial
infections m different individuals but the following explanation appears to
the writer to have most support from his personal cxpericnce and from
recorded data —

If the complication of sepms m cxcluded there are two lactors con
cerned both of which are vamable namely, (a) the tolerance of the subject
to filarial mectabolites and (b} the intensity of tho infection to which he
or she 19 subjected

The human host will fall into one of the four following categorics —

(1) Tolerant indinduals subjected to few mfected bites thelr tissues
do not react to the filaral metabolites so that the migration of the pre-
adult worm and parturition of the ndult cause little or no reaction, and
no clinieal symptoms but microfilarie wll always be found in the blood
once the worms reach maturity

(1) Tolerant indivtduals subjected to a heavy infection 1n coures of
time mechanieal blockage of the ly?;rh nodes may ocour causing some
static aedema lymph varx or both without necesaarily any lymphangitis
ar febrile reactions.

(i) Intolerant indunduals subjected to few infected bites at long
tntervals  Dttle damage 1s eaused to the distal lymLEh nodes since th
have time to recover between succesmve passages of the mjected larve
of which through these nodes to reach deeper Iymph nodes eg the
iuxtu aortic nodes but herc there is a local reaction which eventually
eads to blockage local lymph varx, and chylocele chyluria or both. The
blockage 1n thix area is not complete, so that misrofilanm will be found in
the blood. It is onlv when secondary—usually streptococeal—infection
occurs that the serious and often fatal acute funiculitis follows

(1) Intolerant indunduals subjected to many infected butes throughout
the year the distal lymph nodes eg the superficial in 1 and
cpitrochlear are da early and obetruct the ge of filanme which
come to matunity and parturrtron in the lymph nm the lmbs causing
pertodic attacks of lymEhangith and fever Soon the lymphatics become
completely blocked with resultant elephantiams none or few microfilarim
can reach the peripheral blood

There is no reason to believe that tolerance 18 a fixed quality and 1t
ecems possible that many persons who are at first tolerant in course of time
become intolerant  Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and it is not suggested that
these four categorica are sharply defined

If now, one of the posmible common septic complications 19 added—
suels na an infection from the skin surface m elephantians or from some
hollow viscus into whieh a lymph or ehyle vanx ruptured, or possibly
a heematogenous infection from eome septic focus eg an apical abscess or
bowel focus—or if the rarer complication of hemorrhage occurs 1t will
If)e seen that a very Inrge vanety of clinieal manifestations can be accounted

or

Blood *picture —There is no characteristic blood picture in filariasis
With the exception of an inconstant ecmnophilia any of the changes that
occur ean be attmbuted to compheations

The sternal puncturc count done in a series of 53 cases of filariasis
showed about normal percentages for all the blood elements (Napier Das
Gupts and Rao 1840) the low percentage of eosinophil myelocytes in
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musele by the Iymph m the t1 sues  Such tisue 18 known
tusuc, and when one cuts mto 1t the lymph exudex and the um;.i gﬁfb‘m?

In course of time, tho fibrobiasts 1n the blubbery skin multiply and
form new fibrous tissue which makes the skin dense and hard—ths typieal
elephantoid skin - The flbrous induration exténds deep down mto the lower
layers of the skin as far as the sweat glands interferning with the Jymphabes
m that reﬁmn and produeing edeman followed by fibrosia around the sweat
glands which are eventually destroyed, s0 that the ekin 1n elephantiaps
18 always harsh and dry  In the meantime the surface hypertrophy of the
epidermis hecomes moro and more marked and*fissures occur mn the -
developed harny lnyer and allow micro-organisms to mvade the eorum
In these very large warty elephantord limbs, repeated sttacks of mfamma
tion orginating at the surface snd due to secondary bactenal infection, are
extremely common and increase the local hypertrophy

When the obstruction 1a m the deeper Iymphaties the lvmph i
dammed back causing Iymph varices of the abdomnal plexuses and
spermatic cord, these may rupture into the perstoneum, kndney bladder,
or tunica veginaly, causing lymph asates lymphuna, and lymphoeele o
if the obstruetion 18 proamal to the receptacuﬁu:u clylr this will Jead toa
reflux of chyle wnto these plexuses and 1if they rupture chylons asares.
chyluria or chylocele will result.

The entrance of more and more mature filar nto these ditated
tortuous lymphaties keeps up the wntation of the vessel wall ro that
the endothelial cells hypertrophy and form a vascular granulomstous mas
which projects mnto the lumen like a papillomatous growth 'The slightedt
trauma is likely to rupture the blood vessels in these papillomatous growths
and cause blesding into the Iymph vessel with the production of hematuris.
hxmatocele eto

When the back pressure extends to the lacteals these may dilate and
eventually rupture into the intestinal tract this reflux fow of chyle may
ctuse chylous durrheea, but a much more scrious sequel will be mfcmc?
of the d('luted and damaged lacteals from which infection msy €plea
backwards to the larger Enlph vessels £o that, when they rupture seriost
septic complications are likely to follow ‘

As long as the lymphatic obstruction 1s onjy partml or lntermm:
miccofilanz will find therr way into the blood stréam but 1f 1t in complete
the larve are confined behind the obstruction in the cdematous lﬂb
bypertrophic mb and do not appear m the blood stream. Henet I:m-
the ruls that, 1n cases of chyluria and Iymphatic varx aof the cord m3 o
flanm are almost always found in the blood whereas in elephantiests
the Limbs and genitalia they are frequently not found (wde supra)

The mportance of secondary bacterial infecthon 1s o cont! s
subject Soms workers inclu Lewper (1624} Acton and Reo i( e
end Grace and Grace (1931) believe thet staphyloeocesl or H'EP“_5
coceal infectiona play an mmportant part in all the mflammatory Pm
of & filarial attack  whereas others question this and beheve ﬂl‘l’; win
of the milder inflaminatory resctions except those ongmnating lﬂé ';{ the
¢an be attributed to the irrrtation of the filamal secretiona an of the
body of the worm itself and to an allergic respoute on the part 07 0
host (O Conpor 1832)  All recent, work has rupported the [“m“'\,m eatly
bas often shown the complete nbscnce of septlc organiemi it Lo T
inflammatory lesions  Tho alferge lemions may be rome distance 0% the
actunl worm and the rupporting t1 euee a ound the gemtal organ o Frar
cord and testrcle appear to be particularhy prone to pllergne “""“f“ﬂmﬂ,t.
etor the more seriou  compheations euch as arute mDPUm“"g: Eu s
peritonit. and «epticeenua are obviomly duc {o recondary mfectr
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may have been heematogenous 1n on{:m but 1 more likely to have reslted
from direct mfection from some hollow viseu into which the vances have
ruptured

The vanauons in the lesions produced —Various explanations have
been sugpested for the differences in the lestons produced by filarial
mfections m different mndividuals but the following explanation appears to
the writer to have most support from his personal experienee and from
recorded data —

If the complication of sepms is excluded there are two lactors con
caaned both of which are vanable namely, (a) the tolernnee of the subject
to filarial metabolitea and (b) the intcnuhy of the infection to which he
or she 18 subjected

The human host will fall into one of the four followlng eategories —

(i) Tolerant indunduals subjected to few infected bites thelr tissues
do not react to the filanal metabolites £o that tho migration of the pre-
adult worm and parturition of the andult cause little or no reastion, and
no chnical gymptoms but microfilan® will always be found in the blood
once the worms reach matunty

(1) Tolerant indivtduals subjected to a heavy wnfectton in courss of
time mechanical blockage of the Iymph nodes may occur ceusing some
static edema lymph varix, or both without necessarily any lymphangitis
or febrile reactions

(i) Intolerant indunduals subjecled to few infected bites at long
wntervals Iittle damsage 13 caused to the distal lymLEh nodes since th
have time to recover between succesmive es of the mjected larve
of which through these nodes to reach zeeper lymph nodes eg the
iuxta sortic nodes but here there is a local reastion which eventually
eads to blockage local lymph varix and chylocele chyluna or both. The
blockage 1n this area 12 not complete, 8o that microfilanm will be found in
the blood. It is onlv when secondary—usually streptococcal—infection
occurs that the eertous and often fatal acute funiculitis follows

(w) Intolerant indunduals subjected to many infected bites throughout
the year the distal lymph nodes eg the superficial i 1" and
epitrochlear are dumaget{far]y and obstruct the passage of which
come to maturrty and parturttion in the lymph nodes of the hmbs caumng
periodic attacks of lymtEhAngma and fever Boon the lymphatics become
completely blocked, with resultant elephantiams none or few microfilarie
ean reach the peripheral blood

There is no reason to believe that tolerance 1s a fixed quality and it
ecems possible that many persons who are at first tolerant in course of time
become intolerant  Further there will be degrees of tolerance just as there
will be many grades of subjection to infectron and 1t is not suggested that
thess four categorica are sharply defined

If now, one of the poasble common septic complications w added—
wuch sa an mfection from the skin surface in elephantiams or from some
hollow viscus into which a lymph or ¢hyle vanx Fuu ruptured or possibly
a hematogenous infection from some septic focus e.g an apreal abscess or
bowel focus—or if the rarer complication of hemorthage occurs it will
If)e seen that a very large vanety ofchmca] manifestations ean be accounted

or

Blood ‘picture —There is no characteristic blood picture in filariasis
With the exception of an ineonstant eosnoplulia any of the changes that
occur can be attnbuted to complications

The sternal puncture count done in a series of 53 cases of filarlasis
ehowed about normal percentages for all the blood elements (Napier Das
Gupta and Rao 1840) the low percentage of eoswophil myelocytes in
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musele by the lvmph in the tiesues  Such tissuo 13 known as blubbery
tissue and when one cuts into 1t the lymph exudes and the tieeue eollapee:

In course of time the fibroblasts in the blubbery shin multiply and
form new fibrous tissue which makes the sk dense and hard—the typical
elephantoid skin  The fibrous mduration extends deep down 1nto the lower
layers of the akin as far as the sweat glands wterfermg with the lymphatics
n that region and producing edema followed by fibroms around the sweat
glands which are eventually destroyed, so that the skin 1n elephantians
18 always harsh and dry  In the meantime the surface hypertrophy of the
epidermis becomes more and more marhed and*fissurcs oceur 1n the Uk
developed horny layer and allow micro-orgamams to invade the eormum
In these very large warty elephantoid himbs, repeated attacks of inflamms
tlon onginating at the surface and due to sccondary bacteral 1nfectton, are
extremely common and increass the local hypertrophy

When the obstruction 1s in the deeper Iymphatics the lymph »
demmed back causing lymph varices of the abdominal plexuses and
spermatio cord, these may rupture into the peritoneum ladney bladder,
or tumea vagnalis causmng lymph ascites Iymphona and lymphoetle o
1f the obstruction 18 pmdmarto the receptaculum eyl thus will lead toa
reflux of chyle into these plexutes and if they rupture chylons awates.
chyluria or chylocele will result.

The entrance of more and more maturo filanm nto these dilsted
tortuous lymphatics keeps up the mtation of the vessel wall so that
the endothelial cells hypertrophv and form a vascular granulomatous nﬁ:
which projects nto the lumen Jike a papillomatous growth The eligh
trauma 1s Likely to rupture the blood vessels in these papillomatous i
and cause bleeding into the lymph veasel with the production of hxema
hxmatocele eto

When the back pressure extends to the lacteals these may dlh}': aod
eventually rupture into the intestmal tract this reflux flow of chyi E{J)ﬂo‘);
cause chylous drarrheea but & much more serious sequel will be infet
of the dﬁnted and damsged lacteals, from which infection mav Em
backwards to the larger ifm h ve?m]!lfs g0 that when they rupture
eeptic complications are to follow

P As lonpg as the lym hﬂtl}; obstruction 15 only partial or ui::m::*
mucrofilanz will find their way into the blood stream but, if 1t o and
the larve are confined behind the obstruction 1o the mdeu}:{n o
hypertrophic limb and do not appear in the blood stream. cn‘si] e
the rule that, 1n cases of chyluria and lymphatie vanx of the haptiasu of
flarim aro almost alirays found in the blood whercas ip clephantis
the limbs and genitalia they sre frequently not found (wnde mpfﬂwul

The mportance of secondary bactersal infectnon hu.;dc;ﬁzo f1070)
subjest Soms workers nclu Leper (1624) Acton 1 or strepto-
and Grace and Grace (1831) beleve that staphylococeal or w0F L
coceal infeotions play an umportant part in all the mflamma oryus“ A
of & flanal atiack, whereas others question tius and believe e
of the milder inflammatory reactions except thote orgnetmg ‘:nd of the
can be attributed to the wmtation of the filarial mmh&?ﬂ part of the
body of the worm iteelf and to an allergic responte e Tnttor view acd
host (O Connor 1832)  All recent work has supported the nm e eard
ha< often shown the complete abscnee of sepiic OTE“\;“;:MN from the
mflammatory leslons The allerme Ievons mav be mmet ; organ g the
actual worm and the upporting t1 ues a.ound the o e seaction Ho®
cord and testicle appenr to ’i;d pgrtmulul;li\l Ero;:utg ?\\;?r?\?muug funrculit!

cation.  suy 1
:?‘e;rtog:fumz;‘:i e;?]?:xc;g:pm obviou I due to seeondary nfection
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may have been luematogenow. 1n omgin but 15 more likely to have resulted
from direet infection from some biollow viseus into which the vanees have
ruptured

The varianons n the lestons prodoced —Various explanations have
been supgested for the differences in the lesiona produced by filanal
infections n different individuals but the following explanation appears to
the writer to have most support from his personal cxpenience and from
recorded data —

If the complication of eepmis 1s excluded there are two lactors con
cerned both of winch are vanable namely, (a) the toleranee of the subjeet
to filarial metabolites and (b} the intensity of the infection to which he
or she is subjected

The human host will fall into one of the four following categories —

(i) Tolerant indundualy subjected to feww nfected bites their tissues
do not react to the filaral metabolites so that the migration of the pre-
adult worm and parturition of the ndult cauee littlo or no reaction, and
no chnieal symptoms but microfilan®e will alwaya be found in the blood
once the worms reach matunty

() Tolerant inditnduals subjected to a heavy wnfection 1n course of
time mechanical blockage of the lymph nodes may occur causng some
static edema lymph varix, or both without necessarily any lymphangitis
or febrile reactrons

(i) Intolerant mdunduals subjected to few wnfected bites at long
wntervals Dittle damage 13 caueed to the distal lymtgh nodes since th
have time to recover between succesmive passages of the mjected larvie all
of which s through these nodes to reach deeper Iymph nodes eg the
iuxh aortic nodes but here there is a local reaction which eventually
eads to blockage local lymph varix, and chylocele chyluma or both. The
blackage 1n this area iz not complete, so that microfilans will be found in
the blood. It is only when secondary—usually tococeal—infection
occurs that the serious and often fatal acute funiculitis follows.

(1) Intolerant indunduals subjected to many infected bites throughout
the year the distal lymph nodes eg the superficial in 1 and
epitrochlear are dumnge(i early and obstruct the passage of fi whish
come to matunity and partunition in the lymph noj)m of the mbs causing
pertodic attacks of lm[ﬁmgim and fever Boon the lymphatics become
completcly blocked, with resultant elephantiass none or few microfilarim
can reach the penipheral blood

There is no reason to believe that tolerance 18 a fixed quahty and it
eeems possible that many persons who are at first tolerant in courae of time
become intolerant. Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and it is not suggested that
thees four categorica are sharply defined

If now, one of the possible common septic complications 19 added—
stich as an mfection from the skin surface in elephantiasis or from some
hollow viscus into wlieh a lymph or ehyle vanx ruptured or posubly
a hwmatogenous infection from some septio focus eg an apieal abacess or
bowel focus—or if the rarer complication of hemorrhage occurs 1t will
})e seen that a very large variety ofclmiul manifestations can be accounted

or

Blood *picrure —There 15 no characteristic blood picture in filariasls
With the exception of an inconstant eosinophilia any of the ehanges that
occur can be attributed to compheations

The sternal puncture count done in a series of 53 cases of filariasis
showed about normal percentages for all the blood elements (Napier Das
Gupts and Rao 1840) the low percentage of eosiophil myelocytes In
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muscle by the Jvinph m the timsuee  buch tissue 15 hno
tissue and when one cuts inta 1t the lymph exudes and tbewm;.i gm

In course of trmme the fibroblasts m the blubbery skin muitiply anc
form new fibrous tissue which makes the akin dense and hard—the typaex
elephantord skin  The fibrous induration extends deep down mto the Jowe
layers of the skun as far ag the sweat glands mterfermg with

g the lymphatx
m that region and producing edema followed by fibross arcund the swea
ﬂlauds which are eventually destroy ed, 20 that the skin m elephantiash
always harsh and dry  In the meantime the surface hypertrophy of the
eprdermis becomes more and more marhed and *Hssures oceur m the it
developed horny layer and allow micro-organisms to mvade the eorium
In these very large warty elephantord imbs repeated attacks of inflamme
tion onginating st the surface and due to sscondary bacteral infectron are
extremely common and increass the local hypertrophy

When the obstruction is in the deeper lymphatics the lymph i
dammed back caustng lymph vances of the abdormnal plexuses and
spermatic cord these may rupture into the pertoneum ladney, bladder
ar tuntea \agmahs) rausmg lrmph asates, lymphana and lymphocele or
if the obstruction 1a proxumal to the receptaculum chylr this will lead toa
reflux of chyle mto these plexusez and 1if they rupture chylows mate.
chyluria or chylocele will result.

The entrance of more and more mature fllarue into these chisied
tortuous lyruphatics keeps up the writation of the vessel well so that
the endothelia] cells hypertrophy and form a vascular granulomatous man
which projects into the lumen like & papillomatous growth. The shghtert
trauma is hikely to rupture the blood vessels 1n these papillomatous
and cause bleeding into the Iymph vessel with the production of bematons
baxmatocele et

When the back pressure extends to the lacteals these raay dilate and
eventually rupture into the mtestinal tract this reflux flow of chyle may
cause cgﬁlocu duarrheea, but a much more sorious sequel will be mfectron
of the dilated and damaged lacteals from which infection may spread
backwards to the larger iﬁnrh vesels £0 that when they rupture
septic complications are likely to follow

As Jong as the Jymphatic obstruction 19 only partial or mtermittent
mucrofilatuz will find their way into the blood stream, but if 1t is com‘pk){;é
the larvie are conflned behmnd the obstruction m the cedematous &
bypertrophie bmb snd do not appear 1n the blood stream. Henee 1t
the rule that, in cases of ohylura and lymphatic varx of the cord mbcrl;'!
filarue are ost always found 1n the blood whereas in elephantiasts
the limbs and genitalia they are frequently not found (wds aupre)

The mmportance of secondary bactenal infection 18 & conerYlﬂmH‘)
subject Some workers including Leiper (1024) Acton avd Rao ( "
and QGrace and Grace (1831) lieve that staphylococeal or -
coceal mfeotions play an umportant part m all the wflammatory pm;oﬂ
of a filarial attack, whereas others question this and beheve u’ﬁ‘
of the milder mAammatory resctions except those onguwating mm ¢ i
can be attributed to the iritation of the filaral secretions and 0[ the
body of the worm iteelf and to an allergic respones on the part o and
bost (O Connor 1832)  All recent work has supported the l"““t‘;wmﬂy
has often shown the complete absence of eeptic orgamisms m fe the
nfAammatory lewons The alferme lesons mav be 2ome distance from the
ectual worm and the supporting tissues a ound e gemital on:n? ’f{ﬂw
cord and testicle nppear to bé particularhy prone to ailerme Mdfan‘,m}m
ever the more serous compheationa such n neute mpﬁ“mtmg“:ﬁ
peritonit. and septicenma are obvioush due to recondary infee
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mny have been lematogenou 1n oy but 1« more likely to have resulted
from direct Infeetion from some hollow viteu into which the vameer have
ruptured.

The variations 1n the lesions produced.—Various explanations have
heen rupgested for the differences in the lerions produced by filaral
infections 1 different individuals but the following explanation appears to
the writer to have most support from his personal expericnce and from
recorded data —

If tho complication of zepms 1 ex¢luded there are two factors con
cetned both of whiel are variable namely, (a) the tolerance of the subjeet
to filarial metabolitex and (b} the mtcmity of the infection to which he
or she 1+ subjected

The human host will fall into one of the four following categorics —

(1) Tolerant wndunduals subjected to few mfected bites their tissues
do not react to the filarial metabolites #o that the migration of the pre-
adult worm and parturition of the adult cause little or no reaction, and
no climeal symptoms but microfilarue will always be found in the blood
once the worms reach maturity

(1) Tolerant indwnduals subjected to a heavy wnfection 1n course of
time mechanieal blockage of the lw:rh nodes may ocour causing some
static edema lymph vanx or both without necessarily any lymphangitis
or febrile reactions.

(i} Intolerant indunduals subjected to few wnfected bites at long
mtervals  little damage is caused to the distal lymph nodes since th
have time to recover between succesmve passages of the wmjected larve
of which pass through these nodes to reach deeper lymph nodes eg the
iuxtu aortlc nodes but here there is a ahm;g local reaction which eventually
eads to blochage local lymph varix, and chylocele chyluria or both. The
blockage 1n thix area is not complete, so that microfilanm will be found in
the blood. It is only when secon —usually streptococeal—mnfection
oceura that the senous and often fatal acute funiculitis follows

(1) Intolerant indwnduals subjected to many infected bites throughout
the year the distal lymph nodes eg the superflaial inguinal and
epitrochlear are damaged early and obstruct the of filanm which
come to matunty and parturition in the lymph nm;eu of the himba caumng
pertodic attacks of lymLEMngim and fever Socon the lymphatics became
completely blocked, with resultant elephantiams none or few microfilarim
can reach the peripheral blood.

There is no reason to believe that tolerance is a fixed quahty and it
eccms possible that manvy persons who are at first tolerant in eourse of time
become intolerant  Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and 1t is not suggested that
theze four categories are ahar;;)ly defined

If now, one of the possible common septic complications 19 added—
such ns an infection from the skin surface m elephantiass or from some
hollow viscus into which a lymph or chyle varix ruptured or possibly
a hrematogenous infection from some septie focus eg an apical abscess or
bowel focus—or §f the rarer complication of hemorrhage occurs 1t will
if)e seen that a very large varety of chinieal manifestations can bo aecounted

or

Blood ‘picrure —There 13 no characteristioc blood picture in filariasis
With the exception of an meonstant philla any of the changes that
occur can be attributed to complications.

The sternal puncture count done in a series of 53 cases of filariasis
showed about normal percentages for all the blood elements (Napier Das
Gupts and Rao 1840) the low percentage of ecsinophil myelocytes In
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musele by the Ivmnph in the tissuer  Such tusue 15 known as Olubbery
tissue and when ono cuts mto 1t the lymph exudes and the tusue collapac~

In course of time tho fibroblasts 1n the blubbery skin multiply and
form new fibrous tizsue which makes the skin dense and hard—ths
elephantord skin The fibrous mduration exfends deep down 1nto the lawer
Inyers of the akin as far as the sweat glands, interferng with the lymphates
1o that on and producing edems followed by fibross around the sweat
lands which are eventually destroy ed, o that the skin o elephantians

always harsh and dry  In the mesntime the surface hypertrophy of the

epidermus hecomes moro and more marked, and*fissures occur i the 1l
developed horny layer and allow micro-organisms to mvade the cordam
In these very large warty elephantoid limbs repeated attacks of mflamma
tion, originating at the surface and due to secondary baeterial infection are
extremely common and increase the local hypertrophy

When the obstruction 1s 1 the deeper lymphatics, the fymph i
dammed back, causing lymph vances of the abdominal plexuses amd
spermatic cord , these may rupture mte the pentoneum k:dneﬁ bladder
or tunica vagnalis causing lymph asates lymphuna, and lymphocele or
if the obstruction 18 prnxmu{to the receptaculum chylr this will lead toe
reflux of chyle into these plexures and if they rupture chylons asates.
chyluna or chylocele will result.

The entrance of more nnclhmore ux:zinturefﬁltzrm uml) mﬁ’ lglhthtﬁ
tortuous lymphaties keeps up the wntation of the vemel w
the endothshial cells hypertrophy and form a vascular granulomatous n;:;
which projects mto the lumen like a papillomatous growth The sligh
trauma ia likely to rupture the blood vessels in these papillamatous gramw?;ihl
and cause bleeding into the lymph vessel with the production of hzma
hxmatoctle ete

When the back pressure extends to the lacteals these may dﬂn]te and
eventually rupture into the intestinal tract this reflux flow of thy; may
cause chylous diarrbeea but a much more serious sequel will be m tdmd
of the dﬁated and damaged lacteals, from which infection may sprea
backwards to the larger th 0 that when they rupture serous
septic complications are ﬂvkm 7 to follow termittent

As long as the lymphatic obstruction 1s only partel or "iJa et
microfilaniz will find their way mto the blood stream but if 1t m and
the larvie are confined behind the obstruetion 1 the cedmﬁl etk
hypertrophic limb and do not appear w the blood stream :31 My
the rule that, 1n cases of chyluria and Iymphatic vanx of the co asts of
filarie are almost always found in the blood whereas m elephan )
the Lunba and genitalia they are frequently not found (11de "‘gm

The importance of secondary bactertal infection 18 Bdcgl;o 11629)
subject. Some workers inclu Lewper (1824) Acton an Jhourid
and Grace and Grace (1931) believe that staphylococcal or -
coceal wnfections play an important part i all the mﬂa.mn}nt‘ol'yull’uw‘ st
of & filaral attack whereas others question tins and belic ¢ e
of the milder inflammatory reactions except those origwating i of the
ean be attrbuted to the wurrtation of the flarial accmu%:: o
body of the warm itself and to an allergic responte aln mm):-ﬂvxeﬂ’ and
host (O Connor 1932)  All reeent work has upported the T e ently
has often shown the complete abacnce of reptic ﬂl‘&“msﬂ:n“m from the
iflammatory lestona  The allergie lemon. may be wmr:t ;mm o the
actunl worm and the «upporting t1 sues o ound the genita reaction Ho¥®
cord and testrele appear to bé partieularh prone to allerme ting funiculit
ever the more serious compleations such a acute m{mnfﬁm whie
pentontys and septicemua are obviously due to recondary
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may Lave been lurmatogenous in or but 1s more likely to have resulted
from direct nfection from some hollow viseu into which the vances have
ruptured.

The vanauons in the [enons prodoced.—Various explanations have
been suggested for the differences in the lesions produced by fllaral
infections 1 different individuals but the following explanation appears to
the wnter to have most support from his personal expericnee and from
recorded data —

If the complication of sepsis 18 excluded there arc two factors con
cerned  both of which are varable m\mclv! (a) the toleranee of the subjeet
to filanal metabolites and (b} the intensity of the infection to which he
or she 18 subjected

The buman host will fall into one of the four following categories —

(1) Tolerant wndunduals subjected to few mfected bites their tissues
do not react to the filanal metabolites #o that the migration of the pre-
adult worm and parturition of the adult cause little or no reaction, and
no chnical symptoms but microfilanim will always be found in the blood
once the worms reach maturity

(1) Tolerant indunduals subjected to a heavy infection in course of
time mechanical blockage of the lymph nodes may ocour causing some
static edema lymph varix or both without necessarily any lymphangitis
or febrile reactions

(mi) Intolerant indunduals subjected to few nfected bites at long
mtervals  little damage 15 caused to the distal lymph nodes since th
have time to recover between succesmve pasaages of Lge mjected larvie
of which through thess nodes to reach deeper lymph nodes ag the
iuxtn aortic nodes but here there is a local reaction which eventually
eads to blockage local lymph vanx, and chylocele chylura or both. The
blockage 1n this area is not complete, so that microfilarm will be found in
the blood. It 1s only when secondary—usually streptococeal—mfection
oceurs that the serious and often fatal acute fumioulitis follows

(11} Intolerant indunduals subjected to many wnfected bites throughout
the year the distal lymph nodes eg the superficial in ! and
epitrochlear are early and obstruct the ;)a.uaage of filanm which
come to matunity and partuntion in the lymph nodes of the hmba ecausing
peniodic attacks of lymphangitis and fever Soon the lymphatics become
completely blocked, with resultant elephantiams none or fesr microfilarim
ean reach the peripheral blood.

There is no reason to beliove that tolerance 13 a fixed quality .and it
ecems possible that many persons who are at first tolerant in course of time
become intolerant. Further there will be degrees of tolerance just as there
will be many grades of subjection to infection and 1t is not suggested that
these four categories are sharply defined

If now, one of the possible common septic complications 19 added—
«uch as an Infection from the skin surface m elephantiass or from some
hollow viscus into which a Iymph or chyle vanx ruptured or possibly
a hrematogenous infection from some septic focus e g an apical abacess or
bowel focus—or if the rarer complication of hemorrhage occurs 1t will
})e eeen that a very large vanety of chnical mamfestations can bo accounted

or

Blood “picture —There is no characteristic blood picture in filariasiy
With the exception of an inconstant eomnophilia any of the ehanges that
oceur ean be attnbuted to complications

The sternal puncture count done in a scries of 83 cases of filariasiy
showed about normal pereentages for all the blood elements (Napier Das
Gupta and Rao 1840) the low percentage of eosmophil myelocytes in
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musele by the lvmph in the tissuer  Sueh twuo 15 Lnown ny b
tissue and when one cuts mto 1t the lymph exude and the tiesue collapre:

In course of time the fibroblasts in the blubbery skin multiply and
form new fibrous tissue which makes the skin dense and hard—thapg-pm]
elephantoid skin  The fibrous mduration extends deep down mto the lower
Iayers of the alun as far as the sweat glands interfermg with the Iymphatics
1o that reg;on and producing cedema followed by fibrosus around the sweat
glands which are eventunally destroyed, so thst the skan mn elephantisss
18 always harsh and dry  In the meantime the surface hypertrophy of the
epidermis becomes more and more marked and *fiasures oceur 1 the ill
developed horny layer and allow micro-orgamsms to wnvade the eonum.
In thess very large warty elephantoid hmbs repeated attacks of nflamma
tion ongnstng at the surface and due to secondary bactenal mfection are
extremely common and inareass tho local hypertrophy

When the obstruction 18 n the deeper lymphaties the lymph n
dammed back, causing lymph vances of the abdominal plexuses and
spermatic co these may rupturc into the peritonsum lodney bladde
or tunica vamnalis causming lymph asates Iymphuna and Iymphocele o
1f the obsteuction 18 pro‘oma{to the mceptacu{\jlm chyh this wall lead tos
reflux of chyle into these plexues and 1f they rupture chylous asates.
chyluniz or chylocele will result.

The entrance of more and more mature filarum into these dilated
tortuaus lymphatics keeps up the wmtation of the vessel wall eo that
the endothelial cells hypertrophv and form a vascular granulomatous mast
which projects wta the lumen like & papillomatous growth The shghtest
trauma 18 hkely to rupture the blood vessels m these papillomatous growih-
and cause bleeding into the Iymph vessel with the production of hxmaturis
hxmatocele ete

When the back pressure extends to the lacteals these may dilats and
wentually rupture into the intestmal tract this reflux flow of chyle mav
cause cﬁﬁlom drarrheea but o much more serious sequel wall be infection
of the dilated and damaged lacteals, from which infection may epread
backwards to the larger wh veasols g0 that when they rupture seriout
septic complreations are likely to follow

As long as the Iymphatio obstruction 1s only partial or mtermittent
microfilaria will find thelr way mto the blood stream but if 1t is complete
the larvm arc conflned behmd the obstruction 1n the cedematous and
hypertrophic mb and do not appear i the blood stream. Hence 3
the rule that, i cases of ohyluria and Iymphatic varmx of the cord [mcm-(
filarlo aro almost always found in the blood whereas in elephantiags &
the limba end genitalia they sre frequently not found (rde supra) |

The importance of secondary bactenal infection is 2 contmv%l?
subject Bome workers 1polu Leiper (1924) Acton and Rao (199}
and Grace and Grace (1931), bebeve thai staphylococeal or streplo
coceal mfections play an u:upor{-ant part 1o all the mflammatory me-‘mt
of a filarial attack, whereas others question this and beleve that m
of the milder dammatory reactions except those orngnsting 1 tho L85
can bo attrbuted to the imtation of the filamal secretions and ot tre
body of the worm itself and to an allergic response on the part o and
host (O Connor 1832)  All recent work has mp{)arted the Iatter \l']lewca:)y
has often shown the complete nbsence of septic orgamuems In 'l.c the
nflammatory lesions The allergic lemons may be fome distanee from he
ectual worm and the supporting t1 sues p.ound the gemtal orgno r}ﬂlu‘_
card and testicle nppear to bé particularly prone to allesgic reaction. culits
ever the more seriou complication. such o acute suppurating i‘m‘ which
pentonitis and septicrenua are obviou Iy due to sccondary infection,
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may have been Lematogenou. 1n ongin but 14 more Likely to have resulted
from direet infeetion from some hiollow Viteus nto which the vances have

tured
e The variauons in the lesions produced —Various explanations have
been euggested for tho differencea i the leslons produced by filaral
mnfections 1o different individuals but the following explanation appears to
the writer to have most support from his perronal expericnce and from
recorded data —

If the complieation of sepus 18 excluded, there are two lactors con
cuned both of which are varable namely, (a) the toleranee of the subject
to filarial metabohtes and (b) the intemmty of the infection to which he
or she is subjected

The human hest will fall into one of tho four followlng categorics —

(1) Tolerant indunduals subjected to few mfected bites  thelr tissues
do not react to the filarial metabolites so that the migration of the pre-
adult worm and parturition of the ndult cause little or no reaction, and
no clinical symptoms but microfilane will always be found in the blood
once the worms reach maturity

(1) Tolerant indinduals subjected to a heavy wnfectton 1 course of
time mechanical blockege of the lyl;l-rh nodes may occur causing some
static @dema lymph vanx, or both without necessarily any lymphangitls
or febrile reactions

(1) Intolerant windunduals subjected to few infected bites at long
mtervals  Iittle damage 19 caused to the distal lymLEh nodes sinco th
have time to recover between succesmve passages of the mjected larve
of which through these nodes to reach ;feeper Iymph nodes eg the
im. sortic nodes but hero there 18 a local reastion which eventually
ends to blochage local Iymph varx, and chyloeele chylunia or both. The
blackage 1n this area is not complete, so that mierofilane will be found in
the blood. It is only when secon —usually streptococeal—nfection
occurs that the serious and often fatal acute funicuhtis follows.

(1v) Intolerant indunduals subjected to many infected butes throughout
the year the distal lymph nodes eg the superficial in 1 and
epitrochlear are dnngeé early and obstruet theoé)a.mge of whish
come to maturity and partunition in the lymph nodes of the limbs caumng
penodic attacks of lym[ghlngiﬁa and fever Boon the lymphatics become
completcly blocked, with resnltant elephantiams none or few microfilarim
can reach the peripheral blood

There is no reason to beliove that tolerance 18 a fixed quality and it
ecems poasible that many persons who are at first tolerant in course of time
become intolerant. Further there will be degrees of tolerance just as there
w1l be many grades of subjection to infection and 1t is not suggested that
theso four categoner are sharply defined

If now, one of the poemble common septic complications 1 added—
euch as an infection from the skin suriace 1 clephantiasis or from some
hollow viscus into which a lymph or ¢hyle vanx ruptured or possibly
a hematogenous infection from some septio focus e.g an apical abscess or
bowel focus—or if the rarer mmfplxcatiun of hemorthage occurs 1t will
I{x seen that a very Inrge vanety of clinieal manifestations can be accounted

or

Blood *picture —There 18 no characteristic blood picture in filariasis
With the exception of an inconstant eomnophilie any of the changes that
occur can be attributed to complications

The sternal puneture count done in a eeries of 53 cases of filariasis
showed about normal percentages for all the blood elements (Napier Das
Gupta and Rao 1840) the low percentage of eosinophil myeloeytes in
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musele by the hmph m the tiesues  Such tissuo 18 known s blubber,
tissue nnd when one cuts wmto 1t the lvmph exudes and the tisue coliapmes

In course of tume the fibroblasts m the blubbery skin multiply anc
form new fibrous tissue which makes the akin dense and hard—ths types
elephantord skin  The fibrous mduration extends detp down into the lowe
layers of the alan as far as the sweat glands interfermg with the lymphatw
m that reg;on and producing edema followed by fibrasis around the ewea
glends which are eventually destroyed, so that the skan 1 elephantms
15 always harsh and dry  In the meantime the surface hyperiropby of the
epiderms becomes more and more marked and *issures oceur 1 the il
developed horny layer and allon micro-orgamsms to mvade the eorfum
In thesa very large warty elephantoid lsmbs, repeated attacks of inflamma
tion origmating at the surface and due to secondary bactenal mfection, ar
extremely common and merease the local hypertrophy

When the obstruction 18 in the deeper lymphatics the lymph ls
dammed back, causing lymph vances of the abdominal plexuses an
spermatic cord these may rupture into the perrtoneum kidney bledder
or tunica yagnahs, causing lymph asctes lymphuna and lymphocele o
if the obatruction 18 proximel to the receptaculum ehyhi thie will lead ton
reflux of chyle mnto these plexuzes and if they rupture chylous asams.
chyluria or chylocele will result.

The entrance of more and more mature filarue nto theso dilated
tortuous lymphatics keeps up the imtation of the vessel wall so that
the endothelial cells hypertrophy and form a vascular granujomatons mss
which projects nto the lumen like a papillomatous growth. The alightest
trauma is hikely to rupture the blood vessels in thess papillomatous growthe
and cause bleeding mto the lymph vessel with the production of hemsturla.
hamatocele eto P

TWhen the back pressure extends to the lacteals thesc may dilate an
eventually rupture into the intestinal tract this reflux flow of chyle mey
causo chylons diarrheea, but a much more serous sequel will be &t‘ﬁg
of the ted and damaged lacteals, from which nfection may eprea
bsckwards to the larger IymPh vessels o that when they rupture seriour
septic comphieations are likely to follow ¢

As long es the lymphatlo obstruction 1s only partsl or mtemﬁﬁfﬂe
microfilarz will find their way into the blood stream but if it 18 comp!dé
the larves are confined behmd the obstruction n the cedematous “‘nm
hypertrophis imb and do not appear m the blood stream. Hencem
the rule that, 1 cases of chyluria and Jymphatic vanx of the col‘d{hm of
filarim are almost always found in the blood whereas 1n elephan )
the humbs and genitalia they aro frequently not found (vde supra) |

The unportance of secondary bactenal infection 18 & contro(lm)
subject Bome workers imoluding Leiper (1924) Acton and Reo ol
and Grace and Grace (1831) lieve that stephylococeal or ;ocﬁbﬂ
caceel infections play an mportant part m all the inﬂaumlﬂtol'}ull’“ Toost
of a filanial atiack whereas others question this and believe frid
of the milder inflammatory reactions except those originatmg 1n d of the
can be attributed to the irmtation of the filarel secretions an o
Body of the worm 1tself and to an allergie response on the part of Uf
host (0 Connor 1832)  All recent, work has supported the crthe early
has often shown the complete abscneo of septic orgamemis W T Fop
inflammatory Jesone Tho allergic lesion masy be gome d mnﬁn eg the
actual norm and the upportmg t1 sue« a_ound the genital arg“m e
cord and testicle appear to be particulerly prone to allerme ’tﬁ“’ fumeuhtis
evor the more serjous complications such o acute FUPPU“’; I?egctiou whieh
peritonit:  and septiceemia are obviouslv duc to recondary in
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mav have heen hematogenous an ongin but §s more likely to have resulted
from dureet miection from some hollow vizcu into which the variees have
ruptured.

The vanations 1n the lesions produced —V anous explanations have
been suggeeted for the differences m the lemons produced by filaral
fections 1 different mmdividuals but tho following explanation appoars to
the writer to have most support from his personal experienco and from
recorded data —

If the complication of scpais fs excluded there are two factors con
cetned both of which nro variable namelt, (a) the tolerance of the «ubject
to filarial metabolites and (b) the intenalty of the infection to which he
or she is subjected

The human host will fall into one of the four followmg eategories —

(1) Tolerant inditrduals mb&ctcd to few infected bules thelr tissues
do not react to the filanal metabolites so that the migration of tho pre-
adult worm and parturition of the adult cause little or no reactlon, and
no chnical symptorms  but mierofllans will always be found in the blood
once the wormm reach matunty

() Tolerant wnditnduals subjected to a heavy wnfection in course of
time mechanieal blocknga of the Iymph nodes may occur caumng some
static edemn lymph varix, or both without necessarily any lymphangitis
or febrile reactions

() Intolerant mdunduals subjected to few tnfected biutes at long
wntervals little damage 1s caused to the distal lymph nodes mnee th
have time to recover between successive pasaages of the injected larve
of which through these nodes to reach deeper lymph nodes eg the
iuxta aortic nodes but here there is & local reaction whioh eventually
eads to blockage local Iymph varx and ehylosele chylura or both. The
blockage in this area ix not completal #o that microfilarm will be found fn
the blood. It 1s only when ary—usually 1—mfection
occurs that the serious and often fatal acute fumeuhitis follows

(1) Intolerant tndunduals subjected to many infected bates throughout
the year the distal lymph nodes eg the superficial in 1 and
epitrochlear are dumagvai early and obstruct theoémmge of i which
come to matunty and parturition in the lympb nodes of the limbs caumng
periodic attacks of lvmphangitia and fever ~ Boon the lymphatics becoms
completely blocked, with resultant elephantiamie none or few microfilarim
can reach the peripheral blood

There is no reason to believe that tolerance 18 a fixed quahity and it
seems possible that mawsy persons who are at first tolerant in course of time
becoms intolerant. Further there will be degrees of tolerance just as there
w1ll be many grades of eubjection to infection and it Is not suggested that
these four categorics are sharply defined

If now, one of the posaible common septic complications 1 added—
such as an infection from the skin surface in elephantiams or from some
hollow viscus into whieh a lvmph or chvle vanx Ezu ruptured or possibly
& hrmatogenous infection from some septic focus eg an apical absceas or
bowel focus—or if the rarer complication of hemorrhage oceurs it will
lf)e seen that a very large varnety of chiniesl manifestations can be accounted

or

Blood *picture —There 11 no characteristic blood picture in filarlasis
With the exception of an inconstant ecsinophilia any of the changes that
occur can be attributed to complieations

The sternal puncture count done in a eeries of 53 cases of filariasls
showed about normal percentages for all the blood elements (Napier Das
Gupta end Rao 1840) the low percentage of eosinophil mvelocytes in
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cases in which thero 15 an increase it blood eosno luls suggests an ext
medullary onigmm for the latter P
A moderate eosinophilia is comman In cases 1n which there are mic
filanm in the nocturnal blood but few or no zigns of lymphatic obetrusth
an acute attack of filarial lymphangitis, there is never any Inere:
g{ e ophils and they arc not infrequently absent from tho permphe
o0

Mm;ﬁlmz mn the bITod —-(I)Idt;f?rancu ;houldthbe man(.i;hzo the abo
paragra on miorofilaria city and on the co ton  betwe
filaral infection and filaral dpmmease

\}Ye hlavbT fonnl()io fewer microfilare an theddmlwmamLtm 1m
penipheral blood, both during the day and dunng the

Urine —There are no characteristie ohanges in the urme In
ordinary cass of filarinms

In chyluris the unne is typically a white but the colour
not constant m 8 doubtful case the urine ahould be shaken up with etk
ar chloroform to see if 1t clears as it will do 1f the mulkiness 1s due
fat. If there is any doubt the urine should be examined again one
four hours after o fatty meal. In chyluria gs also i lymphuna t
urme will coagulate on aecount of the presence of fibrnogen. If it
set amde i will separate imnto three strata an upper milky stratum,
middle pinkish one m which the clot will be seen and a lower strait
consisting of cells and debris b

Microfilarim will be found in about 50 per cent of the cases ¢ :
m the lowest layer or in the clot, or one can demonstrate them by dropp
a few threads of cotton wool into the urmne allowimng these to emkk
the bottom and then recoverning o thread and examming 1t under the
power of the microscope |

The fat content will vary from o tn:ca to just over one per cent, 8
the albumin from a trace to 08 per cen

In lymphuria there 19 albumm and many lymphocytes buf-,;‘lf&
for the ble presence of clots, the gross appearance of the unne
<
hanﬁd‘:::atochyluna and hmmatolymphuria there will 1 addstion |
red cells and some frec bamoglobin

SYMPTOMATOLOGY

Classification —From the description of the pathological proces
ven above 1t will be obvious that the climical (pictures pmd\‘:;cﬂd l?:':
very vared. As has been indicated above there may be uth. ot
skin lesion—redneas and induration with some umitation—st the po
entry of the larvie but this 18 meonstant and 1s seidom mﬁiﬂntﬂl
the patient it thereforo meed not be conmdered m the lymI; om ﬁhﬁ
Otherwise the following clasmfication covers the commonest O
syndromes —
A Syne and symptoms may be abeent
B lamphﬁmpus nnd'eﬁvmpbadmim
(53 Bel;?:pgga‘l may subsdde or lead to
(1n) Abecess formation.

Flephantinss.

() Uncomplieated

{n) Complieated by sepus.
)

g; T’I%; scrotum, pems or labia
(¢) The mamma
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D Lymph vany, superficial or deep
() Uncomylicated Y
(m R\m(ur{nx and producing a varicty of non-septis coraplieations
{a) Iymph of the moin or werotum
(b) T laral synovits
(¢) Tymphocelo (hydroccke)
(d) Lvmphuria
(¢} Lvmph ascites
(t ) Dleeding, nt & rewilt of trauma and producing
(a) Tixmniospermh
{b) Twematocele
(¢) Hem tur or hrmatolymphnna
(1) Suppuratmg, before or after rupture
L Chvk -arx
() Uncomplicated
(1) Reopturme and prodncing & varely  f non-aeptic complieations.
(a) Chrlocele

rrhees
( ) Dleeding mav oecur ¢ 1n Ivmph van  and prodice o pamall | renes
of compl eatrons
(1) Buppumating before or afler nmture
F  Genenal evmptome
(1) Tever
(r)  Allerrs _manifestations
() fum manifest tions ¢ wmtcana
(b) Eatm focal mflammatory swelhnps, especially of the gemtals
(e}
¢ P choncnrotie mamfestation

A full elimeal deseription of each of the verv numerous filarial mani
festations elasmificd above would be out of place here but notes are given
below on the commoncr ones and on those that seem to require rome
cxplanation  As far ax they arc apphieable the paragraph identifieation.
u ed above are followed

Incubation period —1Tt 18 urunlly setated that mucrofilanm first appear
m the blood about one year after the larvm have been introduced by the
infeeting mosquito but the tuime may probably be shorter and 1s often
longer However this eannot be conmdered the incubation pemod of the
diwsease which 15 even more vanable Bome mndication of this ean be
obtained from the age at which persons born 1o an endemic area firat show
symptoms  In many filanous countries it 1s seldom that evidence of
lymphatie obstruetion ap) witlun 16 years of the date of arrival in
an endemuc aren although n such cares there will often be a history of

odie febrile attacks with poesibly some lymphangitis for several years.

{owever 1 Inghly endemic areas this period B frequently much shorter
and recently from the South Pacific eares have been reported in which the
ineubation period was apparently only three and a half months lymphan
mtin of the arm and of the spermatie cord nas associated with fever and
the finding of the adult worms but not of microfilarie

A Symptomless infection —In most endenne areas the majority of
the infections are wymptomnless and in the areas of low and moderate
endemueity thev reinnin eo indefimtcly  However as fresh infections are
supenimpoed on account either of sheer weight of nunibers of adult worm

The word latent 15 & oided bere becauw it §  ften used as an antasym to
patent  nd thewe infections are cert inly patent to & vonc who euamines the blond
at the appropriate time furtber, th word ako reema t susgest th t at anv time the
worm oF worms cawrmy this wfect on may sddenly be rtired into et vity and the
tnfeetion may then fl.re up intn  clioreally matent on  thi probably very reldom
octuTL
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or of developing intolerancs on the part of
th
thl} later ?l;avefop tlymptolg’u and up:tumlly :hgofuu?bz u.ffﬂ;ii Toiects
vary 1n dmrect pro
Lheanrefubjeol:ed (x:)nd gomxz?rx; )to the mtenaity of the infection to which
ymphangitts and Iymphadenitrs —
may ocour at frequent and oy;teg ml:zr mtegaltjjn:?lfuplc}oumd n]AttaudchEd
l;});op;;hg]ts that the attacks recur always at some parhculnrm;mof the
In women at one particular state of the menstrua
whole lunb and the glands in particular apirual oycle. The
1m0 can be seen o thp cular are very painful, and often a red
runn p the Jimb mtheuper]unbth trochl
most commonly involved ~The skin over th F ha sl o
adematous and the wholo litsh may. o sughily. svellen Baiatar e
tly swollen Painful sub-
cutaneous nodules fixed to the skin \}nllealgo A .
of chsm T ets o appear m about 10 per cent
o 5’113]:1 o :]ngo the adult worm may be indicated by a partiealarly
e local symptoms are usuall
temperature 100 F to 102 F, with gen‘:ai:;mmlg giaauﬁm&;tpt:g‘,
all over the body that umahy lasts for two or three days The loes!
tymgqt%xzulﬂ_my suba|detgfter four or five days.
wfrequently the general symptoms appear without any definite
}Z::giumg symptoms and conversely locel aigns may be unmomganied by

(1) If mepsis either hematogenous or otherwise, is added |
and general symptoms will be of a more severe nafure af.ha wh%’l: }l‘;’b
bcm%very swollen and red and the temperature running up to 104 F or
105 F daily for a wesk or more Vhen such an attack subsides the limb
goldom returns to 1ts previous diameter ~

(ui) A local abscess at the sito of the dead worm may be left.

C. Elephantiasis —After the first few attacks of uncomplicated
lymphangitis the mb may return to 1ts previous sze but i course of
time each ettack leads to & slight permanent increase mn the mue of the
Lmb and 1n some cases the increase is mmdious and occurs independently
of patent attacks of lymphangitis At first there is ordinary pittmg
cedems then the swelling becomes harder and does not pit later the
whole limb becomes massive brawny harsh and dry and folds and/or
cracks appear and flnally thess become ibfected with septio organwms
and ulceration occurs These changes take place most commonly 1n the
arms forearms and hands legs and feet (Pﬁte SAIIl figures 4 to ()
serotum (plate XAIT figures I to 3 nnd plate XOXTII figures & and 6)
penia (plate NAIII figure 6) and labia and occasonally 1 the mamme,

The bisarre deformuties that filaral infection will produce are V;ﬁ“

em for

known they are capitalired 1n the East by beggars who parade th
writers of textbooky

the purpose of obtaining alms and in the Vest b;
who always scek the most extreme examples for decorating their pages
Elephantiasis 18 sumply the effeot of lymphatic obatruction and may octur
in non filarial subjeots, but no condition produces such effective obstruction
as fllanasis and 1n a flaria-endemio area all cases of elephantiams may be
Acceg)ted as filarial 1n origin unless there is strong evidence to the cmm'ala‘
Lymph vanix —Varices will occur magjng; when the vessels lie
superficially or in loose cellular tiesue and are erefore relatively un-
supported ~ Lymph varix may thus be found on the surface of a lmb, or
in the gromn 1n the spermatic cord in the scrotum or m the deep ubdum‘n’mll

Iymphatics 1 the bladder wall, or around the kidney
They may be (1) uncomplicated or (1) tho varix ma})]' rupture () t¢
the surface mn the groin or scrotum, producing lymphorthaa  (b) into &
jomt eg hnee or hip cau mg filarial synovitis () 1nto the tunfea cauting
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a lymphocele (hydmrcle;] (4} 1nto the urinary bladder or the kidney pelvia
or cﬂl?cea causing tymphuria or (e) into the peritoncum causing axcites
A charactenstlc of lymph varlees 18 thar sudden disappearance and
reappearance withm a few dave  Otherwize these condition. are moatly
clf explanatory  two only appear to need further deenption

{a) The lymphortheea produeed when a su{)crﬂcml lymph vanx in
the groin or 1n the acrotum ruptures or when an ill advised surgical opera
tion is undertaken is very troublesome there s continuous cosing from the
part that mav amount to scven or cight ounces of lymph in 24 hours ond
this keeps the patient a clothes continuously wet

{b) The one«ct of lymphnn: is often insidious but is at other timea
associated with an aching pamn in the bladder or the loin or n both
dysune and the paesage of clots There is albumin in the unne and many
lymphocytes but except for the possible presence of clots the gross
appearance of the unne is hittle changed

(ui) The com{;l;cutlom caused by hemorrhage into the cord tuniea
or urinary tract being dependent mainly on trauma aro hikely to be
mtermittent. The concitions will alternate with mmple leakage of lymph
or chyle 1n the various loealities

al) The most sctious of the ecptic complications is acute funiculitls
and epidid rehitis which often leads to pentonitis and septiceemia the
fection E usually utrcrtocoeca.l and appears to be hmmatogenous 1n
ongin 1n the majority of cases The severe general condition is out of
all proportion to the local signs and the oneet 18 that of an acute abdominal
cmerienry 1t may oceur in a patient who has had & lymph venx or
Ivmphuria for some time or 1t may appear as an early even if not the first
svinptom  These ecptic complications are even more lkely to ocour in
cases of chyluria where the onginal source of septic mfection may be the
ntestinal traet (vide wnfra)

Chyle vanx —{i) Chyle vanx 1s probably lees frequently
uncomplicated and symptomless than s the correapontl;ﬁ lymph condition
but it also may be uncominlicnted The eondition usually cause
certain amount of abdominal discomfort backache or psinin the lom.

(1) and () (a) Chylocels 18 also less common than lymphocele
but does frequently occur The swellmg will not transmut light and is
very likely to be complicated by a certain amount of hemorrhage (hemato
chylocele), 1t might therefore be mistaken for a strangulated herma if
not carefully examined

{b) Chyluria on the other haud 1s more common than lympburln
Attention 18 usually drawn to the condition by the patients noticing that
his or her unzne 18 milky but 1t may be preceded by back and aching
in the pelvis and loin 1 women the onset of chyluria or hematochyluria
may follow childbirth and 1n men any form of" physleal strain. A very
troublesore complication 1s urinery retention due to the presence of clots
n the bladder that perodically block the urethra In the case of kidney
chyluna the clots may block the ureters tempor it is seldom that
there is clinleal evidence of this but occamonally there will be typleal
renal colic

An excretion pyelogram will often show eome dilatation of the ureters
and during eystoscopy 1t in not uncommon to eree the clot being slowly
extruded from the ureteric onfice In about three-quarters of the cases
the dilated lymph vessels can be seen usually just above the ureterie bar
but sometimes lower 1n the tngone

The chylurie attack usually lasts about a week or ten days, and then
clears up catirely for some months but rometimes it will last for several
weeks and 1 rare ea e cven for montts  The gencral  vinptom
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assocrated with the attack seldom amount to more than lasmtude (of
attach 1 o short one) and debility (if it is longer) but the prycholog]
effect moy be quite serious and the fact that stroin 18 likely to bring
an attach will prevent the patient from lending o normal life

() Chyloms asates wilf not be distinguished ehinieally from ordm

1 azcrtes duo to the rupture of a lymph vanx bui will be a
when parncentess ja performed septic complicatzons are more 1
ocour than m the aimple ascites and 1n this case the ploture will be
of peritonitis.

(d) Chbyloms diartheea  resulting from the reflux of chyle Into |
Iniestmal canal has been reported but 1s apparently a rare fllanal ma
festation

{v) Suppuraung —Tt will not be necessary to discuss the eep
camplicatians that may be associsted with any one of these rui;atu.res
chyle varices but i view of tho closer nssociation with the intesty
canal they are libely to be commoner than in the case of lymph vane
an has been iddicated above

F  General symptoms-—(i) Fever The fever that develops
filariams 15 due erther (i) to the worm and/or its metabolites cntir
independently of secondary infection, and for this the accepted expresst

filarial fever’ 18 quite appropriate or () to secondary imnfection of t
bloched lymphatic channels of the elophantoid shan or of the vdriees a
for this the cxpression  secondary fever to which the words of filaras)
mught be added if the context did not airendy make 1t clear seems to
unobjectionable *

(1) Allergic mamifestations.—There 18 undoubtedly & form of urtiear
that 18 aseociated with & filarial attack and often recurs at regular mtemi
Smularly the casest explanation for the frequent cord and tesheu
swellings that occur even when the demonstrable filanal lesions are
other parta of the body 12 on the basis of local allergie responto This ;m
bo o apecific tropism a8 suggested by Michael (1844) but 1s in the !mc'{
opmion more probably the result of previous local senmiuation

fil

mygrating filare

mmxﬁ: regard to asthma one 18 on less certain ground but mxmI
filartal subjects with asthma grve o history of periodic attacks that c:ll;;
be correlated with the seegon or with any chapge in the pﬂhcné;lcnmm
ment or habita which may or may pot be eccompanied by ) iy
manifestations The wniter can give no statistical data in support o
chinical 1mpression

G Psychoneurotic manifestations —The peychoneurotic ieﬁectsm“tf;

very apparent i young white and Anglo-Indian girls who llvmg o
pooreat parts of certain Indian towns—Calcutta for examgfom—lel‘li ar
associntion with the notnve population Irequently bcc&m«; o
filana but actunlly seldom developed any gros  deformitics 030 oter
of the lightness of the infections However the psychoneuro o Dot
tialitzes of filarial nfection were probably never fully ;ippmtl:s Hahts
very recently wlen s largo number of members of Umited Bta e
forces were heavily infected in a South Pacific 1eland  Tho com! o
of (a) tho frequent genital location of the lemons (b) ocmﬂi] %n:a i
ciated venercal dimsease (c) the frequent deformnties in the na

become infected B2
fover that occurs when elephantoid skin and twmsue

heen Eﬁed elephantaid fever _‘Not"c.ﬂ_y ub:}riw J’:!‘ep!:::nun Flaiagty
v Owrb:: dary mf oteiirs 1n other filarial conditions such -:oidrmg;
chyle varices, has exnctly the mame mtiology, and the exprearion  elrphan

applied m these cases would be even more Adiculous.

f
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whom thev a wociated () the alarnunz pieturct i medieal textho
to whowe mfluence they  wer too often ddieectlh  and  pdiree
rubjected and o) the 1Ml advired pubhicity puen to the whole inclde
led to the dc“t‘lo'“‘mt'nt of pevchonecurosiz in a very large pereentape
these with even the mildest somatie lesion Tt hiax Leen estimated )
90 per eent of the dimbility of the perronnel invalided on account of t
mfection were of pevehoneurotie ongin.
DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS

This must be conmdered under a number of headings —

(2) Duration of residence In an endemic area —The time taken
the development of filarial lesions varies in different localitica (1:de aupre
n dingnosis of filaniasis at an earlier date should be made with considera
caution, but, as there are cxceptions to the general rule it is alea danger
to rulo out filaniasix entirelv on thete grounds alone

(b) History of a previons artack~—A lnstory of provious attacka
Ismphangti without anv apparent local cause followed by cedema of -
Hmb that doca not alwavye pubside and nesociated with a mild or sev
{ebnlc attack should arouse great suspicion  Periodio febrilo attacks ale
m cascn in which malama ean bo exeluded aro also supgestivo

() Clinical picture —The acute painful descending lyinphangitis o
Iymphadenitis with fever should always bo viewed with suspicion in
endemic ares but thoy may lave other causes the lymph varix braw
aderna and ciephantians of the hmbs genitalin or breasts will be m
charncternistic but are only ovidence of lymphatie obatruetion—the m
common causo of which in tho endemic arcas is of course filarinsis—s
not se of filanasis itsclf and certain other lestona that commonly oc
in filariagis such ax hydrocele arc as hkely to have some other cause e
in endemic areas

When hypcﬁmphf oceurs in other reglons where thore s n px
collateral Ivmph rupply c&nthe hend or faee bock or buttock it s
eeldom if ever be due to fllarlasis and euch conditions as diffuse fib
matonis fibro-hpoma and von Recklinghausen s dincase should bo e
sdered  (Edems duc to other common causes sueh na cardiac and re
diecnses is usually bilateral but angioneurotic edema liko filarinsis
usunlly be umlateral Too much weight should not be placed on
non pitiing character of filanal edema o8 1t takes rome time for the fibre
changes to oceur  Hypopituitrism may also produce a condition suggeat
of filanams, but the cxeess tissue will have o (ifferent character aa v
as heing bilateral

(d) Laboratory examinations.—({1) Blood Thle cxamination of
blood for microfllarte has its strict limitations s & means of diagnos

fillanal dieasc  sce p 634 for ecuircintion botween filarl) infertion o
filarial disease

Summannng these obscrvations one can sy that the finding
microfilaris indicates filarial infection hut not neces anly filarial diven
{lulure to find them does not exclude cither fllarial infeetion or fila:

In countries where the infection is tranmmitted by Culer faligans
ather night biting moesquitoes and the microfilaria show nocturnal jurl
1ty the blood for cxamination must be teken btween 10 o elock
night and 2 oeclock 1n the morning whereas 1n other eountries such
Fiji where it is tranemitted by a diwrnal biter the blood should be tal
at about 10 o clock m the morning

Techmque —Take about 20 emm of blood ferabil taly m an:
qmnhly‘gto 2 Lemoglobinometer pipett (mp: the mr-ccr\u:"ly“d r.::
a thick film on & perfeetly elean »led  Allow 1t to dry then stain and dehr
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globinuze with dilute Giemsas stain  Pour of the sty earef)

wash it off Drytheﬂlminnrmdenmmarith.lav-povw:ylmnu—::mg

of microfilarie will vary from one In many films to hundreds 1n obe

mulﬂe}élymg the number per thick smear by 53, ths number per cem
od,

st
It will sometimes be worth empl
of blood from a yein with a mupmmlyrinul m&ﬁ?ﬁmﬁ tube eontainirg

threads with a rowgh straight pi of wire snd examine the sedim
low-power objective Microfilana if pressnt will be menaenunded i;n‘d:e colion

No assistance will be obtained from the blood count. Eosnophita,
though frequently present 13 too inconstant a finding to be of erther
pomtive or negative value

() Immunologmcal teats.—A complement fixation test i which the
antigen is grepa.red from the dog filaria Dirofilana tmmitus hes proved
successful but apparently 1s dependent on the worm elive,

The smmpler intradermal tost has been used more widely but there
15 considerable vamation mn the technlque used A 1 m 8,000 Dirofilera
anhﬁ with 0.3 per cent phenol of which 001 .0 cm. Is given by meens of
a tuberculin syrmge, gives & mmimum of false poaitive reactions even m
allergic individuals. A weal of at least 1 cem. 1 diameter will fndieate
n pontive reaction. A H Hamulton (personal commumnieation), basing his
opinion on expertence o the Enst Indies contidera that posmtive intradermal
tests with dwofilara antigen are of hittle vahte since about two out of three
normal nathes will show postive results. A negatrve test however he
conmders to bo of the greatest value as excluding filaral infection.

These intradermal tests for which a really satisfactory standard
technique has still to be found indicate rather the reactivity of the host
than the presence of the worms. Their partioular usefulneas will not be
m a highly endemic ares but to dirgnose an obscure lymphangtis in &
patient who has at one time been in an endemio area but shows no miero-
filans 1n the blood

A flocoulation test with hydrocele fuid has a lmnited usefulness

(2) Unine —The milky urine in chyluria can be identified with the
naked eve For this method of uxamination for filaria gee p 640 above

(e) Other procedures —These 1nclude cystoscopy and pyel phy
to 1dentify tho sites of the ruptured lf'%ph varices 10 |:hylum|'i roen

phy to show the presence of caloified filarie and gland biopsy to
1dent1fy the adult worm.

PREVENTION

This must be conmdered under two headmngs —

A The prevention of the apread of mfection

B The prevention of attacks in those already mfected d

A. The prevennon of the spread of infection —The reader shout
refer back to p 636 where the cesentials for tran.mumon and the factors
concerned m endemucity are discu sed. These are —

() The sourte of wnfection mucrofilarie m the penphenl blood of man.
(1) The vector mosquito

Buacelmbl
((l::)) The inhﬂb::t‘wnoen () and () and (r) and {a))

This aspect of prevention can be duscussed shortly under cach of these

h
four (tﬁ%s the only sourco of microfilerie but in highly endermchllreuwd
s very large percentage of the community will have them in ﬂn:.ﬂ'm o
Further there is no g that has more than a very temporary
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the merofilame in the blood Therefore anv attempt at wholesale
stenlization  of infected individual e at pre<ent out of the question

Begregntion of infected commumities should as far as posmble be
practired This may be advi able when labour forcer police or armics
are recruited from endermue arcas and are to be employed in areas where
transmisqon js posmble.

Again tho eclreumstancea might be such that 1t would be advisable
to weed out altogether thoee who had microfilarie in their blood. If this
were deeided upon it would bo advimablo to examine severnl night bload
specimens from each individual

In cndemic nrear the highest infection rate Js amongst the poorer
clarses of people who have made no attempt to protect themeclves from
mosquato bitea eo that the umnfected should build their houses well away
from poor ela  dwellings and should aece that any rervants that are allowed
to elecp mn their houses are free from infection

?ﬂ; Control of the transmitting moequito will provide the most
promusing Ime of attack While at least o dozen epecies bolonging to
tour genern Culer 4eder Vansomndes and 4nopheler have been found
fected 1n nature and many others havo been infected experimentally
Culer fatigans 1a the predominant transmitter in India and in many other
tropical countries It 1s a night feeder a breeder in dirty and stagnant
water and is comparatively local in 1ts habits it 15 not therefore very
difficult to control around dwellings by the usual measures directed against
either larvee or adulte  When 1t 18 ascertained that some other species 18
the mam transmitter 1n any locality special messures must be directed
agamst that epecies  The subject of mosquito control is beyond the sco
of this book, but some further references to anti mosquito measures will
be found on pages 113 to 117

(i) There  nothing to be said under this heading as there 13 httle
evidence that there 18 any indidual immunity to mfection and there is
ca’tnhﬂ{ no evidence that 1t s posmble to induce or merease such immunity

() In mstitutions or even 1n households infected persons must be
kept m mosquito-proof rooms or at least under mosquito nets at might
order to prevent infection of the local mosquitoes

Conversely for personal protection m motquito-ridden endemue Breas
ecTeculg  moxquito nets switable clothing and repellents should always
be ured as a precaution agaimnst being bitten by infected mosquitoes

B The prevenuon of attacks in those already 1nfected.—The most
1mportant measure 1s the removal of any eeptic focus that might through
the blood give nte to wfection at the site of a dead worm or in tissue
otherwise damaged by filarial metabolites This may be an external one
eg a tinea infection or dermatitis or an internal one ey pyorthea an
apleal abscess eeptic tonmls mouses gall bladder prostate or
urinary tract or a bowel lemon such ar chronic amcebiasis or a Shigella
mfection  Elmunation of ruch a focus eg of n sub-clinical amcebie infee
tion by a courre of carbareone or dmdoqum will often reduecc appreeiably
the number of febnle attacks that a patient suffers

Thia preeautton should be taken 1w all infected perrons nhether thev
have suffered previous attacks or not

However as well as by removing eeptic for1 perszons who have
alrendy had attacke of filanal lvinphangitic or rome other filanal syndrome
ean reduce considernbly the chances of further attacks by mamtainmg
good general health and 1f possible moving to a cooler elimate A recom
mendation to this effect u ually can be made with a clear conzcience as
even i such persons have microfilarie in their blood and there are Culer
fatigans or other vectors in the locality thev will not be a tource of danger
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to the new community amongst whom they go to Ive, provided the tem

ture and humidity are outside the ranges wﬁothm whfcg tranamisson 0:;1
(vide supra) It w however, quite unnetewssry to recommend such a
measure £s transfer to & cold clumate for an nfected person who hay

suffered no clhmeal attacks except of eourse as a means of preventing
mfection

TREATMENT
Intraduction —The treatment of this eondition 18 more unsatis{aetory
than that of almost any other fropical dusease but partly becaussiof thu
and also because of the vanety of the chmeal conditions that occur in
filanal infection, & very groat deal has been written on . It s proposed
to treat the subject summanly here It can best be conmdered under the
following headings -~
A. Specific treatment
B Treatment of secondary mfections
C  ‘The rehef of lymphatic obstrustion
D Palistive treatment for special conditions
A Speafic treatment —No true speaific han et been found but
there does not seem to be any vahd reason why at some future date ooz
should not be expected. Some drugs when given intravenously appesr to
dextroy the microfilarie but this does nothing towards helping the patient
for the adult worm, which 18 not in the biood siream is loft intact. When
the adult worm hag once settled n the iissues 1w ia difficelt to resch it
The best method would be to injest some drug that is absorbed by the
Ivinphatics distally to the worm so that 1t would get behind 1, s0 to
8 or in the ease of chyluria and other syndromes following ehyle
varx & that would be absorbed from the intestmal tract mto the
lacteals. It has been suggested that 1t would be dangerous to destroy all
the worms 1n sifu at one time 1t might tertainly eause a gharp reaction in
heavily wnfected cases but should we find such a drug i would probably
not be very difficult to temper the trentment to the heavily infected
Antunonvl tartrates were used by Rogers m 1817 but it was shown
that thess compounds bad no effect on the microfilarim although they bad
certain beneficinl results on the E;gologmal lesions produced by the
te, Vanous pther drugs have suggested from to time. The
ilariass Commussion of the London School of Tropreal Mediome wurhal
n British Guiana 1n 1921 expenimented with many preparations but v‘()leen
out success Systematic chmienl experiments with various drugs have
earrred out by Rao ﬂt.ti the Caleutta School uff ?P!?ﬁclct“ ‘_c;-ﬂ;tﬂ‘-“'iﬂ*
tho last 20 years Patlents at vorious stages of the infection
by drugs wgoae themmc efficiency 1n other porasitic infection was knowa.
The results may be

stated — be
Of the argano-metalﬁc compounds soamin {ntoxyl) appesars tom
most satisinctory 1n controlling the symptoms in the early s It

ally
be gven subeutaneously mtramuscularly or intravenously snd 1s ust
nonpumc slthough b few exceptionally susceptible persons whe extubit
toxio ptoms even after the first {mﬁﬁ?;d Et“e bei::lauln;l]etc:;'fl
There does not appear o be ony apprecisble reduction

count, oven after a full course of treatment with thia d:ugﬁ;xém mﬂﬂ!m i.
cases the patients have remeined free from fever and Iymp tis

} time nfter treatment with soamun. Certain other arsemc com

sﬁg s tryparsamide novarsenobillon and sulfarrencl, have ng:;m almost
as satisfectory results as soamin tryparsamide given m 2 to : m
doses miravenously appeared to control the symptoms in ehy

i
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Practically all available organie compounds containing antimony were
invesigated Of theso the trivalent compound Fouadin gave the most
satisfnctory rexults The drug ean be administered subcutancously, intra
muscnlarly or mtravenously and i non toxie  The effect of the érug on
the filaral paramte scems to be temporary aa the microfilarim reappear
m the blood nfter the lapse of some days though it may be scveral weeks
before they reach their previous lovel This drug usually eontrols the
inflammation and fever for a conmderablo time,

A tecent nddition to the antimony drugs used in this discase 1s anthio-
mahine—lithium antimony tlhomalate  &ome workers have claimed good
results m reducing the microfilaria counts for severnl months at leost. It
1 given intmmw-culurli] 1 doses of 2 cem to 4 cem of o 8 per cent
rolution nccording to the patients tolerance on alternate days up te 10
dozes

Boveral vegetable drugs which are reported to be cfficacious 1n allied
helmntline mfeetion wero admimistéred orally and in rome enzes by injec
tion O1l of chenopodium ap to give satisfactory results 1 eome
entex when piven intramuscularly 1t reduced the number of embryos n
the circulation and eontrolled the attacks of lymphangitis but the injec
tions caused painful reactions

B Treatment of secondary infections —This should be consdered
under the headmgs —

(1) Local treatment.
(1) General chemotherapeutic treatment

{rY) Vaccme treatment

(1t) The search for and eradication of septio foct

(i) Locl treatment will naturally depend largely on the part, affected
and the nature of the lesions  Uleers on an elephantaid leg wall in someo
casc« be benefited by elevation of the hmb followed by the application of
pondered smulphonamide to the ulcerated aren and tight strupping of the
whole affected part of the hmb with elastoplast or some similar material
which must be left for several days

For lymphangitls and lymphademtis whether thers 18 secondary
mfection or not, hot fomentations and local applieation of heat by the
infra red lamp will rebeve the pam and reduce the inflammation

() Of general chemotherapennc agents the new sulpha dru
have proved verv useful in the treatment of secon: infections of all
kinds and very eatisfactory results have been obtained in the trentment
of such very eerrous conditions as epididvmo-orclutis and funicubiis by the
admmi<tration of red prontoui «ulphapvridine and sulphathiazole have
alzo proved very effective but 1t 1 probable that new and more effective
anty treptocoecal druga eg pemiedhin will be in general u ¢ by the time
this chapter 1 printed.

(m) Vacanes have been the mminstay n tho treatment of many
filanal lemons for some timo and 1t ecems doubtful if the good effecta
elaumed and in tome cases undoubtedly produced, ean be attributed to the
specific action of the vaecines on the secondarv Infection. The effect has
Ezbnbl\ been that of non specific proten therapy 1n many eases This

obviously been the line of thought of eome workers who have used
tvphold vaceines or milk injections

A vacoine, eonmsting of 10 million hemoly tic streptococel of many
strains and 50 million staphylococel of scveral srains of aurcus and albus

been used by Rao at the Calcutte t¢hool of Tropieal Medicine over a
period of 15 years in more than 50000 cascs  The vacelne 13 glien intra
cutancou ly 1n doses of 002 con to 01 cem twice weekly up to a total
of 15 to 20 injectton  The ameliorntive effects have been rufficiently
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The female worm messures 55 mm. in length with a dismeter of
016 mm The mouth 1 termmal without ap dages or ips  The vulval
opening 1s 0.88 mm from the tip of the taLrenTha eral course of the
uterus and its branches ending in ovanes is practical y the same as mn the
female of Wuchereris bancrofty

The ovum varies greatly in smze measuring 0027 mm. long and
0018 mm broad.

The average length of the embryo mn the fresh state is 263 microns
whle 1n smear preparations 1t is 180 microns (177 to 230 mierons) The
moet distmotive character m the embryo of this species 18 the presence of
two discrete nuclel at the tip of the tail

The adalt Wucherena mala%z hives in the Jymphatics of the extremities
m man end the sheathed embryos circulate m the blond showing a
nooturnal penodicity

Intermediate hosts—The obfef transmitiers of the parasits are
Tamorhynchus (M d lifera T (M des) umformu
and T (Mansomoides) mdiana (Indis and Malaya) T (Mentomoudes)
longipalms (Malaya) Anopheles barbirostris (Celebes) and Anopheles
hyreanus var smensu (China), other potential transmitters aro Anopheles
hyrcanus var mgerrunus Armigeres obturbans In India Temorhynchus
spp breed on the common water plant Pustia stratiotes found in ponds
and tanks (T e.n;m' 1935) whie 1n Assam they breed also on the water
hyacmth andy ol gress (Fraser 1938) and in Malaya in mangrove

swam,
Sp;mptomatolog’ ~—The pathological leaions produced by thus parante
consisi of lymphatic obstruction of the extremities Perlodical
infiammatory attacks of the )ymgvhnnc vessels and ds occanionally
endmg in rbapesses are common. No case of genital affection of hydrocsle,
or of chyluria due to this paramte has so far been reported.

Prevention —This conmats 1 antd mnst};:tu measures snd 1o the
prevention of bites by imfected mosqurtoes North Travincore, Sm}
and Pillal (1637) have reported succesaful results in the cradication o
Wuchereria malagy nfection by & periodical hand removal of the Puha
plants from the ponds, but as in some locahities nt least it can live on
other plants (Fraser loc cit) thia method may prove dusappointing

Tl:!atmmt.-——Nu ific in known The treatment of the acute
chronie stages of the apmducﬁlbytheueg:.ruﬂmhouﬂlﬂnm
finea a» in the case of infection with Wushsrera bancrofts

~
FILARIASIS DUE TO LOA LOA

d
Definttion —Loaiams or Loa log infection 15 caused by the flariol
worm, Lg; lza (Cobbold, 1888) :npa.rulte that wanders in the mbeutanm
tisgue giving riss to o swallings (Calabar swellings) and to .Intc'
reaction m the oye W anm &a.u under the conjunctiva The
mediate hosts are oertnlntﬁldr bl’tj.e &5 of the genus Chrysops which transmit
tion to man
o i,:LrGeog\’:lm Dpnh!cal du?ny'buuon ——It has a wide distribution in West nnﬂ
Central Afnea partioulsrly along the river Congo and its tributanics.
rasite of the same ﬁl;m was reported by Maplestons (1938) from India
E:glvaitthan,lmc wnquirenda proviai y to 34 rom.
The parasite.—The average length of the male 13 30 mm. to taber
and the breadth about 04 mm. The cuticle 18 embossed mt-hdpm
ances, The female varies in lepgth from §0 mm tommm,fmwl-!ﬂhou‘
0.6 mm. broad  The microfilana 1a tho same length a» that o ucherera
bancroft: and has a sheath,



ONCHOCERCIASIS 053

The microfilarim exhubit diurnel penodicity and are transmitted by
Chrysops dimdiata and Chrysops silacea.

The infective third stage Iarvm appear at the proboscis of thess flies
in about ten days but their growth to the adult stage In man is believed
to take reveral years and they may live for up to 16 years

The baboon also acts as a host to this infection

Symptomatology —Generally the worm infection does not give rse
to any sgns or symptomr  However 1n some caecs fugmtine swollings ax
large as & hen's egg kuown as Calabar mtlllnf oceur on the courss of
the worm's migrations The worms migrate in the arms across the bridge
of the nose, acrosa the eyeball under the conjunctiva, or In any other part
of the body The swellings aro hot tender and pﬂnfu.l they Iast for a
few days or weeks and then disappear suddenly and they are probably
allergic 1n nature.

m%ther and symptoms of disease produced by this parasite are
urticana hn\lﬁr)celo Iymphatic eedemn and a

Preventnon —This consists 1n nal protection from the bites of
tabamid files and measures to control theso flies.

Treatment.—No drug so far used has m{ lethal effeet on the paramte
n tho human system. Cold applications of sedative lotions and com
presses relieve the pain  The annoying mugrations of the worm may be
cut short by surgical removal as they come near to the surface when they
cross the bndge of the nose this is a convenient place to cateh them

ONCHOCERCIASIS

Defimitton —Onchocerciams or mfection by the helminthic parasite
Onchocercus volvulus (Leuckart, 1893) is characterized by tumours in the
subcutaneous tissues which appear in different of the
1t is transmitted from man to man by a gnat (8imulium) The eondition
1 found m & wide area in tropleal Afrien from Benegal to the Bel
Congo, s far east as the Budan and Kenya Colony end in
areas 1n southern Mexico and Guatemala, In GQuatemals the infection is
chiefly found in coffes plantations on the Pacifio slopes of Guatemala at
elevations between 1,808 and 6 000 fest The paramte found in Guatemala
bas been piven the name Onchocercus cacuttens (Brumpt 1919) but it b
now believed to be identical with Onchocercus volvulus

The parasite.—The male adalt 18 20 mm. to 40 mm. long and 0.2 mm
broad the tail is bufbous at the tip and terminates in o aingle spiral furn.
The female is 60 mm to 70 mm. long and 0 4 mm. broad and ovoviviparous
the cg; has o peculiarly strated shell with o pomted process at each pole
',I‘he &n]croﬁ.ladz 19 eheathless 1t meavares 300 microns long and 8 microns

JIroAl

Intermediate hosts.—The embryos undergo development in the
thoracie museles of a Simulium fly 1n the same manner as those of 1 ucher
s banerofts in Culez fafigans Tho epeclea in Africa Is Simulium
damnosum and in Guatemala Sunul, avidum  Simul ochraceum and
Semuluem moosers.  These fhes breed 1n swiftly moving streams the larve
attach themeelves to stems twigs and leaves of plant on the banks floating
on the water The infectlon is most common in adult males, but tumours
have been reported in children even n:wrmmg a8 two mon

Symptomatology —Onchocercus vulus uces tumours of the
slan varying in size from a pen to & hen s egg ese firm fibrous tumours
gve rse to considerable pain in the early stages but only rarely
break down and farm abecesses They are partleularly palnful when they
occur near the jointe In aged patients thev are reported to form the
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starting point of neoplasms Lymphatio obstruction of the scrotum, forma
tion of hydrocele en ment, of teates and abscess formation produced b-
the worm have been recorded An allergle dermatitis may -oceur and
patients sometimes complam of pruntus

The nodules vary in number from one or two up {o 160 but m most
endemic areas there are seldom more than flve or six in one mdrvidusl
The number of lesions apfam:t]y depends on the of the infection
i the localily of endemicity the numbar of naturally infested fies may
vary from sbout 5 per cent to 33 per cent in highly endemic aress.

b Afriea, 85 per cent of the nodules are in parta of the body other
than the head but in Guatemala the diatribution fa reversed end most
nodules appear on the head

There are mstances in which the worms are present mn the tiwues
without preducing elinical nodules,

When the lesions oecur on the head epileptiform eonvulsjons due to
eromon of the cramum by the tumours of the periosteum have beem

reported.
Bye lenons —Photophobia discomfort and frratation assoclated mith
omallmcuvltu, epiphors and amblyopia msy preceds other visible chunm
and punotate keratitis and inflammation of the mis cihary body
chorord may follow MAllerofilarie may eventually invade the optle nerve
and cause bhindness. The aye ch ere aleo thought to be tario or
allergic 1 nature and due to metabolites produced by the worm in other
parts of the body, as they are somotimes unassociated with the actusl
presence of the microfilaris in tgluteyc Further, the changes are more
nounced in persons on a poor die

pro Blood picture —A verypgzlogh eosmophilie 1y the rule counts of 20 to
76 per cent, of the total leticocytes have been repartsd in Guatemals
Mexico

Treatment.—Exuislon of ltihattumour}a: 7 ﬁﬁy (appear 154 tgt;e E;:emmm
of avoiding subsequent complications Foua see p
havo uomege.ﬂ'eot on the leslons and results have been claimed from
the injection of & 0. per cemt solution of plarmpshin jnto the anterncs
hamber of th
° Prcvg:uo::y-ﬁmm pgainst Stmulum have not been very mcv&l;;
ful and Strong belhoves that an extensve nodule-removal that
reduces the logal resarvowr of infection 15 the most profitable preventy
measura,

tlon in the
anco of Becondary Infec

Acron B W andRuo B 8 (1829) ’I‘h&‘{:ngg;t ne le conday o 10 o

Afed Gar 6% be

Idem (1980)  Factors which delrrmin  the Duffercsces In 1“

Type of Lesione produeed by Filarks

m India. Indian” Med. Gar €5, a0,
Bapx, P H (1012) i'zZ:@;a.ru and ars m Frp T ,
.‘,:.u'&s(‘, F and Famer E C Clgtwl Lea and Feblger
{1943)
Faur, Puta st f wmalayl. [
ey B nGer ho 8
Gruucm, A W and Gues, F 9 i
el London
Filagot ' J
Irswoax, M O T (97 s
Bialogy of ¥ that

Idsm { of
selvos K



O\ CHOCERCIASI3 653

*Ireow, M O T (1830)
Idem (183%)

Idem {1239)

Luve, C A (1533)
Lerez, RO T (1024)

Low G C (1908)

Aariestonx, POA (1039)
M?lnm P A,und Rao 8 8
Mgcmaz, Pacn (1614)

F W )
Idem 1932)

Bar P N and Rio, B B (1039)

Rio 8 Bwmows (1024-1941)

R B. 8 and Marcmroxt, P A
{1940)

Sweer W C and Pruar, VM
[T

I:ntry of Filarla Larvme into the Bod&lCa\'ity of
bhe Mosquito  Paroniology 28
Stuhu t the E; o) Filanans
rn.vcmcorn Indian Med Res "Mem No 3)

Calens
Dlﬂomehﬁ(m of Mrerofllarur Wueherena ban-
erofts nnd Filana malayr. Indan J  Aled.

Rex
Niedanicr] o Benof I‘criodidty In T weherena
b croft Infection
nmi of the deann munon of the
don School o p:ml Medians  London
Behool &( Troplml Medieine Research Memotr

7
The Uncqual Didribution of Filarasis In the
Tméplu Tra Soc Trop Med and Hyy

1, 8t
Akn?h:hl“ur;l;fmmlﬁmm&h]

Indwm Gas
The Tail of the Mnle T ucherena banerofti  Rec
han Afus

Tilarasis tmnl hn\ and Manne Pereonnel
UN Navy Med Bumow

8ternal Punctures in ndien J Afed
Re 28, 003

Raearohes 1n the Western Pacife J C Phelp

’I‘l::dgoniolmf tho Dheass Syndrome in

t: of ]

chhrrer:lwbanmlh Infeeﬂou Trans Roy

Bos Trop ed‘ndﬂwuv
Chrium of Filamal Ongin® Bntuh J Urol 11

48
Annual Reports of Caloutia School
o] of Tropeal

'l'blelAdnltofM flana_malayl, 1977
®T0,
Indwm AMed Gas, TS, 159

Clearance of Putfla stratiotes as Control
Measure for F maloyn Infecton. Ind-an Aed,
Gar T2, T

ot roferred to meafieally m tho toxt



DRACONTIASIS, OR GUINEA WORM DISEASE

by
L Everard Napier and S Sundar Rao

DEeFINITION
Historlcar
GEOGRAPHICAL DISTEIBUTION
ZT110L0GY

Morphology of the parante

Cycle

Intermediate host (cyclops)

EPIDEAIOLOGY AXD FACTOES IN TRANSMIRSION
(a) Special social and sanilary crreumstances
(b) Swtable water supply
Incidenco year by year—Soason
(¢) The presence of cyclops
(d) Introduction of wfection
PATHOLOGY AND SYAMPTOMATOLOGTY

The incubation reaction—Local reactron—Site—Afultmle
infection~S8econ infection—Celluliti=—Sabacute absess formatioo—
Suppunation—Fibrothe changes.
ILangurrrey
Natural—Aequred.
Duavoss
Intradermal test
The antigen—Procedurs—Rexlt

PrEVENTION
Education and propaganda
Improvement of the water supply

Elimnation of cyclops
Phyzical—Chemical—Ruclogical

ggzeEgggaeel

g 2z

gges 23 3






0658 DRACONTIABIS OR CUINEA WORM DIRFANE

Paulus Aeginus wrote atating that m Indm and Egypt » clam o worms eafted
dracuneulj fcmodhﬂnmmhrpumof‘bebodylndmmedéndﬂwedm.
-ndthntdtcr.hmalbe&lnapcnedmdlbebmdamcwt Avicenns, the
Arsbian physician, named the worm vena medma a3 it was common in Medma.

Our present hoﬂdgalbmﬂthammd of thus
when Fa&chzn' ko, s Rostdan biologist in Turkestan, showsd that the embryo of
D di undergoes devel ! changes in cyelops. He obeerred
tbam!cdcdadarnuptotha[oartbmkmddatodtﬁattbaembq‘u
its metamorphoms on  the twcmhm day Fedschenkoa observation whith

N wan sh I i

cip ly d by
other workers, ineluding Mansen who 1 1 ted
and found that the e:drm of the gume?wu?emb% m?&}ﬁ
took place in the sixth weck. Leiper working in Africs {n 1907 added furtber
confirmation and produced the discaw imentally in monkeyw
In 1013, Liston Turkhud and Bhave extendsd thw work furiber 224
demonstral st the Hafflane Insti Bombey that & man who drank water
containing infected cyelops developed worm in 348 days
Gcogragucal dustributton —Quinea worm disease is widely distribated
in the trop It occurs 1n Asla Afriea and South Amerlea
In Ama 1t 18 found In cortaln parts of India Iran, Arab and
Turkestan and South East Rusma, m Africa, m the Nilo Valley 1 the
Anglo-Egyptian Sudan, in Uganda in Lake Chad district and Bornu, and
on the West Coast and n th America m the Carbbean Inlands and
n Britwh Guiana and Brasil
In Intha, the infection 18 confined principally to the western half of
the peninaula It occurs extenmvely in the Bombay Presidency ex o
<ome coastal arens south of Bombay Crty m the Nizam of Hyderabads
Domintons in the Madras Presdency in Rajputana {except the desert
areze) and Central Indiz n the cast part of the Central Pm-lmes& m
the North West tﬁmnncr Province mn Jammu district of Kashmr and
certain parts of the Punjab
The disease does not occur at all m the north-east part of India
namely, in B Awsam and the adjormng provinees nor I Ct'ﬂ“:h
Malaya or the Fast Indles (axcopt possibly 1n somo Ioeahities in the Dut
East {udla) Australessa China or the Pacific Islands Nor has 1t been
reported from Europe or North Amenea,

ZTIOLOGY

32 em.
Motpbol of the parasite —A fully grown female worm is
to 120 ;ga ((l}zgym 48 inches) long and 1.6 mm. o 17 mm. (about 1/16
weh) n diameter The worm 1 round smooth and milky white rir,a £o!
The head end 15 tapering and rounded  The tail, aleo tapering e
like a hook. The maturo worm 18 packed with embryos from hea
tall there are about three milhon embryos in cach worm. one ond
The male worm apparently measures from 12 mm. to 40 mm. long v
04 mm. broad but fow upi;elmem hn&bheen scon and these have most]
me from entally infected an
0 eEmbryg:p::ﬁmD.B mryn. to 075 mm long (1/42 mch) They hﬂf‘;ﬂ:,
fattened body and & tapenng tail They lio corled up on e oy
the worm but they soon astretoh out i water and begin to swim ipe]
with a tadpole-like motion Theg_hcan live in clesn water for a ‘?e e
muoh longer in muddy w{gte.r X ero is no further development 0
unti] they enter the cyclops
° ydc.—-Whll{ in water the mbzeua (firat ntage larve) nr:nﬁ}g‘;‘:
by the cyclops (as many as ten ma seen in one N't o Fend
to the body cavity where they un further de men :zlt he
of the fifth day the embryos Jose their tapering tails they mﬂtc )
gth day develop a bilo] tail and grow much longer (see pla
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All there chanpes take about two weehs in the summer 1ontlis  Theroe is
no further growth m ide the eyvclops

When infected cyelops are awallowed by man n drinking water they
are killed by the gastric julee in the stomach The lamo which were

elugzish hitherto become
very active and escape
from the dead cyclops
thc‘y pleree the mntestinal
wall and reach the
loose retroperitonenl
tissuic where they
develop further and then
nugrate to other parts
of the body of their
\ defimtivo host The full
development to the
mature adult stage takes
= s \ between cight months

1 the evcla of Infection from man @A 0BG year
m“rn &nm the fresh-water cyclops When  the femals

becomes pgravid it
migrates to the surfaee of the body usually to those parts that nre most
likels to come 1 contact with water eg legs and feet When the worm
reachex the site of cholee, 1t eceretes rome 1rritant matenal which nmongat
cther things causes & loeal reaction with the formation of a blister
Eventually wlhen 1t comes in contact with water the blister brenks and
the uterus prolapecs through the mouth or through a rupture m the
body wull of the worm appears at the mouth of the opening bursts and
thscharpe« & mulky fluid swarming with larve  These pass 1nto the water
where they may hve frec up to about a week after which they die unless
i the meantime they are swallowed by the cyclops present in the water
vhen the whole evele may be repeated

The discharpe of larve is determined by temperature in nature by
contaet with cold water but it can be preoipitated by the applieation of
& preee of ice or an ethyl-chioride spray  The migration of the adult worm
may alto be detennmed by thermotaxis as m Rajputana where bhistis
(wates-enrmiers) oarry water in loather bage on thowr backs and worms often
appear on the back.  In the people who carry water in pots on ther shouldera
or head the worm may appear on the neek or even on the Lead itself

TWhilst thers 18 no evidencs that man ever enjoys complete immunmity
from invasion by this worm there is evidence from inmmn expeniments in
Bombay m which volunteers were fed large numbers of infected eyclops
and only one developed a single worm and from numerous animal
cxperiments that only & small percentage of the larve ingested by man
reach matun!

Intermediate bost (cyclops) —Cyclopid® are present in most collee
tions of fresh water and are found throughout the year They breed
actively m the summer they nre farly abundant in the rainy season (July
through September) , and they decrease slightly in the winter months. They
hiave a pear sha symmetrical body with a forked tail two pairs of
antenne five pairs of swimming and one eye  ‘They measure about a
twelfth of an inch and are just v:?l":ie to the nahed eye  There are about
s1x #peeies of cyclopides in India They are —

A esocyclops lewckart AU evocyelops ancens
Ayalaus Punu-ydo&c fmbnatus and
deciprens Microcyclops k e
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Other species of cyclopidm 1n which development may take place
mclude coronatus magnus, prastnus serrulatus, quadncorns stremos
vernalis, vindy and venm/a- All of these feed readily upon the gumes
yorn larvm,

Cyclops thus mfected do not hive as long as uninfeoted ones but
have been found to hive up to two months. 'The aversge life of cyelops i
about thres montha but this period 18 conmderably affected by the tempera
ture of the water, and its acidity or alkalnity they dic when tho water i
warmed to & temperature of 60 C

EPIDEMIOLOGY AND FACTORS IN TRANSMISSION
It will be meem from the above desaription of the trensmssion eyele
that thres conditions are neceasary namely (i) contamination of the water
sug)ly with larvm by the definitivo host, man, (1) the prosence of surtable
ay og; m the water-supply to ot as intermediate hoet, and (=1} comsump-
tion by a susecptible host of the water cantaminated with mfected cyclope.
The condrtiona necessary for the disease to become endemie are therafore —
( special sot of soeis] and circamatanees fn which
o ARt B S B T S
m.
other parts, £5d other wnimals [Hisht act as defnitiye hoswe) aod setoodly. G
the 'b-)m t::rtbh vcun;u E?ilm ﬂhﬁ:ﬁ] al;mbaﬂl?muhxplv
! Wi an
mﬂsc):bo:;lgﬂmprmncao! of certain spoeies in sufliclent numbers =
ter

(‘3 the commeneement of the cycle by the introduetion of an mfoctsd person
into the eummunity

We will consider each ?I thc;.ctheml]id!twna m assoeistion with known
facts regarding the eprdemiology of the diseaso.

(3) Speaal soaal and samtary carcomstances.——Dracontiasn
known to be lmmted in 1ta dstribation to towns and villages where suth
conditions exist,

The water-supply of & large number of villoges in eal lndwg
tropical countries is from tanks (Lo reservoirs) or step-wells At i
mts around the tank are stone, brick or concrete steps that extend m

o tank two or three feot below the water lovel. It Is the local practies fo
welk down thess steps into the water in order to fill the water hﬁ
veniently, even if the tank 1s reserved for drnkmng water w bt O it
always the case. In fact, in many instances the willager will 4
himself and hus clothes, then wash out s mouth with the water an bnlldrm"ow
some &nd finally fill his or her water pot. The stop-well 15 8 ) tblmnk.
well with stepa leading down to and mto tho water as1in the case o o

Thus disense does not ocour 1 towsam\:here tgm-c isa gei%bodr:w“

6] from 8 tected souree ar m where pars,

pugnp;}»ywem urptrgbc wells are used exnlumg::ly Further the dxmwhg;

dmp‘peued from towms and villeges when the water-supply

r.hnn%e;l from the forraer to the latter ty})c chore for
o type of water-supply in use 18 o ten not a matter of free cho o

the community but is determmed by roul and clhmatic conditions :

example 1 very dry countnes ali n;tum\ ?ntcr supply must of necessi

the disease does not occur
b fmmﬁmdu,vm :diu;c:gd madividusls who have isken tho precaution d:df
bo or ﬁltcﬂng thewr drmking water from these sources have &

the feeders and do
1 ter supply — Cyclopidm are bottom

not ﬂ(()ll;r)ug‘;;:ut?c;p::elh t 4 rcqf?n & certain amount of orgame n;:ﬂt;:

for their food they are ssceptible to ehemica and phymcal changes
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water they fall an eaxy prey to fish of many speclex and finally they
naturally dis out when a well drice up

The disensc s confined to areas of moderate rainfall Rao has shown
that the average ramfall in the endemie arcas 18 between 10 and 40 wnches
n vear It does not occur in the Rajputana and Sind deserts which
often have no ramnfall during a whole year whereas in the neighbourmg
Centra] Indian States where the average annunl rainfall may not be
more than 12 inches there are many heawily infected areas and the
dieease nover appears in arcas of very heavy rainfall such as Bengal
and Assam in coetern India  In provinces such as Bengal where the
rural water-supply is almost exclusively from largo tanke it s probable
that fish, which are constantly present in theso large bodies of water
play an important part in destroying eyelops and preventing the discare

Further the inadence year by year 1s dependent on tho regular recur
rence of eultable rcaronal conditions and deviations from these conditions<
have often been shown to affeet the incidence Instances have been
recorded where the dusease has disappeared for soveral years after a flood
ing, which has washed out the cyclope from the wells reduced the orgame
matter and changed the chemical and physical composition of the water
and emilarly after & drought which hag caused the wells to dry

On the other hand in villages in which the normal annual ramfall
is on the high side 30 to 40 inches & drought that merely reduces but doe«
xt)g: dry up the wells will be followed by an increase m the incidence of

The season when most infections oceur 12 at the end of tho hot weather

z:n before the monroon rains armve ot this time the cyclops are present

the largest numbers as tho water 18 shallow and the argamec matter

18 at its bighest concentration  Further the concentration of eyclops makes
the water particularly infective at thus time of year

The incubation peniod 18 usually about one year and Raos collected
data show that the curve of the date of onsct o ptoms storts to nse
m March reaches its peak in July and falls until October after
which it remains nt o low level

(¢) The presence of cyclops —Conditions may be suitable for oyelope
without cyclops being present and the temporary or long standing
freedom from the disense of certam village communifies has been shown
to be due to this fact. After eyclops have been washed out flooding
ar dried out by drought it is often several years before the well becomes
restocked  wif cyclng ents with animals and even human
cxpenments (Liston Turkhud and Bhave loc. et ) eupgest that a heavy
doso of infected cyelupe has to be swallowed to ensure the establuhment
of infretion,

(d) Introduction of infection —Scveral instances have been rted
in which vllages in the enderme arca Liave remained free from infection
mtil an infected individual from a nelghbouring village arrived and
infected the local well Simularly, m an infeeted village when a well is
uved by one famuly or & v mmited community the family or the
community may remain free Irom tho discase for some time until a
member becomen infected by drinking from another well

PATHOLOGY AND 5YMPTOMATOLOGY
The third stage larveo cnter the tmsues of the definitive Lost by
passing through the mucous membrane and museular coats of the intestine
to reach the loose retropentoneal tissuc whero the worma mature and
mate. The mature Fru\"ld female now mugrates in the rubcutancous tissues
to a limb where 1t lies with ata liead nenr the extremirty of the limb and
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the bedy coiled mn the tocal subsutnneous tissues or extend

U length of the mb Up to this time the warmhuapmw%
diwed no pathologieal changes in the body of the hoat this therefons
sonshifutes the incubatron period it lasts about one year and durieg
this perod there are no indications of infeotion except perhaps qurmy
the last week or so when the worm ma possbly ic felt E; gentls
palpation, and paticnts sometimes state tliat they have felt the wom
movmg under the akun. At this point, the worm secretes some apparently
toxic subsatance that usually causes both a general and  loesl reaction i
the subcutaneous tissues

The onset of the general reaction s usually without any wi the
tent feels giddy and ill and may collam{a, he mmitsy hus i
eeblo and his heart sounds famnt he 1s ocyancsed or face

may swell and there is usunlly s painful swellng of the thet is
subsequently the mto of the local reaction and he may mffer from a
urtrearigl rash all over the body that 1s intensely irrfiating Thers is
usually a slight leucooytosis that is mamly due to an inerease 1 epalnophils
Thus attack which has been described as being allerglo m nature but whith
1s not unlike the typs of attack that may follow a sevars insset stmg o
even the bite of & mildly pouwonous aneke usually passes off in & few bours
and then the loeal igns becomp more promment. Bubsequent atiseks,
whether in the same season or tho following year, tend to be milder ths
seems 1o be against the theory that they are sllergic i nature ‘and siggesis
rather that the reaction 1s due to some toxie substance from the worm to
which i time the patiant devclops some tolerance.
oﬁThe local reaction follows immediately ar is comnardent with the general

reaction

The site of the loeal reaction 15 usually the ankle or the foot, but
varies accarding to the circumstances Ip Indis 1n about 90 per eent of
oases the worms pownt h 83 these are the parts of the body whith o~
monfy come 1o contact with water this is probably true of most endeme
areas The worm may appear however, in other parts of the body alo,
¢g on the arms, head, neck, chest back abdomen lons groms and
sorotum, end very mreh on the tongue and cyelids

Generally, a patient shows only ano worm at n tume, snd when thia
has disch its larve or has boon removed the pahent enjoys a U’-ﬂ?
respite until the next year when & fresh worm may a Case o
maluple 1nfection are howover not uncommon. A patient may show
twoormarewormxmthanmepartormdm‘wtagm‘taofthﬂ
either stmultancously or as is more common at short imtervals
one individual from Ra)x}mlam 2y many as twenty {wo worms Wﬁr;
removed at the School of scal Medicine Caloutts durmg one year an
us many as fifty-six worma have been found in one person at the esme

timo
Th Jocal red induration and vesmculation and eventuslly & blister
(aes pl:{: MD\OIV) 18 formed which 1f the contents are cxamined, wzﬂﬂb;

hown to consist of a clear yellow serous flmd with neutrophils ecam

;n% roononuelesr oclls but not usually any larve. The blaster con ue:

to enlarge and at the end of four or five days 1t wway have sttaned nti':n

of two to two and a half inches 1o diameter 1t eventuaﬂy.bux;la and

from its tunoel i Che subcutaneon L i or, Groueh oo
that rola;

‘t)lgc“;oudtyﬂ?:a)] ﬂr.war tge head tids loop of uterus bursts and the lar®

swim out (sees plate ) et als rades
t patent by the worm whic pro
is ufélrlu;-!h:l:; mdmhkegrgg lnn'uayit is an easy pomn for septic



1 \AIV

Frrame Hinter on the Teft ankle (font) Cuines worm emerging from the ule
prodner 1 by rulnca-worm opening of the blister)

Micro) botograph of Mewepelops Lowcka t u
w'th pumes-worm embrvov

Guives-worm emerdon from the lex.
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the body colled mn the focal subcutaneous tussues or extended along the
full length of the mb Up to this tumo the worm has apparently pro-
diced no pathological changes in the body of the hoat, thus therefore
constrtutes the incubation penod it lasts nbout one year, and durmy
thia period there are ro indications of infection t perhaps durmg
the last woek or ®o when the worm ma bly Eve felt E’,‘m&
palpation snd, paticnts sometimes atate t thoy have felt worm
moving under the shin At this point, the worm sceretes some apparently
toxig substance that usually causes both a genernl and s loea) rexetion in
the subouteneous tissues

The onset of the general reactzon is usually without any mrntn? the
patient feels gddy end 1), and may collapse he vomits hia i
feeble and his heart sounds famt, he 1s osed or m{gepale, face
may swell and there is usually & pamful swelling of hmb that B
subsequently the mite of the looal reaction, and he may suffer jrom an
urticanal rash all over the body that is intensely imtatmg. Thers »
usually a shght leucooytoass that 1s mamly due to an 1ncrease in
This attack, which hag besn described as bemng aliergio m nature bt which
18 not unlike the zﬁa of attack that may follow a severe insest sting o
wven the bite of & mildly poisonous anake usually passes off 1n a few hours
and then the locsl signs become moro munent. Subsequent attacks,
whether 1n the same season or the following fmr tend to bo milder ths
scems to be against the theory that they fre allerglo in nature Wnd suggests
rather thet the reaction 18 due to some toxis substance from the worm o
winch in tune the patient dovelopa some tolerance

The local reacnion follows immediately or 18 comeident with the general
reaction bt

The site of the loeal reaction is usually the ankle ar the foot, "
varies aocording to the circumstances In India 1n about 00 per cent
cases the worms point hero, as these arc the parts of the body Wh"’hdﬁ
monly come in contact wmith water this is probably true of most en o
areas. The worm may appear however In other parts of the body nnncf
eg on the arms head, neck, chest, back, abdomen, loms groms
sorotum and very rarely an the tongue and evelids hea this

Generally, & patlent shows only one worm at a bumo, apd e
has disoh ite larvi or has been removed the patient eﬂJUYBC:m o
resprte until the next year when a fresh worm may ap Tor
multiple infection are however, not uncommon A patrent mﬂr;y
two or more worms in the same part or in different parts of the
either mmultaneously or as is more common, at short mlﬂ‘lh-““
one wdividual from R“)IP"“"J‘ as many as twenty two mnI;‘_ o
removed at the School of ical Medicine Caleutta durng one tﬁi] came
as many as fifty six worms have been found n one person at the
time tually e blister
There 18 loeal red induration and vesiculation and eventually il be
(see plate XAIV) 1s formed which if the contents are mm;ia'
shown to consst of & clear yellow serous fluid with ncumﬁlglga o s
and mononuelear cells but not usunltl{v any larve. The ouned o frd
to colarge and at the end of four or five days It msy have o Sad then
of two to two and a half inches 1n dinmeter st eventunlly tmhm;: g portian
from 1ts tunnel mhil;e uu})cupst:;mugbm’lg mt‘;";ﬂ Frizh o rupture in
of Hs uterus that rola] lare
the body wall nliar \40 hoad this loop of uterus bursts and (bo
swin out (see to XXIV) trudes

Thus lfole E Lept patent by the worm which at [mmhfor septlo
sts uterus and discharges lamm 1t 15 an easy point ©
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o CONEE S LI R I T S S LA 1 arenn ent and dravn
meram {1 eecondary infeciont ¢ ttam to eerar bt provaded the
vermre e wwr th Jedr tr s sttt noath ef the tuan | in vhich
ghee 1 to mu v M rr It nav rm ont to an arca of redness
Prdmbm (et nom ) oprl Iad e i er tenlornes rome
sepharotl endet na httde 4 A en of the Ivmph tie glanleon the
mom Th~ g 3 mosav oror Gitutie Al ooy oen
Thesrmm v e ¢ ) befeoeat ren b the enrface f the
sare o af tle worm g Inel a vhale b extra t dthere wall be o
sharp Joes! reaction mleme th whel 1= hoof th ate of the dead worm
T may emly kmeemt 1) cellohitns »hach reent 1alic ubside  or there may
bt subacute abscess formation st differ 3t pan rlong the ste of the
%orm or th #ite masy bercan enlanlh it 1and suppurate with the
uvertborcl anl e nerelres tion Tl soppuration may intolve important
grurture  fepdem #h oot )t oreven Plaad v el and cau e rerious
tomphieation  anl cven o ath from premia er cphiemmia
Fmallv when th anflumenats noouts 1 {here mav be fibtotie changes
s tle whol mt of th v mn w1 o e ar { rmation pain
wd contracture ar (1 yemam of th verm mav beenme ealeified and
faue punful lumpe ehtmmie urthinty f 0 evnovitt or neunh
The path Vomiend yroe w enn thy e ammanzed —
W Apt tofm  em) tmr pta 3 1 1 oot asocnted with

sy patl lop el 1 onpe
Yy Agnmly o noaw st legt the ) tac mb

Ham iy b st el e ) oW

(9] A‘t'l:ln rtion ndnpan il e f ~ fm th b orous tisuce
at roant T4 tar (1 = tn v

C) Anwn” of infimistim L mbintum 4t weonlyv mf etoa
tit gy tefemypn f e wom

(

(fnimu tlacut alace form Gen oo p) mton bng the course

of the worm af W o o bl d

() T roms or ralafieation with v nous = 11 compheaton  chrome
arthntiy, smovite or 5 A0

IMMUNITY
mmmmi re i no evidenee thiat there 3 any natural race class sex or age
euff ty on the other hand not ail tho e that snallos infeeted cyclops
e?nfﬁn ﬁho g t of five sub~
¢ burnag riment referred to above only one out of five
- !hmm m(“mm““d very frequently many of the members of fll
(1904 ol whosc well | liearily tfected will esenpe infection  But vate
lrum’ Ports an ineident i which 21 members of & y d.mnk{‘&\ er
hecnm:n infected well, during a vint of tno days only scven of them
{nfected and showed symaptoms from 114 {o 13 months later
are repon, ix no evidence that any immunity 15 acquired as many ipstances
&mr;:m“‘fd in wlich patients have been infected ycar after year an :gmr:
tme ¢t these persons have been subjected to wmfection for only a ol
each year whil visiung thew native villages Again o a ;’illtu ;:;
these distriet tn India 165 out of & population of 1,085 were in 'ctu of
mnhypml had mngle and 24 multiple feetions The large percen ge]a
ment 1}’ itfections 1 this villago certninly does not suggest the develop~
T ey, epccial fmmunity after the fiat nfoction .
ter L2 ¥Oud apear therefore that thero is n personal factor that ncwut
n;':lﬁma individuals being more camly infected than athers Tips fac_[r‘;\[
be s 20t Deceaarily be of the nature of a true hmmunity, but 1t vy ¥
400 variable physologieal factor euch ns gastne seidity

L]
A Polmn series would give only about 18 second Infecticns.
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The fact that the general roaction shows a tepden
cy to decreass with
succesmive attacks has been referred to above th suggests opten;
tolerance to the toxin ' from the WOTgLa this devel ot

Thus DIAGNOSIS
will eeldom presont sny diffioulty when once tho worm has
presented and when one suspests the condition 1t 1 often posaibls 10
feel %;z cotled worm ung:r thn%rizm at an earlier date.

o o8 can co; ed by the mntradermal texe suggested
v G W 8t C Ramasy (1835) the technique of whuch s as follows —

The antigen —This s obtamned from a dried apd wdered guines-worm
025 gmmme 1 shaken in 100 e.om arctheffortwuhour-plotmomtampalumin
tho remd dared fres and G

Remlt—A weal 2 to 3 em. m dmmeter with pasudopodia I eonsidered &
pomtive reaction
The exact positon of the worm may be ascertamed by njecting 1t
with Iipiodol and x raymg the lunb  The postion of caleified worms
can also be demonstrated gy skisgraphy .
There 18 usually a marhed comnoplulia, up to 15 per cent but this
finding 19 not specifie as 1t occurs in many other helmmthie infoctions.

PREVENTION
The reader should refer back to the paragraphs on Etiology he will
seo that the cssentials for transmussion to gceur are, (a) the contamination
of the water-supply by an infestod definrtrvo hoat, (b) the presence of
cyclops, the intermediata host, in the water supply and (c) the consumption
of water containmg hive infected oyclops by a susceptible person.
Defipitive hosts other than man seldom play any important part m
the human nfestion-cyele, The endless cham, man-syclops-man can be
broken at aither link or the oyclops can be e
For the diseass to be transmiited two elementary prnoiples of
sanitation have to be violated and if erther is adhered to that iy o
chreet human contact with the drnking wata-—supptlgeu obviated or sl
the water used for dnnking is sul&ected to oven moat rudimentary
farm of flltraton or Bmilimmn & e dmaatdse will notdoecur p’l;h&re{,ﬂ‘f'
the most important stops in provention are education and propa
1n the endemic areas m India at least the habits of the peopls with regard
to washing and drinking are deeply mngramed and amount to & Qua?m
relynous ritual against which it 1s diffioult to make headws the
The next measure s improvement of the mm-mpp&{ﬁmt i
lagement of the unsatwsfactory water-supply by a satisfactory 03:
poasible & pipe supply from & protected source should be wﬂh p
but the cminvvamon of atep—u‘ well b;ng:ﬁ pn;parl} proteotad draw welis,
ump-we cacious
bette’;igg m%.lo t‘;e ml:ny instances when from the naturs of the'tu-rd!l;
or for economio reasons 1t 18 not posaible to do this {hen measures must
directed agsinst the cyclops but any measures of this kand m‘éﬂf
e e soraLaley soactraed .
6 0 & commun con!
Min'::med.._m or the elimination of cyclops may bo (3) phyﬂcal (v
ea), or (ui) biological
Cbem(Jn i’byu(n?-—-'l’bo sudden of the tempesature of m&@;‘ﬁg"‘r
degrees will kill cyclops therefore the bubbling of stesm thm'n‘SI nu“ L bas
been suggested and used as & means of contro}  Unfortunately
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that 1t 1= posmble to appls by thi mean  docs not hill the egga of the
eyclops #o that the imaginew appear 1n the well agmin within a fen weeks
1t 13 therefore not & practieable measure

{v) Chemical —A\lost chemicala have the ¢ame hnutation that 1s
they do not d the egr  exeept n very hlﬁ:} unpracticable concentra
tions. Lims 13 perhaps the most practieable substance to use as it 1s often
available locul.lf' One drachm of lime 1n one gallen of water (or about one
gramme to o litre) will destroy evelops ic quantity of water in a
well ean be caleulated from the formula 48 x d* x w wiem d and w are
the diameter and depth reapectively of the well m fect (or sec p 388)

(1) Blologncal —F1sh will eat both the larvm and the guinen worm
cmbryos and Moorthy nnd Sweet (1838) used this method successfully for
controlling  gumea worm  the species (hng recommended were  Barbus
quckelly ticto sophore and chola and Rasbora domconue

To summanze control is effected by —

(1) education and propaganda

(1) provimon of a piped water supply or at least closuro of step-
wells, or as a teroporismg measure by

(ul') destruction of evelops by phyaieal chemieal or biolomeal means

TREATMENT

The aim of treatment should be the destruction of the worm preferably
before 1t begins to pive rise to svmptoms hut no drug has yet becn shown
to cffect this. In fhc abeenee of o apecifie tho treatment must be aimed
at amehorating the clinieal mamfeatations and preventing the more serious
complications of thie infeetion

It will bo convenient to refir back to the six pathologeal procerses
tummanzed above and to discusa the treatment 1n each case exeept the
first as m the nbecnce of & speeific there 13 no appropriatoe treatment at
ths stage

() The general reacuon —Farly and Laston (1924) olaum that this
attack can be cut short by the admmstration of 10 mumms of adrenalin

(wi) The local reaction — Tlu cannot be prevented but 1t ean be

eved to some extent by hot and/or cold applications locally

() The local inflammanon at the point of emergence of worm —
This can be hmlted by antisoptic dressings local hot fomentations and
fo some extent by the administration of sulihomumdca Early removal
of the worm (vide 1nfra) will allow thrs to heal and limut tho duration

of this stape

(v) Cellulins along the course of the dead worm —If 1t i3 left the
worm will eventually die and, if ita removal 1 attempted ind y it will
break and the remaimng portion will die in either easa a us for septic

fechon will be left, Removal of tho whole worm 13 therefore the
cotmderation under this

oval of the worm —The method of n:no\’x::f‘ the worm that has
been practised for generations in the villages where the discase occurs is
to wind the head of the worm around a tmall twig or a piece of bamboo
and to EVBT%I: bamboo one turn each dav unLtlil {)he ‘;’thnliworml has been

method 15 uently successl ut it takes a long time
Manson a mod.lﬁmun n Whlf:h tho utferu.s 1 ﬂxi:lt en:pugt?
€ocouraging oviposition by repeated applications of ice ar cold water 3
onfice, so 51:.\'. mwurmbybecop::u fiat and ean more eanly be rumrvrds-
winding process There 1s much to be sald for thit primitive meth

i 1t 18 carmied out carefully and with aseptie precantions
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The fact that the gonera! reaction ahows a tendency to deerease mith
successtve attacks has been referred to abovo th suggests pmgn“
tolerance to the toxan’ frpm the worm * develo bel

DIAGNOSIS
This will seidom present any dfioulty when onee the worm has
bresented and when one suspects the condition it is often pomible to
feal the coiled worm under tho skin at an earlier date.
The disgnosms can be confirmed by the mmtradermal test suggesied
by G W Bt. C Ramsay (1835) the technique of which i as follows —
‘The antigen.——This iy obtained f and
025 p'u.m:;o L’“—Mm in 100 cem. of ?Lhu;r‘!ordtn:g hnunmwmmt%mh
order to remove the Lipaids the remdue is rendersd ether-free and fa extractsd
by ahaking in 100 cem of 08Y per cent wodiam chlonds for four bour at 37°C
and after centrfugalisation this ls passed through a no 6 Beits filtsr
Procrdure~—01 cem of thiy 1v injected mindermaly
Resaft—A weal 2 to 3 em. m dlameter with peeudopodia B considercd &
positive reaction
The exact pomtion of the worm may be ascertaned myesting it
with hipiodol and z-ra the hmb ¢ pomtion of caletfied worms
can also be demonatrateydmﬁy skiagraphy -
There 18 usuelly s marked eosinophilia up to 15 [;:r cent  but this
finding s not apecific as 1t oceurs :n many other helmmthre infeetions.

PREVENTION

The reader ahould refer back to the paragraphs on Ktiology he wil
s?ettﬁmt the eaaent;alsbf;r m{njmwndm are (a()b)th&cont‘ummﬁm;
of the water-supply by an infeo ve_ host, o prescnce o
cvelops the intermediate host 1n the water-supply and (c) the consumption
of water containmg live infected cyclops by a susceptible person.

Defimtive hosts other than man seldom plav any important part
the human wnfection-cyele. The endless cbain mnnﬁclcps—mm, oan be
broken at exther link or the eyclops can be elfmina

Far the duease to be tranamitted two elemen prinefples of
santtation have to be violated and 1f cither 1 adh to, that » X
dwrest human contset with the drinking water supply s obviated or A
the water uscd for drnking is subjected to oven the most rudimentarsy
form of fltration or stanhutmn,t o dmaaaso will notdoccur p’?d;ﬁefom
the most 1mportant steps in prevention are edocation an
n the enderale sreas ;?‘Indm a.té lm)sty the hnb;t; ofdthe peoptet\;itil
to and drinking are deeply mgrained and amoun
religious ritual against which it Is dxﬂiouﬁnto make hmdm\f' the

The next measure 1s 1mprovement of the water-supply that b
replacement of the unsatisfactory water—supply by a satisfectory m:;:

are poesble, a pipe supply from a protested source ahould be aiall o
but the convermon of nrtep-v‘:":z‘]lllab}au:cfvﬁ pn;perly protestsd draw wells

into wells encious

heue’hsat;él will mny mstances when from the nature of the tmdnmbe»
or for economio reasons l;t ull;ot possible to do t?m&&m{m m
directed agatnst the eye ut Any measures o mﬂm‘h@
measures and this faﬁtus]ht%‘llcfl ttf fully apprguﬁé:ﬁm ble for

terested in, the of the communi
o mMmu.rm tor the ¢limination of cyelops may bo (i) phyziesl, ()

cal, or (1) biological.

ch"’m&‘,—) i’h".}a] ——Thoe?xgrd:fn s uli)fbltxk:g toefmpuature of g‘v;rlﬂtu:& {s
mmﬂ %;ﬁ;}m as uox:eun.: of controt Unforionately the best
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that it 1 possible to apply by tlus means docs not kill the eggs of the
evelops to that the imagine« appear w the well again within & fow wecke
1t 13 therefore not & practienble messure

(1) Chemical —\lost chemicnls have the game hmutation that is
they do not destroy the cgzs except in very high unpracticable concentra
tions  Limo 18 perhap+ the most practicable sabstanco to use as it is often
available locally  One drachm of lime 1n one gallon of water (or about one
gramme to a litre) will destroy evelops o quantity of water in &
well ean be cu](vulz:jtcd‘fmm the ‘fmimulni 4\9 X dn x v; where d and w are
the diameter and depth respectively of the woll in feet (or sec p 388)

(ui) Biological —F1 h will cat hoth the larve and the guinl::n worm
embryos and Moorthy and Sweet (1830) used this method successfully for
controllmg guinea worm the mpecies tl recommended were Barbus
puckells ticlo sophorc and chole and Rasbora dontconius

To summarize control 18 effected by —

(1) education and propaganda

(1) provison of a piped water-supply ot at least closure of step-
wells or as a temporizing measure by

(i) destruction of evelops by phvrical cliemieal or biologieal means

TREATMENT

The am of treatment should be the destruction of the worm, proferably
before 1t begins to mve nsc to symptoms  ut no drug lies yot been shown
to effeet this. In the abeenco of a specific the treatment must be aimed
at amehorating the clinical manifestations and preventing the more serioys
complications of the infection

It will be convenient to refir back to the mix pathological processes
summarnized above and to diseux the treatment in cach case exeept the
?hr:: 83 m the absence of o spetific there 13 no appropnate trentment gt

(d) The general reaction —Fairley and Liston (1924) olaim that thy
altack ean bo cut rliort by the admmstration of 10 mmims of adrenalin

usly
(1) The local reaction — Tl cannot be provented, but 1t eap be
eved to somo extent by hot and/or cold applioations locally

(t) The local mflammanion at the point of emergence of worsm,
This can be limited by antiseptic dressmgs loeal hot fomentations
h} some cxtent by the admimstration of sulphonamides Early Tremova)
gf %:Eworm (1nde wnfra) will allcw tlos to heal and limit the dutation

(v)_Cellulitis along the course of the dead worm —1f §t {5 left, the
worm will mmuy die and if 1ts removal ia attempted 1n ¥ 1 ol
break angd the remaimng portion will die in either case nJu, for te
mfection will bs loft. Removal of the whole worm iy therefore the
demhg:] under this headin thod of W

emoval of the worm —The me of removm, 6 worm

practised for generations in tho villages where L‘l::m dusenss that bay
fo wind the head of the worm around a rmall twig or & plece Dym" 1
and to give the hamboo one turn each day untdl the whole worm hay boo
remaved. The method 1 frequently successful but it tokes n long bexy
Manson suggested a modifieation 1 which the uterus is firss mmﬁm
encouraging oviposition by repeated applications of ice or cold Yater o by
onfice, so that the worm becomes flat and can more easily by the
the winding proccss. There is much to be sad for thiy pr[m}u"m 'dfx
1l it tn earried out carefully and with aseptic precautions eth,
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If the couree of the worm can be followed or 1f its exact pomt
be ghown by njecting collargol, Lipiodol -or some such uubstapl;'?eu::‘ict?:
mouth and along the whole Iengdl of the worm malkung 1t vimble under the
fluorcscent screen, and the course can be marked with a sk penell,
worm can be removed at one sitting by cutting down on it at it
disseeting open the sheath in which 1t lies and hoo up loops of the
worm This can be done panlessly under locsl anmsthema

In the event of the worm beng broken or of a portion being Jef
its absorption can be encouraged by hot fomentations apphed loeally m&
the administration of sulphonamides to prevent or curc sepms. Should thns
fail and abacesses form these will have ta be opened in the usual way

(vi) Sequelz —Finally if the worms become calcified or if fibrotic
cords are formed that cause pain or mterfere with the patient s movements
they must be removed surgically

PROGNOSIS

Generally, the patient is only temporarily incapacitated for work
dufing the few weeks following tho development of the blister After the
complete removal of the worm and the healing of the ulcer the patient may
be 1ft for work until the next eeason. Sometmmes however serious cow-
plications develop that may lead -cven to permanent deformity The
patients sometimes develop fixed jomnts (ankle or knce) as a result of the
prolonged immobilization on account of the mflammation and suppurabion
assooiated with the dieease and become crippled for life
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Introduction,—Infection with worms of this genus are apparently not
\1? uncommon in ammals but up to 1920 only eleven human mfections
had been reported  Maplestone and Bhaduri (1637) 1n reporting the fourth
case from India expressed the opinion that the infection was probably far
more common than had been believed hitherto and quoted the findings of
Prommas and Dacngevang (1834) and Castens (1835) in Siam (Thailand)
There 1» thus evidence that the nfection 18 more than & medieal cunoetty
end with a preater awareness on the part of the medical profession a wider
distibution of the infection may be recognised.

The infection 15 not a scrlous one and the commonest symptom ia
fugitive swellings in different parts of the body rather than erup-
tions that nn]eﬂso]frequently anoel%tlg with this mfe;eﬂon muau al

Geographiaal dstribution —— a to essentially 1
Cate« have been reported from Siam md) India Malnylbalm
-{apgn and Queernland More than the reported cases were obeerved

n Siam,

In Biam more females than males are affected

The parasite.—Gnathostoma sprmgerum is a relatively short nematode
worm varying from 11 mm to 54 mm. mlangthbhabcrubQ mm. 1n thick
et The mmmature adult the form that is usually recovered from man
way be only about 3 or 4 mm long and about 0.5 mm. in thicknese. It
has & very distinetive bulbous head around whioh there are eight rows of
hooks arranged ringwise The larve measuning lees than a millimetrs
and with only four rings of spines have also been recavered from man
The Ehagdensﬁc heads of the adult and larva are shown in figure 161
o p

The full cycle has not been worked out satisfactorily but it would
eppear that the trus definitive hosts are carnivores the tiger leopard

cat, and weasel have boen found infested m nature The ova are

by a erustacean (cyelops) in which they develop into larve A

econd intermediato host appears to be necessary fish and snakes

bave been suggested This second intermediate host Is eaten by the definl

trve host and development is complete (Prommas and Daengavang, 1536

1837)  As however only mobeut and mub infection has been

demonstrated in man it is suggested that the larve mav pomibly gaim
entranee through the skin
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Pathology and symptomatology —
al swelling of the alnpn and s E&%ﬁ“%ﬁiﬂmﬁ'm
g;n:p e:gymmﬁm u:’i mdelt&a which may or may not be pahﬂ' ul this diappear
D & 48y Or 80 to appear egain at

m ;l)?:i:tl: BAt no;.héer tl;tlme;htth: rwellings app:armﬁthﬁgt:‘:gm nbt:i
conaiderabla noe from tmues

often for several months but eventuall theqmuptgnﬂmgﬁtaw: point
just belaw the epidermis and causes a fmlhed cellular reaction, the ste
of which becomes scoondanly infected, and an abacess oceurs, when this

bursts

p history
that st some time the
worm has migrated In
the neck and prodused

a mllh:E m  the
host pharynx that eawsed

dyspea, and in ons

has emerged through th { the ph Inmwf;tlea&tibnm
em: o mucosa of the pharynx. o

hematemesis and/or hematuria have occurred, without nne;-n’uther

[ and have not recurred after the worm has emerged or been removed.

%ava!ewmhnvobmencountmndmwh&chthewombu

burrowed honzontally in the skin and produced a serpigmnous itchy rawsed

Linear eruption a condition that could be described as ' ereeping eruptwn
Dragnosis.—This oan cnly be made with certamtf by removing and

identifying the worm but a history of migratory swelling should certamly

Jead one to suspect thiy fnfection, especialiy if the Alarfal mlections can be

exoluded
Treatment and prevention ~—There 1 no known specifie and treatment

consists 1 the worm when 1t shows 1itself
Until more 18 known about the mtiology no preventive measures cii

be recommended

Figure 161 Cephaly ttes of the
) aduly, @) dasra.
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(a) The elumnation of the source of wfection
(b) Destructon of moltuscan termediats hosts
(6) Preventwn of conta tion of water with kuman
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(d) Obwation of contact with contamnated water
Treatment
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Emetine
Results of specific treatment
Symptomatic treatment
Prognoss
Introduction —There are two mam elinical forms of schistosomus,
pamely the vesieal and the intestmal forms The causal parmsttes of both
forms are trematodes of thodg;rmu Schutosoma the former is caused by
%, 1852), Weinland 1858 and of the latter
there are two types which are suffisiently different to warrant separate
conmderation one caused by Schistosoma mansom Bambon 1907 and the

other by Sehstosomn m Eatsurade 1904 Thess parasitca are
unmﬂyknuwnnsblooﬁu?:l
Hintorkal ~—The Fbert FPap, referred to hematuris thet was probably
schutosomal in nndeonﬂnr;lary vidence of the earfy existencs of the
m?{;idmh pmﬁodbyEuyﬂ:umummhl:wmtbm-Admoﬂ

88228228822 22

sttributed the M
{1913-14) d:ncminttd the Hfe eyole of the Schu: oo oo okt
Geographical dustribution ~—Of the ntestmal mfections 030ma
japorcum uﬁli‘);cuun occurs in China m the Yangtss valley, AIO‘D? "h"ﬁ
east coast of Chuna as far west as Hong Kong, then inland as arD]
Centon and n Formoss, the Philippines and the Celebes, and ut! a Y
atself there are five limfted fooi whereas § mansont In c:wm:mI e
North Branl the Guiness, Vencsuela and Puerto Rico and gevera an
West Indlan islands in West Afnca along the Congo Mﬁﬁulumu ot
Equatorial Africa in the northern and eastern part of the Nile
Northern Rhoduia} and Tanganyika land L‘Iadngasmr widel
The vesical ton—8 A 1] Is distmbuted widely Lhm‘-‘&uhp
Africn the endemio area extends along the whole of the north Mﬁh o
ihe Nile valley to Abysuma and down the east coast takiog i the
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contt of Madagnscar to Cape Colony throughout which it 18 cndemio it
occurs in the tropieal countries on the west conat including the Gold Coas
Jake Chad the Cameroons and Nigeria and also at the southern tip o
Western Europe in Spain and Portugal and in Palestine Arabia and Iraq

ATIOLOGY

The cansal organisms —The three spesics of achistosome have nlmgﬂ
been mentioned. eso schmtosomes havo five distinet st during th
Iife eycles namcly the ovum (dscharged from tho definitive host) the
mraeidiumn (free-living and in the intermediato host), the aporoentmgn
the intermediate host) the cercana (free-living and in {he definitive h )
nnd the male and female adults (in the deflnitive ho«t)

Man 1 the only important definitivo host of 8§ mansom ond
S hematobuom but 8 japomcum has many—man horso cattle dog eats
rats and mice The intermediato hosts arc molluses of scveral species
and a number of genera

The stages of the parasite that occur in man and his excrets nre des
enbed below —

Ova—The mature eggs arc 8 yellowish brown colour with a thmn
transparent ehell through which the maturo miracidium can be seen  They
are oval m shape § japorrcum 1s dustinetly shorter than the other two
but of about the same breadth The range of measurements as given by
Craig and Faurt (1943) and the distinguirhing charactensties of the ova
of the three £pecier are shown below —

Range 1= microns Bpecal eharacterutios
£ rapomrexm ‘Otnlmbymtoessmi;cﬂw:iﬂnmmwpoh with
5 mantoni 114 to 1 5 by 45 to 68 Prominent lateral spina near cme pole

8 hamatobium 112 to 170 by 40 to 70 Distmet spine at ans pole

Cercane —Thers are materially the eame m the three species
:Sbongh thote of

and a forked ta!
The bodies of the
cercarim of §
mansoz and S [g
hematobum aver
sge about 200 1_
mierons their
breadth is a little -~
lees than balf their 5
. { 1‘)?: il §
etem o tafl i
& hittle longer thean Flpus 12 Eens of
the hody and (a) 8. jeponicum (b) 8 mamsonl (¢} 5 Aamalobun
about 40 .mierons
across, and each prong of the forked tail is about 100 mlerons long.
When they enter their definitive host, they discard their tails and become
metacercarue.

Adulte.—The males are shorter and stouter than the females they
measurs from 7 to 20 mm. in length and 05 to 1.0 mm in breadth and

v
LR T




e two umequal muscular suckers the emallér one at, and the
the ventral aspect near the anterior end. Along 1ts whole len
ly of the worm or to the suckers is folded ventrally to m
:;10 oral eanal in which the femals is held during fertilizatl
on.

The female i longer and slenderer 1t has two suokers in relath
ne posttion, but they are smaller and not so muscular The
ich contains 20 to 30 egga at & tfme, opens near the anterior end.

Themngnorlvaragaofruelolthondulteofthethreetpe(
en below —

Size tn muoroms

Male Female
8 rapomsum 12 to 20 by 050 26 by 02
8 mansom 7Tt 10by 10 7 to 14 by 025

8 Aomotobium 10 to 15 by 10 20 hy 035

Lafe cycle.—In man, the cercarim are the mfeotive stage. The
ough the akun when he bathes or wades in infeoted water They
the aloin at the level of the water surfaco, as the skin dries the
ough the epidermis (taking about ten minutes to get beyond thi
alcohol applied to the skin) eventually they reach a venule a
ﬂedmthevenuuatbioodtoth:h dde’i:‘lf]thehm:thoandtge;
r gul.munnry artery they reach the gy may en

ugoal nasal or pharyngea! mucous membranes m persons d
washing out their moutha with contaminated water, they wot
vever survive passage through the stomach In the lungs e
lung capillaries and cross over to the venous mde they are
e more to the heart and themce inté the systemic ewroulation
ze larve (metacercari®) that get into the right trafic lines ar
meelves in one of the mesenteric arteries have aﬁ[zr{uwre th
ching the intestines mnegotiate & second set of capillaries and, &
r to the portal system, reach the liver (The larv that fall t
' mesenterio arteries on the first round probably do not surviv
ugh to make another complete oyele and negotiato three more

es, but die and are removed F:;{: otléex;jgglod dilﬁm )d g
vmreaahthellmtheybegmto an op they do
T remam nere, DUt turn vack mto The portel vemsls wrd AT ¢
1 blood stream

Up to this pomnt the route taken by all three speoles 15 the san
nequently therr behaviour differs. The larveo of S Jaﬁoﬂiﬂg
v reach the superior mesenterle vem turn into the rleo-colic or ]
{nches hare having reached maturity and mated the {enmle‘m‘:'i
d in firm embraoce by the male siretches her head end which
rards the capillaries into the venules of the mucous mmbr?]ﬂe
all mtestine and upper of the large Intestine and from her
ming, near the head depomts eggs ane by ane. 8he thmthmd
sther site and repeats the prooess The miracidla within ?
rete a lytio substance Whjmmu through their ahellst:;u
al tissue necrosis and even y uleeration from this ulcera :
s find therr way mto the lumen of the gut and are passed oul

r— o

o the mferior
On the other hand, § mansom flukes migrate further into
senterie vei::usi and oviposit in the venules of the mucoea of wem

{ ther o
» colon mgmoid and rectum the subsequent course o
ne as those of S japomoum
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S hamatobium flukes however further still and ta the hemor
thoidal plexus finally reach tho vesical and pelvie plexuses where th
oviposit into the venules of the mucora of bln der, the ova
through into tho bladder and ars passed in the urine. Tho course taken
by the majority in each infection has been indicated but there is some
overlupﬂlng and in S japonicum Infection there will bo man instnncea in
which the adults migrate in the Inferior mesentene vein n; t their
egge in the mucosa of the descending ecolon and rectum but. cy never
reach the vesieal plexus Convmalr 8 hematobrum ova will sometomes
be found in the rectum, but are rarely deposited In radicles of the superlor
meeenterio vein.

First free-living phase —When the ova, passed In either stools or
urine como 1n contact with water from cach & singlo ciliated lacva (or
ruracidium) hatches. Thess larve, which aro apgmximntely the size and
shepe of tho ova are actively motile but are unablo to feed and live only
about 18 hours

In the snail —They are attracted to certain specien of anails (pmhably
by a ﬁelﬂu axudate of the latter) whoso soft tissucs z The
miraeidia enter the Iympha ovma!.so the snails there eyloaa{hedr
cilia and develop into eration) ‘The worms devnlop
for 4 to 8 wecks in the mi mainl the lver mndnglhrcrm%h

sporocyet stagea finally innumerable {up to a quarter of & million) fork
tnﬂed cercarim burst out of the snall in swarms daily over a conmderabls
period placed nt over 00 dayn some oboarven

Second free I oae ceroarim, which are only discharged
from the enail in EU.DJ.lé]f- and du not emerge on u’loudy days swim ngom\.:?
m the vater using thelr tals as anterior propellers but they cannot f
80 that if they fail to find a suitable host & short Lune AVers|
24 houra and at most threo days they die Indnactage &2&
themeelves to the lxn of a bat.hmg or wadh],g human being, or other daﬁnl
tive host discard the aid of lytle seeretions burrow
into his ekin to commence & new

1PE OvUE OF JCNLITOIOBR MO

ouest i man EXDGEDOYS PUASE
€ barts 14 Sl vaaem CE: J n warte 0 I
w ) et
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The tume fattor—'l‘huuanbestbeappmmatodbydhi the e
miamtodﬁemntnt&gu. Tbemxgratmmofullthreeupedﬂptothe

o they reach the liver 15 about five days and tho addlts of all three
Bpeoiaubecomemnwmwithjnthmeweehfmmthotimeo!em:yoftbg
larve  In the case of S tcum, approxumately another week elapees
before the eggs are depwaited, in the case of 8 mansons, which migrate
further, & longer time required, and 1 tho case of § hematobum, atill
lon(far The total incubation pertod 18 therefors shortest in S Japomicum,
and longest 1n 8. hamatobium mfeotion.

Vanations mn the cycle —While the above 1s the 1deal cycle from the
point of view of the worms, the ova, and more rarely the adults will reach
& number of other sites. Very fi uently ova become detached from the
intestmal venules and are camaﬁack mto the hiver this ocours much
more constantly in § Qpammm 1nfection, in view of the proxmmty of the
superior mesenteric ve In the latter nfection in rtioular, the ova and
even the adult worms may negotiate the liver capillanes or the collateral
portal anestomoses and 11a the systemic airculation again reach the lun;i:e
grtheymay be carried to and lodge in other organs and tiswues eg

rain.

The intermediate hoyts.—Craig and Faust (1843) give the following &8
actual or potential hoats —

For hamatobium  Bulinus  truncatus (Egygt Cyrenntea  and
Tums) B forzkals (Maurrtis, and posably Eenya Colony), B tropica
(Bouth Africa), Physopna africana (South Africa and the Belgian Congo)
P globosa (Sierra Leone West African Coast Northern Nigena Nvast
land and Rhodema) P nasutc (Kenys Colomy) and Planorbi duforn
(Portugn] and Morocco)

b c .
a
é ’
Figure 164 Intermediate host suafle foal of
ophora Planort ) of genws
(a) ’fmalawma (b) Soadl of g;x;ﬂm {e & feoh
of § fapon of 8. mansom. X:::;mbwm
cum.

I~
Planorins bouws t Abyssima Entres Soma
land)FO;)s alerandrinus and P whzbcm'yz%qums Pdg):o]a}ge;-;d (Natal e&umm
Rhodenin Sierra Leone) P nicus an: owenss me cOpzun)
CODQ’ lortus glabratus oxL Leaser Antilles Puerto
4 ) Amtﬁ!d A Gent ‘ra(l-v.vsm('Bmxﬂ) and A a&txgummm) (Lesser
a
Anh%es) and Phympquu]:ncana and I::d‘a_;a (mnnd o) o the “;:::
of Cholfm) ‘K. ‘L'amowna (Formosa) Oncomslania (Yan
; basin), O hydrobtopns (Loyte Phillppine Islands)

EPIDEMIOLOGY

I8ERES with & low saniary
oocurs mainly amonget tions fintd
stan:{;\h}:l,dor where human frces mn a tively fresh state are
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manure In tome of there populations the wfection is very intense nvolv
mg as much as 90 per cent of the people ae, for example, in soms parta of
the Nile vally and in Egypt as a whole it has been estimated that six
million or about half the population are affected clther by S
hematobum or § mamiom  whereas in the beavily populated Yangtse
valley tens of milhons of Chinese are infected.

e persons most {requently affected in the endemic arcas arc fisher
men nice-field workers washermen and bathers of any kmnd Including
ceremonial (Alohammedan) bathers

Amongst forelgn sojourncrs and visitors the infectlon is often con
tracted by sportemen whilst wading through streams or flooded rice ficlds
by eallorse whose duty necessitates their wading in contaminated water
and by pleasure eeckers and children in particular who may wade or baths
in polluted waters.

Instances have been reported eg in Epypt and Puerto Rico where
tporadie cases have occurred amongst the general population of towns
and have been traced ta ecrearia mfeeted viEed water-supplica

Persons of all ages and races aro susceptible but thera'{s frequently a
mnleﬁ;redominnncc and children appear to be very susceptible

0 season of Eigheut infeetion in the Nile valley ia from February to
June when the water in the streams and irngatlon canals is low and in
Japan during the warmer months of the year May to October but n

places other factors arc mvolved and there 18 & different seasonal
distribution. In the Ydngtes valley, for example climatie condrtions are
favourable throughout most of the vear at least from March to
November

Factors determining the inadence of the disease —The essentials are —

(1) The sources of infection man is the sole reservoir of infection
for § hematobum and probubly the only important one for S mansom
elthough monkeys have been found infected in npature but for §
Jda)mam there are other mportant sources far examplo, eattls espool
ally water buffaloes and in Japan field mice are inenminated but the
relative ymportanee of thesc non human sources does not ecem to have
been estimated

(1) The presence of mails of certain species to act as mtcrmediate

(i) Promiscuous defmoation and/or urination a sanitary system by
which waterways are polluted, or the use of human excretions for manure

(w! The practice of bnﬂﬂng wading or standing in polluted water
cr or W out the mouth with water taken directly (1¢
whhont storage for at Jeast 3 days) from a polluted source

(v) Olimatie ( ially ternperature) conditions that are favourable
to the development of the parasite in the eail and to its survival during
s {ree-living

The extent :r% the inadence of the diseare pretent in any loeality will
depend on the degree to which these factors are in operation In many
laces in Egypt and elsewhere the waterways are polluted syetematically
Atrines, for example are built over the streams so that urine and fwces
{all into them, or thev are used as the main eewer And in China human
excreta are stored in large earthenware jars and used as manure in the
nee-field If in such arcar suitable epails bay to be present the
inexdenee of the diseass is certain to bo very high indeed. In other areas
:nb}:? po!l\:tlcm is a rare incident the diteate will be sparadic and

ani

Where the specific mollusean hoate have on!F a linited distribution

s in certain places in Japan the dieeass is localized.



680 BOHISTOSOMIARIS

a dd:’YN[P‘rOMATOLOGY

Schustosomal dermaritis.~—At the time of mfeotion, as the water

on the skan there may be a tingl.tng senfation which is 'lhortly fol.lcrweddrbk;
the development of small urticarial weals at the sites of entry of the
cercarlm these disappesr rapidly, possibly leaving macules Bome hours
later there may be intense rtching, and & Jocalied edema and papules may
appear which may later develop into pustules this condition will usually
continue to develop for three days after which it beﬁm to subside.

This condition may develop as & result of mfection with any of the
three pathogenic schistosomes but 1t 18 not constant, and s apparently
mfrequent 1 8 Jatgmumm mfection. As noted above, It occurs mush mors
constantly when the cercanm are those of some schistosome thAt does not
establish itself in man The syndrome 18 known as swimmers iteh I
the United States (Cart 1928) and Canadah&{McLeod 1940) whers it
sommonly cocurs amongst bathers I the big lakes.

The febnle artack.—This osours between the end of the fourth wesk
and the end of the third month. It has been reported as early as the
fifth day m 8§ wfection but the expenencs of and
expermmental worﬁ NT that these reports of the very esrly occurrence
of the febrile attack should be ignored However, mn Swﬁm in
fection 1t ocours usually between the fourth and sixth weeke wheres in
8 hematobwim nfection the avernge meubation period 18 about ten weeks
mn § maonsom 1nfection the interval is uwually between these two but the
{ebrile attack 1 not g0 well defined ar constant,

The onset may be gradual or sudden The fever usually rises each
evening to about 102 and then falls to normal or the 99 o townrds
mormng  There are usually chills and often en actual rigor followed by
profuse perspiration during the night. The fever is accompamed by

T T hel o e pelir el Lol the back and al the
| ong
Tt ] o gl by 8 of fho lomt a

7 R 0 I A O
- sometimss by “a
ey [ ] pausea and vomiting, A
[= dominal  discomfort  and
SAAAMAM | Gt
AR Y M i At the same tume, or
i e i3 withm a day ar two ::
ro
Figure 165 appears  sometimes With

@demn of certamn areas  There are large weals an inch or two in dismeter
with & red m that fades into the surroundmg alan. All parts of the
skin may be afieoted and also the mucous membranes bf the mouth and
throat mso that it seems posmble that most of the s‘il:stuma may be
assoolated ith simular local reactions eg the cough the diarrhea
may be due to patchea of mdema in the lung—which can sometumea be
1dentifted by ausoultation—and urticarisl swellings of the mucous mﬂnbm:l:
of the mtestme respeotively The urticaria as is usus! 1 associated Wi
intense irrrtation and dermatographis s often obeerved

The urticaria usually lasts about five days but sometimes longer
The fever may last three or four weeks and then fall by slow lym‘;t'
or it may fall eartier and after a week or so of remiesion may relapee, o
the recond febrile attack is not n amociated with reeu‘rre{:\“'t:?ght
other symptoms During the febrile & & considerable loes of

expeoted
mny,l%ee Lver 15 usually enlarged pamful and tender and the sploen

palpable.
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‘The period of egg extrunon and tmue proliferatdon —At this E)o\m‘.
the symptomatologies of the three Infectiona diverge and will have to be
considered soparately
S. cum infecnon —The first mgns may appear simultaneously
with the febrile attack or after & few weeks interval There will be pain
and tenderness m the epigastrium and m the of tho ezecum and then
the passage of frequent dyeenteris stools in which the ova can easily be
found very often with pus and other cellular debris adherent to them The
fever will relapse or continue na n low irregular fever and the patient ma:
Eua into & toxie typhold like state. Ansmia w1ll usually develop Bo
ver and spleen will show further emlargement In the eingle-ineldent
infection this period will last one to three months and then gradually sub
side and the organs may recover almost completely, though rome dyafuns
tion wiil be left except m the lightest infections. {iowc\cr in very heavy
infections and in the easca of ted infections thet are the rule in highly
endemis areas the process will be moro or less continuous, with a few
quescent petiods during which the symptoms recur immediately when the
patient returns to work or otherwise exerts himself and after a few
years (3 to b years |s sometimes the interval mentioned but it must be
very variable) the condition will pass im) ly into the next stage.
In the final stage, there is increasing emaciation, debility, anemia, and
dyepnwa  Children show etunted growth and intellectual retardation
The dysenterie condition may continue but usually takes on the features
of chronie uleerative colitis there may be some intestinel obatruction with
di tenmon of the upper of the intestinal tract, and alternating const:
tion and diartheee o liver may enlarge further but usually becomes
ard and very fibrotlo and tends to contract 'The spleen however shows
cnlargement and may reach the sy?%hym publs or the
nght iline erest and it elso becomes very hard. ere are frequently
extenarve ascites distension of the abdominal vaimi and hematemesis
results of portal obstruction. The emnclation is profound on account of
absorption failure in the upper mntestinal tract and liver dysfunction the
snhent ususlly develops & sub-icteric tint and sometumes jaundice
ackronian epl hem:{:}]q;ia pnraillegm and blindness have followed
the deposition of the egga to the braln the cord or the optio nerve.
Death may occur from inambtion from secondary infections such as
Emﬂn,whmhmybemcoumgedhythumeuon caused by the ova
the ng from hemorrhages or intestinal obstruction or suddenly as a
result of the local reaction to the ova in the heart or brain
8§ mantom infection —The courso of events 18 very mmilar to that
m 8. japomeum infection but on the whole the eourse 1s not usually so
aevere and more eymptoms are referabls to the rectum. For example
rolapse due to the passage of polypold growths fistule flssure 1n ano
rectal and perineal abscesses end hemorrholds are not uncommon
and oceasionally urinary ptoms due to the ova of this fluke reaching
the bladder occur Emnciation 1a not usually so profound as absorption
Er:otblﬁ:::l{ered with to the same extent the lesions being mainly in the
i3

In Egypt, hepatic and splenle enlargements sometimes occur without
any corresponding intestinal lesions (Girges, 1934) and conversely in
1(:‘;&10 }'gac% intestinal lesions are reported without ans liver involvement

ons

8 hamatoburm mfectron —The urmary  ymptoms usally do not
appear until several months after infectlon took place and in some cases
even several years  ‘The firet mgn s usually burning and pain at the end of
micturition, with the parsage of a little blood increased frequencv and a
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the subject under four hea whieh co
! me(nt.mlu dings rrespond o the first four

a) The elimination of the sonree of nfection — I theory the soures
of infection could be eiminated m the case of § hm?;hm and
8. mansom mfections, by systematio treatment of the Hoo as me
in the only mportant source. This method would be effective mn the
care of S japomcum infection as there are other dofimtrve bosts, In
certan areas, this method has been practisad m conjunstion mith other
procedures, with some evidence of sucoess as a means of)rcdumg the souree
of nfection but without any real expestation of eliminating 1t entirely

The educational value of an orgamsed treatment campalgn 18
considerable, even the most ignorant natives of the endemic areas a
ate the volue of treatment and are likely to take more notiee of advice
regnrdngzrevcmhon grven by the dootors who can cure them.

The destruction .of rodents and other posible alternative hosta of
8 japomcum abould be considered under this h but the relstive
mportance of theso other hosts has not yet been properly asessed.

(b) Deatucnon of molluscan intermediate hostr.—1In theory thm
method promises well 1n practice except for isolated and limited Eodiﬂ
of water 1t has been a failure. Perodio drying of irrigation canals reduces
the mnails, but some burrow in the soil and reappear laler The destructon
of snails 1)y chemical means e¢g 1 1 500 000 copper sulphate will lead to
their tem disappearance unless the y of water 1s an isolated
ane, 8p1 estation will occur this has been the experience in Egypt

Far small Isolated bodies of water when immediate snail elimmation 12
required the introduction of copper sulphsts sufficient to make a final
solution of 1 in 200 000 to]}nm 500({))2;!10‘1&](% be a] t}ighmu:&h can beg::
b, the eo] sulphate in a and towing & small
buﬁwnrd.uy acing and forwnrdapper pthru'ugh the water preferably after prelmmary
removal of aquatic tion.

o) Prevention of contammnation of water with human, or otber
hosr'(l.)fzv:u and unine—All workers are agreed that thus is the

point of prevention but m 1t into practics presents difficulties that are
lly immediately msuperable.
umalny the emdemmyca.ues in Africa including North Afries and the Nils

most of th tion mvolved are 1gnorant peasants with no very
g;aéhmmmmr‘;’lutd; g In tllllle dry parts of the country where fhemuo:
little rain to wash surface contaminanta mto the waterways confamins
of water must b deliberate and due to insppreciation of the mgnifieance
of the act xt.nho!.lldt.here\fumbeuem.umrtoprwa:ut.nm:leu-f.heueeeotnd-tbﬂﬂ‘}y(m
than in wet countnes wlga:e fmoes ﬁ&m&dwm promiscuous
land will uentl, washed wa
dry'I‘l;mmtrodf\];z‘fiumo pmperunltaryfntama nndeduuaﬁonn{igp;‘;
ds aro the only solutions but it will be generations befare they
effectave. shoald as fer

Where domestic animals are sources of mfestion, they
as possible be kept away from the viemity of snml mfecternlihw'ateii‘

In Chmna, an additional blem has to be facofdf. ere human
excrote are stored m kangs and later used as manure. o e st
are undiluted with water eggs will survive in theas Iumamk  od
as meptio tanks for oulythmeweekn,mthntﬁwvﬂall}ag; ).wf.a?
used 1n rotation nndnonelu\medmthmthreewaehud c!dz&dm
of fresh fmoes the mnteﬂnldg]hould be fres of ;ggummtl m-ﬁ'ﬂt N to the

tiseptic such as sodium cyan: mighf (e
:uﬁhmo[:lu‘fa?‘iu; the contents, has &lso heen suggested 23 8 preven
measure,
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(d) Obwiation of contact with contaminated water.—In the case of
» fortimn viertor to endemic ares this should present no diffieulties and
> knowledge of the existence of the danger should be all that is necemrﬂ
e sparteman should wear waterproof wading boots in endemic arcas
» case of acoldentnl immersioms, as the cercarme do mot apparently
netrate the skin under water haLh‘ing in some antizcptio solution Emnndl
ely on coming out of the infected water should prevent infection. Experi
entally 1t has been shown that cerearie go beyond the reach of aleohol
lied to the ekin within about ten minutes so that any delay would
Ehfy the effect of the procedure.
In the cass of the native his livelthood will often depend on entering
iter at frequent mtervals, and provention at this junctare of the trans
cycle peems to be out of the question. Nursery rice-fields are
verv potent source of danger as theee are heavily manured as far as
mrthle children, who sre particularly susceptible to infection should be
pt out of thess fielda,
e o ot iy Tha cepoarim wil g shrongh » 0
to be used for purposes. e a
ch sand filter 1 five hours 2o that more efficlent filtra chlorination
)2 m amilhen Magath 1842) onboiling is necossary 1f the water
to be used m the bath tub or for The danger here 18 minimized
memderably by the fact that free- cercarim do not usually love
T more than a day and 1t i safe to use water that has been stored in a
il free water storage tank, for say three days, to be on the safe side.
In areas whers some domestic e.g the water buffalo acts as
reservorr of infection every effart should be made to prevent ruch animals
atermg infected water to mitiate or renew therr infeotions.

TREATMENT

Treatment must be conmdered under two headings, specific and sympto-
1atic.

Hirrod. 4

oua DY ) o ey 2,
uru.ropcmmu that had bten.ln use for several years in the h'utm;??!
lehbmaniasis.

Antimony preparauons.—The first drugs to bs used were potassium
ind sodium antimonv tartrate and many belisve that even to-dav thev are
he most effective The sodrum salt is the leas toxic They are grven In
! per cent rolution 1n normel saline made with distilled water The solutions
nust be made freshly or some preservative such as 0.5 cent phenol,
nav be added, in which ease the rolution can be kept at least two weeks
[t 18 sterihized b? bewng brought to the boiling pomt twice prolonged boiling
ot autoclaving s apt to bring about a clange In the molecule It is
ziven stnotly intravencusly alowly and on alternate days or three times
1 week. The commeneing dose I8 2 cem. or 40 miligrammes the dose
should bowm]:enﬁ-d to 8 {:cm. ?cc’i."i: 5 ccm.p:lnd 6 ccm., If the patient
Appears able to tolerats it. e principal signs of intolerance are
eoughing yvomiting and joint pams When these occur it mav be necessary
to inerears the doses by only 05 ¢ em. or even 1o repeat the last dose untll
tolerance is establush A total of at least 2 grammes should be the aim
;hlchif a1l goes well will necessitate 18 injections over & period of 5 or

wee)

ﬁhﬂdreu u: gig:n proportionately smeller doses

appears to necessary to puth the dosage of this drug a httle
higher than in the case of kals arar (quod tide E 168) Ther:hmme
differcnce in the tolerance to thr  drug ehown by different nationals



836 SCHISTOSOMIASIS

Egyptans appear to tolerate the larger doses well whereas eruela
t.h??ntulemnoe rate 18 lugh and 1t rg sometimes ﬁaceaaary ;E ‘g:p the
mach %inth(eso'glbtiot;]to 1 per oont.

ous or phen) a trivalent aromatio oom; fimen
is less toxic and also oan be given intramuseularly It sz,ﬁdtf{ ;:npmmyé
of ssmo workers mors effestive than the trivalent salts of antimeny bat,
m that of others it hes proved less effestive Fouadh 1s marketed a5 4
6 per cent solution in ampoules The dosage is 1.5 ecom., 85 cem wnd
60 com, on the first thres days followed by 650 c.cm. on alternate dayé
until a total doss of 45 e.em. has been given (Khalil and Betachs, 1830)

The latest recrutt to the antrmony preparations 1s the well adverhsed
but not very extensively tested mfhﬁ:rm.ulmo—-!rtbhxm antunony thio-
malate (Baugé, 1041) cubic centimetres of & 8 per cent solution are
given on sliernate days, the courss 15 10 injections

Emetine hag also been recommended but to be effective it has to br
gvm n d.méﬁmus dases, 1t should therefore bp reserved for thoss casey

which antimony has faled,

Results of specific treatment.—The stage of the disease appears to
ba more mmportant then the species of the infecting achistosome The
treatment will be effeotive anly during the nctive stages of the imfection
that is before the third stage of the discase 15 established and rrreparable
damsge hay been done. In the earlier stages of the diseass, the mprove-
ment 18 often inmediate The notion appears 1o be on sll stages of the
worm molu the ova as the ova that are exdretod alter treatment has
been well established are usually dead later, no mors eppeat, indieating
the death of the adult

SYMPTOMATIC TREATMENT .
Any attempt to desernibe the treatment of the very vamed pathogen!

proceugs that :}Zm result direstly or indsrestly from zohistosoms infection
would be out of p{ucc In this bock this treatment wil wneludo such vaned
procedures as the preseribing of ‘ sulpha drugs for the recondary infectsons
of the bladder in § Aematobwmm infections paracentesis m the late stages
of hepatio mvolvement wn the visceral infections and such surpeal E-
cedures as appendectomy splenectomy and removal of polypoid growt

PROGNOSIS
mild
Tn the vesmcal infection the large majority of the attacks are
and almost symptomless In these and m all early cases the responte tig
specifio troatment 1a good but In advanced chronfo esses, when sh&:hm
much nvolvement of the bladder wall and pelvic tissues, an Tt
secondary infection has occurred the prospecte ave poor and the
will almost certamly dle within a short trme of sepas ar concurrent s
8imilarly, in the visceral infections thers will be many i
nfections 6 courss of the dissase iz on the whale slower an lccn'.!sf:_eEt
in § mansom than m § japonwcum mfection. Inboﬂz,rmpauﬁzm o

year or so becomes
‘:ﬁ?ﬂ: many patients with extensive bowel lenons will die of maloutn-
tion and exhaustion
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CLONORCHIASIS

Historkal—This fluks was finst dmcoversd in the bile ducts of a Chinese
arpenter who died in the Medical Hospital in Calcutta in 1874 It
wa deseribed by BMcConnell (1878) The life of the para<ts was worked
mewmlmmwwlmmum%mmtthm

EPIDEMIOLOGY
aphical dustribution —The infection is endemis in China Korea

Japan Formoss and French Indo-China  Its brief appearance in Hawail
was probably dus to the ption of fish imported from Japan.

Tacldence —As the mfection of man is dependent entirely on the con
sumption of under or uncooked fish the disease will be most prevalent in
those groups of the population in which this tice is moat common. In
Canton for example w mﬁ:hiur:amsh'a o disease is common amongst
better-class males who feed n urants where specially prepared un
cooked fish 11 served, and it ia uncommon nmongst poorer cl mi
of the population and amongst women who feed at home whereas in certain
other parts of the country where fish I commonly eaten by the poor its
meidenca is wider

It iy uncommon that symptoms due to this mfestion will oeour in
children on account of the time it takes for the leslona to develop

ATIOLOGY

The causal parasite—Two phases of the paramte are lLikely to be
nneoantemd m man the adult in the bile passages and the ova in the
#too]

The adelt of Clonorchis mnenss (Cobbold 18756) Looss 1907
1 & semi transparent leaf-shaped fluke, measuring from 10 to 25 milli
metres in length bv 2 to 3 mm. in breadth alightly broader
and more rounded at its posterior end.

The eggs are ovord and flask shaj with & distinet
shoulder around the aperture over ch the operculum
lies At the opposite pole there 18 a small knob or hook
The eges measure 27 to 85 microns by 11.5 to 10.5 micron - ———
They contain a fully-developed miracidrum,

e cyde—The ova are discharged in the fmees by Figure 168
the definitive mammaban hott, and are taken up by the Tha egx of
miermediate host a snail of the a; te species  here Clonaredus
the mirneidium  hatches out and the paraste passes
through several stages to emerge as a free-swimming cercaria  the
cercaria immediately enters under the ecales of apparently ahmost any fish,
and eneysts in muscles of this second intermediate host, which is then eaten
by man or other definitive hoat the metacercarim exevst in the doodenum
and migrate up the common bile and tio duets to reach the liver where
they live 1n the biliary and e adults the eggs that they
extrude pass down the b pasaages again to reach the duodenum snd
these aro eventuslly excreted in the fmoes when the eyels ln camplete
The development in man tales about & month but the whole cyels covers
a i of ntit;:t t‘hree munlg]:( undfir éguunble conditions

osts.—Man {s an mmportant definitive host and hel, mamf
the cycle but dogs cats ba weatels martens and L ‘:ncl wrenl“m
other carnivora are also defintive hosts in nature

Specles of several gemers of snails et as intermediata hosts Paro
]o:wgug.l‘l Bithynia and Welama and some 40 speciex of fish have been

{oun:
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Th thological PATHOLOGY
© patnological reactions to the presencs of th ppear

result from toxic substances secreted by the adult wo%ﬂg%; E ctiutg
of clumps of sticky eggs 1n amall bile ducts and posmbly from mg.ﬁ:nlml
damage by the adults themselves All the primary changes oceur in the
liver ‘except in ver{ﬂl;;avy infections when the creas is involved, all
other pathologcal ¢ ey ATe secon to liver (ﬁage

Fibroais and t.hiekenmug of the walls of the bilo passages throughout
the whele argan with proliferation of bile duota n certain areas, and both
mtra apd iterlobular cuthoms are described Hoeppl: (wéaéz favad
extensive changes ih 66 post mortem imens from patients who died from
other causes  (In view of recent work that has shown that extenmve Liver
changes may result from dietary deficiency 1t wounld bo well to aceept
his_conclusions as to the responsmbility of the paraste m all thess cares,
with e¢aution )

Th j SYMPTOMATOLOGY
e majonty of mild infections are apparently entirely symptomless.

The symptoms are not very characteristic and indicate liver damage
generally rather than any specific damage caused by this parasite.

Gastro intestinal disturbances are common diarrhea and irregular

1bes of appetite n scuse of fullness in the liver region and hver enlar-e-
ment Eenod.m Jaundice and later ascites hmmarrhages and other results
of currhosis are dexceribed.

Cardiac and nervous symptoms are also desaribed.

Thers is usnally s Jeucooytosls and s slight eoapophiia

Diagnosis —The only satisfactory method of diagnosis 18 by the
finding and 1dentifieation of the eggs 1n the stools Flotation methods
should not be used. Ova may also be recovered by duodenal eatheter
1uzation

PREVENTION
Persanal prophylaxis can be achieved by qvmd.mg the consumption of
under or uncooked fish Education and pro a pomting out the
danger of this practice m the endemic areas should be und en
As man is an important eource of infection, samtary %}mul of feces
will help to reduce the infestion in any IocAbty but not entirely
prevent it, as the sanitary habits of other defimtive hosts cannot be coﬂl
trolled. Ammonmum sulphate added to mght so1l 1 adequate amounts wil
sterihize it without destroying 1ts manunal value.
A thirtl method of control 8 by the destruction of mmls (tnde Scum
Tosoa1aBB) where this 18 possible
TREATMENT but good
There 18 no entirely satisfactory specific for this infection,
reaults have been cluimyed for gtmt?an p:iﬂet {aes 607) Other drugs
used with a] t success are the antimony preparations sodiam antimony
tartrate ang fonadin and the B

)d preparation solganol
osis.—This is depe‘uggnt almoat entirely on the weight of the

ous
i Tt is probable that most nght infections are entirely innoca
;‘:fgcdﬂot nﬂ'em‘l.]the patient s tion of lfe, and the zugxesﬂmrg;mﬁ
even Hght infections may have serious sequele g cirrhosis and

been natlsfactarily en
huan:vy inI:cthmn nnduumly cause ble liver damage ;::
shorten the patients hie. In cirrhosis from whatever eause the progn

1 bad.
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PARAGONIMIASIS

Geographical distabution —The true endemie areas of human mfec
tion are all in Asa, in Japan, Korea Formosa China, Manchuria Indo-
Chinn, Slam, and the Philippine Islands isolated cases have been reported
from soveral places 1n Afnes, namely in the Belgian Congo and the
Cameroons in New Guines and in the western hemisphere in Peru
‘Venezuela, and Brasil.

Infection amongst mammals covers o much wider oren including
Indin (the firet Paragommus identified was found in the lung of a Bengal
tiger), Malava Java and Sumatra Tt is nEpnnmt ibat rporadic cases
may at any time appear n theee countries but that the human discase
"l]i be truly endemie only where the habit of enting uneooked crustacenns
18 provalent

ZATIOLOGY

The causal parasite.—Paragommus twestermam  (Kerbert  1878)
Broun, 1899 is a relatively thick (3 to 5 millimetres) ovold fluke
7 tou?ﬁ mm. in length by 4 to 8 mm. in breadth elightly broader antertorly
than pesteriorly with two suckers one placed at
the nnterior end ang the other in the mddle line
alﬁhuy anterior to the centro of the body of the
fluke

The cgrs measure from 80 to 120 microns in
length by 40 to 60 in breadth they are oval 1n
rhape and have a wide opening at one end over
which thers 1s a flnttened o

The life cycle—The erg pasted by the defi
l:;trxve hé:m remains L?hwntcr for agvernl weeks 1 The ez

ore 1t 18 mature e time di s mamly on Fleoe
the temperature. The lmracidxgnamer%m y.md of Paragommes
cuters ; mitnbl;lmmtlh after an mterval of several \ .
weeks durng which the te several stager 1t emerges
from the email as a mm this cercarie actrvely
enters the xoft parts of a recond intermediate host, a crustacean and in
this crustacean 1t encysts When the crustacean is eaten by the
defimtive bovt (¢g man) the metacercana s releared from 1ts capeuls
by tho tume 1t reaches the duodenum 1t penetrates the wall of the
duodenum mugrates through the diaphragm and pleural ea to reach the
lmﬁ;' In a small pocket in the lung which i formed around the paraute
1t develops into an adult and when mature extrudes eggs that are eough
g&biy the host and the eyole 1a complete If swallowed the remain
ta].b

—— = f——

e and are pamed out with the fmces The phase in the deﬁwe host
e peveral weeks to complete,

Other organs or tissues in which the metacercans may ecome to rest
nredtho hver wpleen bramn pentoneum tester prostate epdidymis muscles
and a

Hosts.—Besides man the tiger panther leopard wald eat domestio
cat, wolf fox, dog mongoose, muskrat and rat can et as definitive hosta,

Melama Iibertma w enxd to be the commonest snail intermediate host
}:‘\;:t,{mpullm luteostoma and other species of Melama are also potential

L8

1t is not clear why metactrarie should take thm direct but somewhat

unusnl]
route ratber than the more buologieal ope the ties mite
hich would { ¢ Lo *aight to ot Tangs 0 L PETeatize and ateme blood



OTHER FLUKE INFECTIO\§

A number of erustaceans of the genera Astacus Erwochewr, Pota
and others have been found mfected, and other orustaceans are piorhl?l"y
capable of asting as the second intermediate hosts.

PATHOLOGY

In the lung there.us a sharp cellular reaction to the présence of the
parasita co mamly of polymorphonuclear leucosytes and ecamo-
phls hm% a] and eventuslly = thick band of filbtows
twsae 18 Jaid down around the worm. Withm this fibrous capeule besdes
the worm there is & mass of reddish brown purulent material in which the
eggs of the worm can be found Periodically these abscess-like cavities
communicate with an adjommg bronchiole and the flud contents are dis-
charged 1nto & bronchus and coughed up ar swallowed by the patient. The
worm however remams and the prooess 1s repeated. Sometmmes several of
?h::ﬂfvitiea or tunnels coalesco, and & comparstively large cavity ™
0!

In the other argans and tissues where the larve may coms fo rest and
the adult worms develop a mmilar tissue reaction and abscess formation
oocurs, In any of these places a secondary mfection may take place and
the fibrous capsule and s contents be replaced by an ordmary abseess.

SYMPTOMATOLOGY

This will naturally depend on the mam site of the encysted worms.
Whanﬂwyareinﬂle{ the condition 1 not unhke thet of pulmonary
tuberouldsis that there 15 not usually any fever There may be
anomitatmg cough which 18 worse 1n the morning, and paroxvsms may cct
when the patlent inﬁnt raetgh:.nd d.li:h‘n'b hia aloo) ﬂ]The reddmh—hruw:x

that the ent ooughs up is suggestive of the sputom
gﬂﬁmmmom& Tharpenmay be a alter a parhonlarfy violent £t
of coughing In uncomplicated cases phymoal migns are few but there
are usually rales However complications such a3 broncho-ponenmania
leurisy and empyema are not uneommon.
P In the hram, the encysted parasites may cause Jacksonian epalepsy ﬁ
other cerebral symptoms 1 the liver they may cause lLiver pain and
enlargement m the infestinal wa.fl.lﬁ they mt:y caduls; ubdo;:n:;a};::w
gastro-mtestinal disturbanees, in the prostate epididymis
mnycu.]‘].llnepama.nd 'undmthenkinthaymnydiuuhnrgenthe

oeT

surfege ;ﬁmﬂf’l“lg;ﬁndmdmt almost entrely on the ﬂndml[?J ntlaf
identifiestion of the eggs ether 1 the sputum or in the %bﬂﬂt
latter case, they may have come from eysts m the intestinal wall it
mto the lumen of the mtestme or from the lung having been conghed
and swallowed. are.
x mmmuunnhupmvaddxmpoinﬁngundxmosﬁepmwd
A :guplmmt,ﬁntion test has g{’vn‘n 2 high percentage of positive
ta

PREVENTION that th e

wﬂlbeappamnthumthomologyofthadimu t there
mvarlr:l poimnts at which the transismon ?cla could be attacked but m
none of thass casss would 1t be posuble to devise any pracﬂoab]a] mumdﬁm
By means of education and propaganda and if nec;a:nry a&hﬂm

bably be
ot reduce the potential danger ax the oycle can pro
mmm.umlimg satasfactorily through other mnmmlﬂnndhoalf.u s:n ﬂy‘{ef:g
future relaxation would probably again lead to the developm

cases
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TREATMENT

Practically the only treatment for which any success has boen elaimed
is with emstine. Largo doses bordering on toxic doses must be given to
be of any valuo. Doses of half a gramn threo times daily for at least a
week have been recommehded, and it is claimed that botter results are
obtained if thie is combmed with prontos] in full dosos

Prognosis.—This iy usually fairly good except in the cage of very
heavy infections or in thoee eases in which semous complications have
already developed

FASCIOLOPSIASIS

Intoduction —This is a disease caused by the large ntestinal fluke
Farcriolopns buskn (I anhaster 1857) Odhner 1002 that was firet observed
Busk 1n 1848 in the duodenum of an Indian lascar who died in London.
e piz 18 also a definitive host and probably the main reservoir of infec
ton the life tycle of this fluke includes stages in a snail and in an
;ﬂquaﬂc plant and the fluke establishes itsell in man when he eats the
tter
EPIDEMIOLOGY
This infection oceurs 1n India (Bengal and Assam) southern and
central China Indo-China and Biam Formosa the Dutch East Indies
and Borneo and other East Indian islands. It has not been reported from
the other continents
It occurs st tho poorer members of the native populsations of
tho endemie areas and maminly amongst children who ingest the encysted
embrves while they are removing with therr tosth the outer covering of the
edible portion of certain aquatio plants

ATIOLOGY

choloiml busku 1s & large broad hermaphroditic fluke from 20 to
“5 microns long by 8 to 80 microns across It has onc oral sucker at
its anterior end The

and ovoid n shape
(plate T i 18) 0y
shell is thin and has a
rmall operculum (a hd
like structure) at ome
end In the immature
egg tho contained pro-
toplasm 18 divided into
o {’nq;u number of regu
lar globular masses
which almost fill the
shell.

Life cydde—M a n
is 1nfected by consuming
mw aquatie vegetation
tho parasite gaining
entry in an encysted
larval
tion oecurs in the duo-
denum and the embryo
attaches ftee { to the Figure 188 Life eycle of Farawlopos bubi
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A number of crustaceans of the geners dstacus Enocher, Polg
and others have been found infected and other crustaccans are pf}nb:ﬂ‘;
capable of actmg as the seoond mtermediate hosts

PATHOLOGY

In the lung there 15 & sharp cellular reaction to the presenes of the
parasits co mamly of polymorphonuclear I and eomno-
phils  later fibroblasts s , and eventuslly a thick band of fibrous
tiesue is laxd down around the worm. Whhin thia fibrous capeuls bende
the worm there 14 & mass of reddish brown purulent material in which the
eggs of the worm oan be found. Perodically these abscems-like cavitie
communicats with an adjoimng bronchiole and the flmd contents are di-
charged into & bronehus and coughed up or swallowed by the patient. The
worm however remains and the process 1s repeated. Sometimes several of
tf.heae e&avxhea or tunnels coalesce and a comparatively large cavity s

orm

In the other argans and tissues where the larvm mav coms to rest and
the adult worms develop a simular tissue reaction and abscess formatim
ocourd In any of theso places a secondary infection may taks place, and
the fibrous capsule and its contents be replaced by an ordinary abacen.

SYMPTOMATOLOGY

This will naturally depend on the mam site of the ensysted worms.
When they are m the lun& the condrtion 1s not unhke that of pulmonarty
tuberouloms that there is not usually anv fever There may be
an yrritating cough which 18 worse 1n the morning and paroxysms may octur
when th&lpait:;lt m at rest and dil:‘hﬂ'b hus Blee, t.hThe mdduhh?mm:lt]'
sputum thst patient coughs up is suggestive of the rusty spu
poneumonis. There may be & hwmorrhage after a particularly violent £t
of conghing. In uneomplicated cases physmoal sgns are few but there
ml'a usually rales However complications such as broncho-pneumanis
pleursy and empyems are not uneommon

In the brain the enoysted paramtbes may oauss Jacksonien epilepty snd
other eerebral symptoms in the liver uxeymnywumhwpﬂh‘“g
enlgrgement, 1 tho mtestmal walls they may cause abdommal pain su
gostro-intestinal disturbances 1n the prostate epididymis and testes ‘hf;
may cause pain and uwal]muf and m the skm they may dwcharge at
surface and canss &n open uleer

Dugnons—This 18 dependent almost entwely on the ﬁndm]t_:u l&g
wentifieation of the eggs erfin the spuh.ltyil or in the ;t:.ﬁlth“bum
Iatter case, they may have come fram oysta in the mtestinal
mto the lume:yof intestine or from the hmg having been coughed U
and swallowed

Y ray examination has proved disappomn as a diagnostio procedure-

A coinplemmt—ﬁxation tost has grven a perceniags o pouttive
results

PREVENTION thero ar®

Itwﬂlbenppqmtﬁomthemoloyofmedhmmthnt ere
severnl pomts at which the transmssion cycle could be attahclknm
none of these oases would 1t be possible to devise any practicable privel

By means of to!;‘i:eat.wu ﬁl&‘l propaganda 5;11;?11;‘ brioceuar:z‘

tics of ea uneoo arust ns PP
tt}l;;p\:ﬁ ot raduce the potential danger as the oydho > can 'gmmrymb‘
mamtained satisfactonly through other mammalian osts il
future relaxation would probably agsn lead to the develop

cases
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TREATMENT

Practically the only treatment for which any suceess has been claimed
is with emotine Largo doses bordering on toxe doses must be given to
be of any value. Doscs of half a gran three times daily for at least &
week have been r hded, and it is claimed that better resolts are
obtained if this is combined with prontosil in full doses

Prognosis.—This iy usually farly good except in the case of very
heavy infections or In those cases in which senous complications have
already developed

FASCIOLOPSIASIS

Introduction —This is & dueass caused by tho large intestinal fluke,
Faecrolopus buskm (Lankaster 1857) Odhner 1902 that was first oh-crveri
by Busk in 1843 1n the ducdenum of an Indian lasear who died in London
The pig 13 also o definitive host and probably tho mein reservolr of infes
tion tho lhfe cvele of this fluke ineludes stages in a mnail and in an
Lquatic plant and the fluke establishes itself 1n man when he eats the

tter
EPIDEMIOLOGY

This infeetion occurs in India (Bengal and Assam) southern and
central Chinn  Indo-China and 8iam Formosa the Dutch East Indies
and Borneo and other East Indian slands. It has not been reported from
the other contments

It occurs mmongst the poorer members of the native populations of
the endemus areas and mainly amonpgst children who mgest the en
embryos while they are removing with therr teeth the outer eovering of the
edible portion of certain aguatic plants

ZTIOLOGY

Famolorm buskn is a large broad hermaphroditic fluke from 20 to
"5 microns long by 8 to 80 microns acroms It has one oral sucker at
its anterior end  The
eges are large 130 to
140 by 80 to 85 microns
golden brown m colour
and ovold m shape
(glnbc 1 figure 18) )
shell is thm and bas a
small operculum (s bid
like structure) at one
end In the immature
egg tho contained pro-
toplagm is divided into
a large number of regu
lar globular maases
which almost fill the
rhell,

Life qde—M a n
is infected by eonsuming
maw aquatio vegetation
the parasite gaining

denum and the embryo
attaches iteelf to the Figure 168  Life cytle of Famolopais bukii.
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ver and other organs, producing pathological ges mainly but n
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entirely by pressure  This dusease occurs in temperate and cold climates
pricerpally where sheep raising is practised extensively, but it Is also
encountered in a few tropical and sub-tropieal arens

In view of the fact that it is m no sense a tropioal disease and that it
1w nsually deslt with adequately in standard textbooks on medicine and
surgery hydatid dizcase 18 discussed only summanly here

Geograpbical dustribation —Hydatld disease has an extensive dms
tributlon throughout the world but the most important focl aro Jeeland
central and south-castern Europe North and Bouth Afriea South Australia
Tasmania and New Zealand and Uruguay Argentina and Chile. It also
occurs extensively in Palestine, Syria Arabia and Iraq and in Sibena

In India the diseazo 1s comparatively rare but perhaps nol as rare
as published reports would indicate (ﬁdltoﬁnl 1938) and there are
undoubtedly 1solated foer where a higher human infection rate exists (Sami
1938)

ATIOLOGY

The cansal organum —FEchtnococcus granulosus s a minute worm 3
to 6 millimetres in length, comusting of a z¢olex a neck, and one immatare
one mature and one gravid
proglothd It is an intes
tmal parasite of the dog the
wolf the jacknl and rarely
the domestic cat The prin

cipal
theep eattle and pigs  but
many other animaly act as
mtermediate horts  notably
and camels. Man 1
mfected eporadieally taking
the place of an intermediate
host 1 the 1nfection

sequence.
The Lfe cycle —The
which induth\uumh:ﬁo
from that of the Tems =
ingested by the sheep or
ather misrmediate host. In
“ﬁ:]flm' stomach the outer
s/ 18 digested off and the
onchosphers emerpes 1n  the Figuro 109
duoderum where 1t penetrates the intestinal wall to reach the mesenteric
venules It is us filtered out 1 tho liver but may work its war
these capillaries and even thoes of the lung to reach the systemic
eirculation and any organ or tissue of the body Wherever it is held up
esther it is destroyed quickly by the tieue resstion or it develops into &
hvdatd cyst and commenees to grow Within this cyst brood-capeules
contaming scolices develop When the intermediate host dies or is ed,
and is devoured by a potential definitive host thess scolices attach them-
selven to the intestinal mucosn and develop lnto the adult echinococens
When the adult is mature the termina] proglottid becomes detached and
the uterns bursts discharging the ova into the bowel lumen to be passed
out with the stools or the detached proplottid itself may pasy out of the
intestinal canal before discharping the ove. Whickever happens, the eyele

:}cgomvzamlde and the ova are ready to be ingerted by another inter
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(ud) the rupture of an hydatid cyst with the sudden rel
quantities of hydatid flud eontainmg allergina toxms Mdmdfuﬁﬁ :E
nto the blood stream, a perous cavity the lung or & hollow viscus (2v) the
development of eecondary cysts in other organs and tissues and (v) asa
common compheation, the mfection and tion of an hydatid cyst.

Dutribution of the lestons.—When :Ee onchospheres find ther way
mto the portal airoulatian the first organ that they reach will be the Irver
about three-quarters of the hydatid oysts recognised clmically or post
mortem oceur here of which four out of five are m the nght lobe. Bome
will work therr way through the hiver and of these roughly half will be
held up in the next set of capillaries that s i the lungs about 10 per
cent of hydatad cfata are found m the lung. The remainder get
mto the arterial blood and are distributed to other organs and tissues
ather mtes roughly m the order of frequensy are akin and subeutancous
tizsue bone muscle kidneys spmal cord, bram heart and other organt.
The high percentage reported a8 ocournng 1n the pentoneum are certamly
mamly due to metastases from a ruptured prmary hydatid.

Development of the hydand cyst.—Of the onchospheres that come to
rest 1n the various org:m, most probably the majority are destroyed by
tho tmsue reactions those that survive develop nto hydatd cysts and
grow reaching a mte of 250 microna m about three weeks They are now
surrounded by a charaotenstic tissue reastion 1mmediately around the
cyst are endothebmnl eells and giant cells which are surrounded by & layer
of fibroblastsa with new capillary formations and mfiltrating eosnophils
and an outer layer of denser fibrous tissue When a cyst 18 locsted In
the liver or other soft tissue 1t continues to grow and 1n the sheep by
the fifth month has reached about one centimetre m diameter but m man
the growth 18 generally slower and & cyst which may eventually attam the
sise of a football seldom remches & sufficent mye to be recognusable
clineally for about fifteen years unlees it 18 m some vital structure.

Ay the coyst grows 1ts outer oo besomes thicker and les
permesble 8o that the tissues 1n which 1t lies resct less specifieally but
rather as they would to any foreign body The mature eyst consusts of
three layers one of host and two of sitic arigin namely an outer
fibrous-tusue layer & middle lammated hyaline layer which 1s elastic and

y away from the outer fibrous coat when the tenmon withi
the cyst 1s reliev and the inner germnal layer The Cﬂﬂﬁ
albumin fres salme flud under slight tension, in which be fol h
hydatid sand conmsting of brood capsules and seolices  Within t.:m:
orgnal eyet oavity there i often end ous budding with the forms!
of daughter cysts which separate from the mam cyst wall and will dﬂdﬂ
mto indrvidual ]hydatid Uylt? should tihe original oyst rupture into

toneum or blood stream for example.
penExogtno‘us budding also ocours In such cases the tumour develops
A much more malignant character as i1t mvades rather than wmp‘wfh’
the surroundmg tissue and oventually a large multiloculated cyst :ﬂn
may 1mvolve practically the whole liver will result. Also without ruph‘:-;‘l;g
1t mAay give Tiso to metastases (It 18 & matter of controversy Wi o
this enous budding 18 not the charactenstie of a different species ol
atram of echinococcus The evidence for this 1s that 1t common 00"1":
cnly m a few geogrphieal localities 6 g n Central Europe but tho preee’”
consensus 18 that there 1s only one )upecxm and that some speoial cond!
determines its special devel t. urall
ZE$ mal column 1% DA Y
When the oyst grows wi the !khugﬂlijgadﬁu. o evelops 10

duces pressure symptoms at a muol
Embone the natore of the tumour is somewhat different as the pressur®
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causes mvagination and the formation of diverticule The condition pro-
duced is like that of oystic disease of the hone there 1 rarefaction of the
bane and spontaneous fracture 1s likely to ocour

Spontaneons ture —This § not an uncommon ineident  Ilvdatid
of the liver uvually rupture into the peritoneum or into the gail
bladder or bile ducts In the former cate the only immediate result
may be shotk and allergic manifestations but after several years a large
number of cyats may develop in various parts of the peritoneal eavitv
Tn the Iatter the daughter cysts may causn a temporary blocking of the
common bile duct, but the more serious consequencs will be the almoat
mevitable mfection of the oyst cavity

In the lung ru Into a bronchus 1s not uncommon If the cyst is
a large one the incident may drown’ the patient but if he survives this
the proguosis 18 ususlly good

Eu aration —This may otcur in any eyst but in the caze of unilocular
evst 1t is usually the result of a leak or rupture nto a hollow viscus The
suppuration rate amongst multilocular hvdatids is much higher than
nmm:ﬁt the unilocular cysts

e changes that occur when hydatid cysts develop in other rarer

ocations need not be discussed here

Calafication —When a hydatid cyst dies the flnd will be abrorbed
slowly and be partially replaced by cateous matter The cyst wall shrinks
and may befome Cu]clﬁt\f What remamns of the cyst is now completely
surrounded by fibrous tissue and caumng no further symptoms 1 perhaps
discovered post mortem

SYMPTOMATOLOGY

Latent pennod —After infection 1t will usually be from five to twentv
years before the firet symptoms appear and it has been estimated that i
about 25 per cent of eases the cyst remains symptomless throughout life

Ontet and conrse —The onset of symptoms may be very gradual or
1t may be sudden either due to the bursting or suppuration of & hydatid
cyrt. It will be appreeiated from conmderation of the pathology of the
condition thet the nature of the symptoms 1n either care will vary aceord
ing, to the erte of the evat and m the latter according to the direction in
which it burats

When the hydatid 18 1n the hiver the first evidence will often be the
appearance of & tense cystic tumour posmibl uhxbmn%tha charactenstie
hydatld thnll on percussion m the ep1g-utr{um or if the hydatid s near
the upper surface of the liver there may be respiratory distress and eardiae
embarrassment. It 1 usually pamlesa. If it bursts into the peritoneum
the patient will immediately suffer from shock and posmbly an urticanal
rash a little later after which there may be another latent period of five
to ten years beforo the secondary hydatids in the toneum begin to
cause symptoms  Or if it bursts into a bile duct there may be biliary
colic and obstruetive jaundice and later supparation with pyrema and
other complieations associnted with & liver abscess  If it bursts into the
pleural eavity fram the hver ar from the lung after initial shoek the
#1gns will be those of ple with effumon

Multilocular or alveolar hydatida on aecount of their invasive nature
more readily become infected #o that wregular pyrexia and pain suggestive
of hepatitia or liver absceas will oceur without definite rupture

ydatids in the lung after the usual long latent period may producn

tloxly nereanng dgfpncru or asthma like attacks may be bulgng,
and ddormxt{ of the chest wall but before the cyst hrs reached such a
rize there wall be an area of dullness absence of breath sounds and opacity
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(i) the rupture of an hydatid cyst with the sudden release o
<quantities of hydatid flud conlaining allergins toxms and daughtei g
into the blood stream, a serous cavity the lung or a hollow Viscus, (1) the
development of secondary cysts i other organs and tusues end (v) asa
common complication, the mfection and uration of an hydatid oyt

Dustribution of the lesions—When zﬁa onchoepheres ff;d ther way
mto the portal eirculation the first organ that they reach will be the lver
about three-quarters of the hydatid cysts recognued chm or post
mortem oocur here of which four out of five are in the right lobe. Boms
will work therr way through the liver and of these roughly half will be
beld up 1n the next set of capillaries that 18 1 the lungs about 10 per
cent of hydatd nf'sts are found in the lung The remainder get
1nto the artersal blood and are dutrbuted to other and tresues
other mtes roughly 1n the order of frequency, are and subeutaneous
tissue bone muscle ladneys spinal cord braimn, heart, and other argans
The high percentage reported as ocourring 1n the pentoneum are certainly
mamly due to metastases from a ruptured primary hydatid

Development of the hydatid cyst.—Of the onchospheres that come to
rest m the various most probably the majority are destroyed by
the twsue reactions those that survive develop mto hydatd cysts and
grow reaching a me of 250 microns in about three weeks They are nov
surrounded by a characteristic tissue resction 1mmediately around the
oyst are endothelial cells andlLFlant cells which are surrounded by a layer
of fibroblasts with new capillary formations end mfiltrating eosmnophils
and an outer layer of denser fibrous tissue When a_oyst 18 located m
the liver or other oft tissue 1t contmues to grow and Tn the sheep by
the fifth month has mao.}]ed about one canuﬁetl.]re n mﬂWHt&%ﬁ
the growth 1a generally slower and a oyst which may eventu a
ege of s football seldom reaches 8 suffictent mze to be recognisble
chnically for about fifteen years unless it 1 1n some vital strusture

As» ‘the oyst grows 1ts outer covi becomes thicker and les
permeable 80 that the tissues 1 which 1t lies react lems specifically but
rather s they would to any foreign body The mature cyst conssts of
three layers one of host and two of parasttic origm namely an onte
fibrous-tissue leyer a middle lammated hyalme layer which 1 elastic and
ususlly shrmks away from the outer fibrous coat when the tension within
the oyst is relleved end the inner germipal layer 'I'hewlijvjut cﬂﬂm‘:
albumun free salme flmd under t teomon i which be foun

Withm the
hydatid eand conmshing of b ~capsules and Bcom e formmabon

or cavity there is often end oos budding
of %ctgrﬂcym which separate from the main cyst wall and will dtnmthpo
into wdrvidual hydatid cysts should the origmal eyst rupture in

Exogenous budding also ocours In such cases the tumour develops
A much more malignant ocharacter as 1t invades rather than coml'ﬂ":;:
the surrounding tisue and eventuslly & large multilosulated oyst W
may 1mvolve practioally the whole Liver will result. Alro without mphtmﬁhual‘
1t may give rse to metastases (It 15 a matter of controversy W pe
this ous buddmg 13 not the characterstio of a different
stram of echinococcus The evidenee for this 1s that 1t commoniv OCCU-‘:
only m a few geographical localities e g n Central Europe but the grdjtﬂ:)ln
«onsensus 18 that there 18 only one )xpeoim and that some special eo!

ermines 1ts 18l dovel cent

det When the g;)letcgmwn wiULEfth the akull or the spinal rm]umziz, zibnal‘;ﬂ‘lg
produces pressure symptams at a much earher date. When tthm p3
A bane Lgs nature of the tumour is somewhat different as the pressure
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causes invagination and the formation of diverticule The condition pro-
duced 15 like that of oystie disease of the bone therc 1s rarefaction of the
bone and spontaneous fracture is likely to oceur

Spontaneons rupture —This § not an uncommon neident  Hvdntid
of the liver usua rupture wmto the peritoneum or into the gall
bladder or bilo ducts In the former cate the only immediato result
may be shock and allergic manifestations but after several yeam a large
number of cysts may develop 1n varlous parts of the peritonesl eavity
In the latter the daughter cysts may causn a temporary blocking of the
common bilo duct but the more serious conecquence will be the almoat
wevitable nfection of the oyst cavity

In the long into a bronchus 1s not uncommon If the cyst is
a large one the incident may drown the patient but if he survives this
the ofs 18 uaually good

uration —This may occur in any eyst but 1n the case of unilocular
cvet lmumnllv the result of a leak or rupture into a hollow viscus
supputation rate amongst multilocular hydatids fs much higher than
am the unilocular cysts
e changes that occur when hydatid eysts develop in other rarer
locations need not be discussed here.

Calafication —When a hydatid cyat dies the fluid will be absorbed
elowly and be partially x:;)luced by caseous matter The cyst wall shrinks
and mav befome caleifi TWhat remams of the cyst 18 now completely
surrounded by fibrous tissue and caumng no further symptoms 1s perhaps
dircovered post morfem

SYMPTOMATOLOGY

Latent period —After infeetion 1t will usually be from five to twenty
years befors the first symptoms appear and it has been estimated that 1n
about 25 per cent of cases the oyst remains symptomless throughout life

Onset and coorse —The onset of symptoms may be very gradual or
it may be sudden either due to the bursting or squurnhon of a hydatid
cyst. It will be appreciated from conmderation of the pathology of the
condition that the nature of the symptoms in either care will vary ascord
ing to the rite of the cyst and m the latter according to the direetion in
which 1t burats

When the hydatid 1s 1n the hiver the first evidence will often be the
appearance of a tense cystic tumour posmbly exhibiting the charactermstio
hydatid thnll on pereusnion m the epigastrium, or if the hydatid s near
the upper surface of the liver there may be resp!‘.rntory distress and eardiae
embarrasement. It 18 usually painless If {t bursts into the peritoneum
tho patient will immediately suffer from shoek and possibly an urticanal
rash a little Iater after which there may be another latent period of five
to ten years before the secondary hydatids in the toneum begin to
cause symptoms Or f it bursts into & bile duct there may be biliary
colic and obstruetive jaundice and later suppuration with pyrexis and
other compheations asociated with a liver abecess If it bursts nto the
pleural cavity from the liver or from the lung after initial ahock the
a1gns will be those of pl with effusion

Multilocalar or alveolar hydatids on account of their invasive nature
more readily become infected so that xia and pan suggestive
of hepatitic or liver abscess will oceur without definite rupture

ydatids in the lung aiter the usual long latent period, may producn

tlowlv inereasing d; cea or asthma like attaeks  There may be bulying,
and deformity of the chest wall but before the cyst hay reached puch a
size there will ba an area of dullness abeence of breath sounds and opacity
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under the fluaroscope If the eyst bursts mnto & bronchus the patient
bo asphyxiated by the fluld and the daughter cysis obu&'ﬁetmgﬁ
broneh: or he may be able to co up the contents 1n such eases abont
75 per cent recover spontaneously but in others & lung abscess may develop

In the bran thammmwmptomawﬂlmmyuppmrwller bat
at first they may amount to little more than headache and visual disturb-
ance and the hydatid may reach a conmderable mze—demonstrable by
z ray—before the more serious mgns and symptoms of mtracramal
pressurecau.saadm]ﬂmmsolhumurtobemde. Again everythmg will
depend on the locallsation Sudden death may oeour from presere on
vital areas or rupture of a oyst into one of the ventricles.

In the bones, pamn will usually be the first symptom later there may
be defo and spontanecus frasture

In the kidney the condition will be suggestive of a hydronephrosis or
& tumour Sumlarly i other organs and tweues the symptoms will be
those of a bemign tumour end -when 1t 1s palpable of a ¢ tumoar

DIAGNOSIS

This 18 a matter of very t mmportance as even i countries such
a3 Australia and NertzedZealnng;he;e(t{he dsense tz;uv:lommond ?nly abgl;]t.
half the cases are re~o) y and for pro
treatment aocummbgodmgnm 18 %.;sant Dgau.glr?om can be considered
under mx headmgs —

(1) Climcal.—The only pathognomonic finding 18 & hydatid thrill
which can usually but by no means always be elicited in the case of large
hydatids of the liver Most of the clmisal evidence is of & negative nature
the slow growth of the umlooular bydatid and 1ta non wflammétory and
non mvasve nature maks posmble the development of a very large tumour
with the minimum of general or loeal effects @

(#) Roentgenography —Hydatid oyst on the upper surface of the
liver can be recognized by the elevation of the rght dome of the diaphragm.
Roantgenography 1= also of great value In locating a oyet o the lung bram
or bones When dead oysts become caloified they are well visualzed

ft tissues
% (15) Blood picture.~—This will provide little help in countries m
helmmthic infections are common Eosinophilia will depend an tln’-‘l't'if P
some seepage of hydatd flud through the cyst wall and a eount o o
10 to 20 per cent will be found in most active cases Inth;foﬂmwm
rupture oocurring m the oyst wall as a result of 11l advised int me: .
otherwise there will be a uhnrpaull"ia; l.ll:]l téa:ﬁeom.noi phil eount. Howev
eosinophil count does not e hy
o (w) Spcmm tests.—Usstul mformation will be obtamed from two suck
tests — wd
— udmmth(rmhcu.rbcdwydh’ydﬂmﬂ
n,f,‘:lﬂ’;p‘h"“ o s mhyd.;ddqﬂofmy mmucahﬁll;dg;;:

of pon
e In which the eyst & Dot complotely shut
positive up to & year after the rem
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(v) Intradermal (Casoni) test.—This 19 probably the most ureful of
the immunologicnl tests, it mves tho highest percentage of positive results
snd 1f the test is cardu\ly glunc these will include v\zrfv;ifew falzo pomtives
Tt can be done with freah hydut{d fluid (of proved activity) with a saline
dwssolved aleoholic extract of seolices or with a stand ed heterologoua
tapeworm antigen. This latter can bo made from almost any tapeworm
1t is beet to use a 1 in 100 dilution and to give 001 ¢ em. by intradermal
injection There is an immediate weal of at least one centimetrs in
diameter with peeudopodin

(vi) Identification of hydatid material.—1It is not good practice to tap
n cyrt throngh the abdominal wall ns, even if tho procedure s followed
mmecdiately by o'ﬁc-n operation rome fluid with contained daughter ﬁym
may escape mto the peritonenl eavity and give rise to metastascs ow
ever other opporhnﬁcs for examining hydatid fluld with its contained
brood-capsules and colices will anse, as for example when a cyst bursts
mto a bronchus and the contents are coughed up in such & case the brood
capsules mav be miriaken for grape ekinx

PREVENTION

The reader sliould again turn to p 008 where the factors 1n the mfec
tion of man are discue<ed

The dog 18 not only the most important defimtive host, but he 1s the
Imk between man and any other reservoirs of infection Measures must,
therefore, be directed towards—

{a) 1l'hc prevention of infection m dogs by proper control of town
and country abattoirn so that doge do not have access to the eptrails of
infected anmmale

(b) The destruction of stray and superfluous dogs the proper control
of dogs and of other pomsible defimtive hoats and the prevention of their
access to places where they could infect food or water designed for human
consumption or to the pastures of sheep cattle or pxﬁa

{¢) The reducmg of the direct arsocintion botween dogs and man this
can be done by redueing the number of dogs as above but slso by

(t) keepmg dogs out of the houses
(1) not allowing them to lick out plates or other utenmls used by

mAD
(in) avoiding the fondimg of dogs and
tt) forbidding clnldren from playing with dog.

These mearurcs agamst dogs are particularly applicable in eountries
where there 15 & high percentai:: of infection amongst dogs In other
countries the precautions might be relaxed regarding mdividual dogs that
are known by careful and repeated examinatlon of thelr stools to be
uninfeeted and that are kept under proper control so that their chanees
of aceers to infected material aro minimal.

Bome of these measures ean be mded by smtsble leglslation, but
education and propaganda will be creential to achieve success in the pre-
vention of {ins infection Already a very considerable d of wuecers
has been achieved in Australia and hewr%mhmd‘ and also in Teeland

TREATMENT
No drug has yet been found that has an 1fic effect on the parante
in the stages in which it occurs 1 man {tnl’ee:mm verv possible that a
epeafie might be found that would destroy the parante m 1ty early stages
but 1t would be dificult to establish ita cfieacy and ita practieal use would
be limited to the Ecnadic administration to those under serous ek how
ever cven 1o ruch cares other preventive measurcs would be preferable
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The msulation of the cyst by the thick fibrous capsule that oceors m its
later stages males it(;)roblamatical 1f a drug will ever be found that will
penetrate the oyet and destroy 1ts contents Treatment must therefore be
expeotant or oal

Surgical.— Whether this 1s posible or not will naturally depend on
the looation of the hydatid. Hydatids of the liver are those that eall far
surgical treatment most frequemtly The aim must be to remove the
contents and the parasitio layers of the and to close the cavity as
far as posmble wrthout open dramage must be done without any
contamination of the Ferhaneal cavity with the hydatid fluid.

It would be out of place to desanbe the surgioal procedures 1 deta!
here, but the most recent methods include openmg the abdommal
cavity to dmplﬂﬁstha cyst selecting a suitable pomf for aspiration surround
1ng 1t wath swabe to take up any 1ble lmlﬁng fluid, asprratmng most of
the cyst contents injeoting up to 650 0 cm of 10 per cent formalm to destroy
the daughter cysts and scolices cutting down on and shelhng out the
parasitio laivmen of the oyst and again swabbing out the cavity with 10 per
cent forma

Prognosis.—Hydatid disease 12 always a serous conditson but its
serzousness depends very largely on the looation of the cyat, and, when
operative treatment is und on the experience and ekdll of the

n. In the hands of a skilled surgeon the mmediate prognoss m

ular liver hydatids 1s good, but recurrences in the peritoneum still
ocour in a conmderable g::centnn:fc of cases The prognoms in mnultilocular
and suppurating hydatids is b
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It 15 not uncommon te apply the cocfliciont of 0.9 08 a maximum to
women cxeept of courre pregnant and lnctatmg women For babies under
the age of one vear the enlorie requirements rre best supplied on a body
waoight basis thue —

Under six months 100 calories per kilogramme, or
4. calones por d

Bix months, but under one year @0 calonen per Klogramme or
11 calomes per pound

An allowance will also have to be made for the muscular activities of
children this 12 usunlly ealculated as 75 calones per hour of active play for
boys between 5 and 11 years of age and girls above & years and from 76
to 160 per hour for boys above the apo of 11 years that m to Bati the same
allowance as for light and moderate work r?spectlvcly Although 1t is
mmportant that the full ealoro requirements should be supplied the exact

portion of the variou. constitucnta 18 not a matter of vital importance,
t m a well balanced dict in temperato climatea the proportions ahould'
be roughly
hmmfnt carbohiy l:rt\l((‘{: 115 ¢ bods build N 4
i wever  estential for o ¥ g that o diet
should melude a ruffiaency of goo‘s tein

The composition of all common foodstuffs in termm of protemn fat and
carbohydrato has been worked out and can be read from the many tables
that have been prepared  these tables usually gave the calone value of a
given welght of the substances but 1f they do not this ean easily be
caleulated from their composition

Protein requirements.—The protem intake of an adult should not be
Iess than one gramme per kilogramme (or 0 40 gramme per pound) but the
requirements of groming children are proportionately vory much greater the
ammints thown In the following table are recommended —

Tame B
| Proter  requirements
Age ¥y grammes 7 kilo
| body~werght

1-3 J 35
5 30
5-12 25
12 15 | 25
15-1 20
17 21 | |93
21 upwards 10
Wome pregnant 0-3 monthe ! 10
40 15
Inctat nx 20

Meets needs { pbert

Proten 1 bualt up from chemienlly sumpler rubstancer anuno-acide
Dunng mietabol m these are abtorbed und rearranged o bods protewn _

ere arc anoul 22 different amino-gpeids sorie tén of which ineluding
tryptophane and Jysme are essential whereas the remainder appear
oot to be there are thus food protemns and r protems  \While
there are manv good proteins derned from vegetable eources as a general
Tule the proteins from anmnal eources are the better and rome animal
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Proten B0uld Ay, be e
e, T eoVBYE be 1ne uded “%n?;ezt pecally ¢h, diets of oy

Et‘éflactntm
for i G e nt v S s

erq]]

otary element and the optimym fnuum tm
00nsiderg}, Al
Hdiderably With the glumt.e in a tempen:emclmmte while 100 £ranmnay

Cona 50,
“Minera} Ultements,_y, A quanti}e, of these pro ed,
but the mmxmntgn requlraEnntaegve been caleulateq o

Calanm —Fuh " €EE® ang Vegetables garq neh o enfenm,
Cgrdmla{ lmpeomuy Tite are poor Sources  whe, meal is however o
mederaty fource

The da Y Tequiremeny of A0 adylt 3, about g7 %c but that of

& child why, neersg 20 excesy of salefum for bone formy it at Jeagt 19

gmmme of a Pregnant Woman Jimxmmu and of 4 lm:ilting Worman
0

a d)
fron ®Upply stored i, s liver oo that ony when a pure oy
beyond thiy Pened ¢ 14 Decessary 14 give nddxu;u.ﬂ frop bututh:mpi;g:;m

di
e hable to suffer relfativy deﬂcxenoy

#ad ’;Phal;uvl??;mn of the adult hayy been placed ﬁf 12 milh
Bramnios, byt 1p, “HHicieng o gigt 0ue should expeet at least 20 m, EEC‘ZE“;
0 8L0w for some of the mron 10t being avalable A7, better In Loation
of lr;;deﬂc!ancy in a popylaion Will be obtameq by blood examing

8 sample of the Population ¢hep a diet survey A hypochmg.’}%‘md
m a Etga Percentage of o Population i, which there ig nobod:ﬁ?l
nfectian with ankylostomey op schistosomes wify almost always e
defictent 1ron intake apg fuch an apemis oven in the presen
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requrements of vitamn C), (c) endoerme deficioncles (mde tafrg
myxadema and peliagra}, and (d) the personal Iactor (an expression that
18 & cloak for our ignorance)  Again, vitamin deficisncies are saldom aingle
for, of & diet is deficsent in one vitamin, 1t will be deficlent 10 one or
more other vitnimins espeeially in thoee found 1n the same foodstuff
Examples of grouped deficiencies aro the fat soluble vitammns A and D, ad
the water soluble B vita)

Our summed knowledge of the vitamins hLas already reached vad
proportions and 1s mcreamng y There are many vitamins, ther
number 15 continually bemﬁ added to and the named vitamins are frequently
bewng drvided and subdivided Not only do we know in what foods they
ars 1o be found 1w large and small amounts, and what disesses and minor
disalohties ther deficiency eouses but 10 many instances we know ther
chemical formulm and the exact daily minunum requirements of the human
orgamsm  The writer does not propose to discuss the various vitamms m
any detsy here bui only the special distetie problems that are likely to
face the worker in the tropies  The reader who ia not famillar with thes
mportant subject 13 advised to refer to one of the many standard textbooks
on dieteties but m order to help lum to follow the subsequent discussion
on the dietsry deficiencies encountered mn the fropies, a table gﬁng
summarized date on the important vitamuns 1s appended (se table C)

DIETETIC REQUIREMENTS IN THE TROPICS

The basmo dietary requirernents in tho tropica are naturally very much
the same as thoy arc n temperats climates at least qualitatlyely but it
hay been found that quantitatively certam reduction should be made.
Aykru}ld (1941) considers that the caloro requirements of the Amnge;m;
adult Indian, for axnmfle, gaged 1 & & pation iy ,Jt
calorzes or 10 per cent leas than that of the average native of iEmPe"“°
western countries to this he adds 450 crlories for the light to modente
work in which the average agriculturist 1s making a total 260018
round figures To this figure he appliea the following coefficients —-

Tinus D
lores reguired
Coeftnent | (000 7000
dult male (over ) 15 2500
famale (over 14) 08 2100
Child 17 end 13 yesrs 0§ 21
1 07 150
[ 085 1000
s 05 1,300
1 5 { 24 1co

tating women
For nt women he allows 2400 calories and for lsc i
gaged 1n hesvy manun! work a further allowance
geogada D;nthtg:alrctfm of the allowances made for hard work ip temperate
de)

w“ngg:ﬂﬁ:quid";emblc protemns are as & ruls poorer than snimal pgtﬂg

(11de swpra) and, as A large pcrcenu&a of the patives of t.huamt;up
otarists or virtually vegetarians cf eronrellgimuiarw:g'u o

ﬁ diffieult to melude mﬁcmtﬂiood rotein in their diets. be o minis

at least one-8fth of the protein ghould be of salmal origin ag gromng
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children and pregnant and Iactating women the proportion should be higher
Tt=w1ll be seen from the table of biologieal values of protein that even
»f meat 13 taboo milk and egge can be taken to provide protein of high
bologacal value
Fat.—The fat requirements are certainly less than in temperate
clmates A diet containing 50 grammes of fat need scarcely be considered
deficient in fat, and one containmg the clarsical 100 grammes will usually
be too nch for ether the mative or the oo)uumer in the tropiea Again
however it is important that eome of the fat should be of animal o Qn
partly becaute some anmpal fats are richer in vitamins Most vegetable
fats arc very poor in vitamin A An cxception to this rule is palm
(Elaews guincenss) ofl which is rch in witamun A, this palm growa
Nalava  Bunna and West Afnien whenee rome 1x rted to other
tropieal countries but little of this oil 18 consumed In India or China
Other vegetanan food that are nch 1n vitamin A are nuts and royu beans
Mineral salts and vitamins —There 12 no satisfactory evidence except
pornbly m the cases of vitamin B, and choline that the requiroments of
theee are in any way different from thoeo 1n temperate countrier However
the blood depredations of parasitic infections more common m the tropies
than elsewhere make the average iron requirements greater than in the
temperate zomes and convereely the oral vitomin D requirements are
urually less on account of the longer periods of sunlight to which people
are subjected m the tropics (see 6) JIron cooking vessels are often
used 1 the tropics and this pmbablr;‘ helps to meet the demand for won.
Some tropical dietanies.—Data from several 1cal countries are
avallable but India with its four hundred million abitants and ita
vaned chmatic conditions and racial types provides a suffioiently wide
vanety of diets to form the bama of a disoussion on tropical dietaries
India hes possessed an efficient nutrmtional ressarsh umit for about 20
years This was started by S8ir Robert McCarrison under the auspices of
the Indian Rescareh Fund Amsociation and for the last eight years has been
ably directed by Dr W R Aykroyd who 1n his nutntion laboratories at
Coonoor and eleewhere has carried out a systematio investigatwon of
Indian dietaries o well as much rescarch work arsmg therefrom and har
in many aspects of nutritional investigation given a lead to other tropeal
countries The following table and comment on Indian dietaries is taken
from a paper by Dr Ay d (1841a)
It has Leen found that the diet [ the poor mee-cater 13 much the same all
over Inks [ sddition to i stapls ceres! he consumes only very amall quanéitier

of vegeiables and meat Intal of pulses 1s usually from 05 to L5 ounces
y pon-lealy tables 2 to 8 ouncer less n 1 ounce
Cotmmption of meat fih and eggs rarely excceds 1 ounte and as & rule not

the of milk 15 urually peggible Fruit 1+ rare i lent wn th
S:;;Muchtbenminrmu{d hbnngkcm N;dll::umtlain';lude

milk renenlly speaking m uct on W m t eat
eating parts of India clsowhere M deets dife from thowe [

poorer
‘egrtables fruit and, mn the case of non- egetanans more mulk products and ment
In many atcas two or more cereals may be in luded i the diet othsr mgredient
bdnf Lmited as deserfbed abore

In shout 30 per ecnt of the sneyy which were earried out 1 wadely
reparated area the average calone ntake was below %300 per conrumptian umit,
ie below reasooable  tandard of requirements Apin, within eel

ahm of
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conmidernble lon of protein fat ron and witamin B,  Thero are different
d of milling and the cxtreme degreo of rml is carmed out by
rubbing the rice between two leather mfaces this removes the last traces
of tho alcurone laver and penearp, and leaves a polished pearly whi‘teuﬁmln.
Ruce thus treated is known as polished ree whereas after ordinary millmg
it 15 known as malled rice. In cither case the part removed s known as
rico polithings these polishings are naturally rich in protein fat iron and
vitomin B

A procedure that has mainly been practiced 1n India and is now spread
g to other countries is known ns parboiling (part boiling)  The rice still
m the bk 1s first ronked In water, then stenmed for some time drted and
finally husked by ope of the methods mentioned above Parboiling has
the practical advantage that it makes newly harvested rice mare digestible
and facilitates husking but its real value from the nutrition point of view
18 that both the 1ron and vitamin B, and to some extent other B vitaming
alsg n the ﬁerm are dizeolved and much of theso is abeorbed by the
endosperms _therefore mueh lers of the 1ron and witamun are lost durmg
subsequent husking

The following table shows the cffeets of milling and parboiling on
the compesition of nee —

Tame G
Raw mcn Parsonrn xxs
e | |
oms ome
Villed po ded Mdled l pownded
- i
Proteln, per cemt o9 85 84 85
Fat, 04 06 04 06
Calchm 001 001 001 001
Phosphore 011 01 013 223
ron mg 100 150 120 250
% 10 ‘m\' 100 g 20 | 6 -0 °«©0
pestibiity + + ++ ++
Flonng propert en -Eooi— Poor _Y)oor

‘Vcrypoar

Thers 12 further conmderable loss up to %0 per cent of important
ingredients during washing and cooking crpeenally if the cookmg water
is disearded which of eourte 1t ethould not be If for cooking the right
amount of water 1 ued all the water is taken up by the rice by the
{ime 1t is cooked

It will thus be obvioun that the practiece of machine mulling is a bad
one from a nutntional point of view One might ask YWhy then is it
practised and why i it dificult to eradicate the practice T There are
soveral reacons for thir  pme of which are round others are not  Firstly
(a) the indu. trul worker finda 1t very convenient to buy riep ready for
cooking instead of pounding it himself This raving of trouble will often
appenl to the milager also and ho frequently takes hus niee to be milled
this 15 done nlmort free of cost becaw.e the miller makes his profit out
of the polishings  (b) When rlce has to be eonveved rome distance
freight is saved §f the husk 1s fint di carded In thls mechanleal age, it
would be cconomicnllfv ympo mble to hand pound rice in large quantitles
and further (¢) milled rice keeps much better than home-pounded ree
(d) Unhu_ked rice keeps well of it is stored 1n a dry and well ventilated
place os the husk protects it but, when the hu X 13 removed the fot mn the
aleurone laver i cxposed to attack I» mi ro-organt.ms and becomes ranerd
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very quichly Parboded rice even sf subscquently milled doca n
ag wc?l as raw mlled nee Fanally (o) wathetieally o plate of o m
white rice is much more uppenling than one of flecked and discoloured
home-poundod rice  Thus, it will be seen that the problem is not altogether
& mmple one, but the dangers to health 1n nllowiug ns who eat littls
elgo but rice to use pohirhed ree are so great that it 5 essential that thes
d:ﬁicalhea ’?ﬁffg s-on:nhtﬁ;n be overcome,
ne Im 1 to t the degree of mulling to which rice me
be subjected. Another would bo to improve the mechamical nmho£
of husking rice  Experiments have been carried out mith 2 wooden grinder
and 1t has been shown that by usmg thm threetuneaaamu:hl?taud
vitamn B, are preserved as when the same samplo i subjected to mach

s
Tie sotroduction of leguslative measures to prohiint machine milimg
18 hkely to be resisted on account of vested fntmu Further in »
locabty wherp the millng bns been practised for many years and the
people have aequired the habit of buyiag mitled rice quantities 83
tl;ey require it 1t would he unpractieable suddenly to prohibit the mulling
of riee.

THE EFFECTS OF DEFICIENT DIET ON HEALTH
General effects

It may bo taken as mxiomstic that the physique of a natim
1 dependent to s Jarge oxtent on its food g?umamus exanples
of peoples of the eame racial hiving under comparable elimatiy condi
tions 1 which thoso t a dist are physmeally far suparior could
be quoted ey m Afries the men of the Masar Inbe, whose diet i largely
muk and ment are on an average five iches taller than those of the
Kikuyu trthe who live on a poor vegetarian diet and the northern Indmas
who fne on 6 good diet with wheat as the staple ccreal and plenty of milk
are physealls much finer types than the rice-eating routhern Indmpe It
15 however harder to apprame the effect of diet on health, as distimet from
physique that 13 on morbidity and mortality, as o many other factors
come into operation. In I.ud{a, at least a thurd of the population is
quantitatisely underfed and an even greater p op lives on &
quelitatively defective diet {1nde supra) and the health of the countrvbl;
admuttedly very bad the expectation of Life at birth was calc'uhtl.'d to
26 to 27 years 1 193] compared with 58 § for England and Weles (1633),
619 for Sweden (1926-30) and 68 for New Zesland (1033) The two
facts can undoubtedly be connected, but how mueh of this Il beslth can
be attributed to malnotntion and how much to other fators ?
modern sanstarian believes that nutrition 1s % motter of prunary unportance.
Bir Alcxander Rus el then public health commissioner with the Govern
ment of India 1n s report for 1835 wrote —

apivk
No preventive cam, against malers tuberenlor :h"m
laprosy o meternity m:ﬁgm&mucm%%mn ™Y e

1 lo revognire
utor?(ddoannnutriﬂanbm?immm:hmumﬂmi&t mart-a'itg
attantion Abundant sup; of quun plies feoapdigres

tovis, leproay colomas and maternity and cbiid welfars can
demrable uf not essen gmu(ulai.hnrwtultbanﬂ“"f

f &qwbgtoun?}adﬁunnmn standard of

The et eventials for preven: s
pawer of reristance t pction  Theee aan

s T hm:buwtﬂ;(muﬂtb‘pb}ﬁﬂm*”

2

10 provids proo! from public heaith returns
But é&;ﬂ;‘};m‘ﬁ eun:“?’m ot fail o believa the tmportan o.f‘ diet
when he sees the varions major apd munor defects mel AWRY
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patients are put on to good hospital diet and their persistenco if the same
patients are treated m thewr own homes  But ho agan finds it difficult to
show any proof that these same people would not have suffered the various
infeetions mnlana amebiasie Kala ngar enterle or ankylostomiaas, that
pmbnbly brought them into hospital whatover their diet had been ere
18 hittle indieation that cither the mcldenco or the courso of the diseaso In
the cases of smalipox, plague kaln azar sleeping sickness or yellow fever
1 affected by tho patients state of nutntion cholern epidemio typhus
and louse-borne relapsing fever oro often a socisted with famine condi

tions but in thezo instances tho rapid spreading of the disease is in part
at lenst duo to tho indifferenco to personnl hygicne that Is not unnaturally
exhibited by starving people.  The effect of malnutrition as a red.l;i)oalng
caute of leprosy is a controvermnl subject but tho consensus o oEi on at
present s apamst any amsoolation  Similarly malamologists have for
many vears etreesed the viclous eyole malnutrition—malana—malnutn

tion but recentls this doctrine has been questioned and eome of the
lending mnlariclogists take the view that tho anssooiation between malaria
and malnutrition 1s not due to a oycle of cvents but to tho sequence
malaria—debihity—poverty—malnutrition. The present wnter visualizes
tho scquence as malana—malnutntion—debility: erty—further mal

nutnition for while admitting that the well nourished are just as susceptible
to malana and that in them the primary attack is likely to be as severe
he doce not believe that the truo pleturo of chronic malanal eachexin is
ecen 1 the 1l nourlhed. About the association of tuberculosis and
malnutrition there is httle doubt The standard example 13 Germany
the Iast war here the ineadence rose rapidly almost certamly as o result
of the widespread maluutrition from whioh the whole Xo{fmluhou suffered

Finaily thnu.fh it eeems doubtful 1f malnutntion eould determine specifio
dyeente:rg:a mfections there are certawnly many non-epecific  intestinal
fluxes that are caused by defective dietary (tnde supra)

Some relevant data can be obtamed from famine reports In Indis
Nicol (1840} reporting on tho Histar famme of 1938 and 1939 showed
that there was no increase of malaria or of the d frequently epidemt
in that district eg smallpox and cholera, but that there was n marked
increase in tuberculosts poeumomnia and in other respiratory diseases of
over 75 per cent and an inerease m dyeentery and diarrheea of nearly &
100 per cent The increase in enterie morbidity is a little harder to under
etand though one nould certainly expect an inereass in mortality The total
number of deaths m 1939 are 37707 as com with 20910 mn 1937
The incrense m the death rate was most marked 1n tho under ten years age
gmgg and of the total deaths in 1039 21 160 were 1n this age group that
) cent of nll denths in Hissar were in children under 10 years of
age 18 in keepmng vwith the well established fact that the effects of
malnutrition aro most noticeablo in infants and young children. Forty
ume per cent of all deaths in British India as a whnﬁs were in children
under 10 years of age if these figures arc compared with that for Hissar
(50 per cent) and England and Wales (12 per cent), 1t will be seen that the
figure for British India is much nearer to that of the famine area than to
that of England nnd Wales The deduction 15 obvious

The recorded infantile mortality 1n British India in 1939 wan 155 per
1000 live birthe the actual infantile mortality probably being much
greater  Another special group mn which the death rate 13 very high Iy
amonget pregnant and parturient women Maternal mortality ‘has n
sarjoutly estimated In erent large areas In Indin as from 10 to 2u per
mille and in one miestigntion 1n Arram an average figure of 42 was mven
with for one group the extraordinary figure of 137 per 1000 births
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(Balfour, 1827), this has to be compared with 282 for England and Wals
m 1939 Neal .'Edwardz (1840} found that 23.3 per cent of the maternal
deaths in Crltuttn were due to anmemia whereas anmmia was Ao & con
tributory cause in many more cases, and Napler and Neal Edwards (1941}
considered that the main cause of this anemis was dietetic

All thus points to the fact that malnutrition 1 an b riant factor
the production of 1l health and high mortality m India  For other
countries eg for Java by de Haas (1830 and 1940) simular figures have
been produced and the writer believes that it 18 fair to asume that much
of the i}l health m tha tropics 15 due to malnutrition amongst the natfre
wshabrants

Spedial effects

Starvation —A person who for anﬂnlemgt.h of tune eats less than the
amount that may be conmdered his munlmum requirements is being starved.
The result of starvation is the loss of the body fat, first the adventitons
fat eg the subcutancous fat of the ebdamunal wall and the fat in the
omentum and then the supporting fat i othor parts of the body Ths
pext call is on the muscle the skeletal musole followed by the unstriped
muscle of the viscern eg of the bowel and eventually the heart In
partial starvation after the fat which can be Jooked upon as n natural
reserve hos been used up the subject becomes lethargio and all muscula.\"
effort 18 reduced to a mmimum, after which there is s slowing downﬁt:‘
metabolizm, evidenced by a fall of pulse and iration rate until a po
of compromuse is reached, ﬁmbub in an adult at about one th
calories daily intake (It will be relatively higher in a ohlld who
some food for body building p )~ If the intake falls below this,
vital organs will be affected and ;gc subject will eventnally die In com-
plete starvation epesific deflolencies do not usually develo;;i]but in
starvation, these may complicate the picture and hurry the end seurvy
(vitomin & deficiency) is a common dueare during famines o
Protein deficiency —This may be (a) an absolute deflclency a4
starvation, (&) a relathe defloiency as in pregnant and lactahing mter
and growing ohildren whose protemn requirements are relatively ﬂ.{ sl'fﬂ”
than those of adult men, (c) due to the unsuitability of the pro cl:\o!f e
sem of maize or (d) due to the defective powers of asmmilation
vidual
mlehia is the apecific deficlency most commonly associated ?t'ithrﬁem
tion and edema which is one of the earliest manifestations iﬁu o E.]n oroten
to as famune dropsy the condition is likely to ocomr w! ntzn e
ke [l by 20 gt (e T e el
ma; e serum
2333;“35’10 the 193-{ but the whole bod'y may be involved. 'It'guutmmli ﬂ;
polyuria and some ansmia but most of the other symptoms B here
amoointed can pmb;;bl ?a aurllbgtedbto the qs;namJBcg.r;va o
Q. cal assoclation etween amin
::dngnnw'uar:axtni: :zg]enmm ealled and epldemio dropsy (mf:{n!rﬁema
Hypoprotelnmmia may occur in late pregnancy and o In
assotiated with anemia, it occurs in women on a diet whi Bt meet
protein and although well above the 80-gramme level 1s Insuffioi
e ‘W:Tngni:lf dcﬂccll:ncy ~—Thbly would nppear o be ome offﬂ?;g‘;’f
common defects In tropieal diets partly &D ;ﬁ“";ﬁgﬁlﬁe cﬁcnl defects
and 1t 18 surpriung that thero are n t ono time known a the

eficien Vitamin A was & i
::tt?bﬁft:c%%: 0\—;}:;13: :nd ?t was thought to be an important factor
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preventmg minor respiratory Infections although the case has never been
very ratisfactonnly proved it s generally accepted that it Is an important
dietary factor for maintaining general health especinlly 1n ehildren  The
vitamin A deficiencies most commonly cneountered in the tropies urc[pight
blindness, sergphthalmia phrynoderma and posmbly eertain tvpes of stons
in the ladney  Some of tho eye conditions hitherto attmbuted to vitamin A
deficiency have recently been phown to respond better to riboflavin than to
vitamm A adminietration, it seems poswmble that the actlon ix eynerglstio
and that both thould be glien
Night blindness —Tho association of night blindneas and vitamin A
deficiency is 20 well established that light adaptation tests with an
apparatus hnown ar a biophotometer are employed as one of the standard
methods of testing for vitamin A deficlency  Inability to sco at all m &
dim light 1s o common defect in poor populations 1n the tropics the condi
tion is often associated with other witn A deficiencies and with anemia
producing direnses ¢ g hoohworm diseare and malarin Thia fact led the
writer to believe that this deficlency was an mtiological factor in certain
t of aneemin a belief that he was ncver able to establish  Bright eun
]f;?ulw plays a part mn production of mght blindness (seo p 48)
Xerophtbalmia —This condition of dryness of tho conjunttina is
indicated in its carliest stages by the nppearanco of Bitots spots white
exudative plaques or zpots it may lend to keratomalacln softening and
ulceration of cornea [l’\ocmtomalncm 18 one of the commoneat causes of
blmdness 1 rome tropical countries eg eouthern India
Phrynodctmz—-?\"n:holln (1833} in Ceylon Loewenthal (1033) in
East Afrfea and Frasier and Hu (1834) m Clina reported e follicular
hyperkeratos. particularly on the extensor surfaces of the arms and 1
ch they arrociated with vitamin A defictency Nieholls gave the con
tion the name phrynoderma on account of the mmilanty of the condition
to teads rkun which 18 @ very apt comparison  The condition Iy very
common amongst children in several parts of India
Renal calcoli —McCarrison produced renal ealeuli m rats by feeding
tnem on a diet deficient 1n vitammn A and has bug;ir:ltcd that the urna;
gﬂalu-li.a that 13 common 1n some parts of India might be due to vitamm
eficrency
Prevention and treatment.—All these conditions can be prevented by
wereasing the intake of articles mch m wvitamin A thete are lealy
vegetables (eg spinnch cabbege celery amaranth leaves and eonander
leaves) carrots fruits (partieularly mango and papaya) lver eggs
and butter Vegetable oils eontan no vitanun A with the exception of
rod palm ofl which contains large amounts of provitamin A or carotene
vhich 18 converted into vitamin A 1n the body
cinally the best substance to give 1 halibut liver o as this
contains very large amounts of vitemun A one drop contmins several
thoueand umits (1U) Cod hiver o1 18 also rich m thus vitamin but has to
bo taken in elightly larger doser & drachm and a half will provide an
adequate dmly doze of vitamun A The latter ol although not 20 rich
tamin A contmins large amounts of vitanun D and has other putritional
qualities which make it preferable During the war the cod hiver o1l has
been difieult to obtain and several substitutes have been tried shark liver
ofl has proved very ratiefactory  Many cominereial concentrates are also
available  The normal daily requrements of vitamun A probably do not
execed 5000 1T but at len t 20000 1T »h ull Ix the aun in treatment
and cyen then response may be slon
Vitamun B, J):fxincrmq —-This vitamin has recently become & popular
Panacen and 1 at pretent gro~ Iy abused by the over-enthu w tie but iy
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(Balfour 1627) tins hag to be compared with 2.82 for England and Wala
in 1930 Neal Edwards (1040) found that 233 per cent of the matemst
deaths In Calbutta were due to anemia whereas anemus was also s con
tnibutory cause 1 many more cases snd Napier and Neal Edwards {1841)
consdered that the main cause of this anmmia was dictotfe

All this points to the fact that malnutrition 1s an fmportant factor m
the production of ill health and high mortality in India  Far other tromes)
countries eg for Java by de Haas (1530 and 1940) sunilar figures have
been produced and the writer believes that it Is fair to assume that much
;]nfhgi)e ill health 1n the tropies 18 due to malnutntion amongst the native

tants

Speaal effects

Starvation —A person who for any length of time eats less than the
amount that may be considered his minimum requirements is starved
The result of starvation 1s the losa of the body fat first the advenhtiom
fat, eg the suboutaneous fat of the abdominal wall and the fa} in the
omentum and then the supporting fat in other parts of the body The
next call 18 on the muscle the skeletal muacle followed by the unstriped
muscle of the viscera, eg of the bowel and eveatuslly the heart. In
partial atarvation efter tgne fat which can be looked upon as a natural
reserie has been used up the subject becomes lethargme and all mumxluf
offort 1w reduced to a mmimum, after which there is & alowing down Ot
metabolirn evidenced by a fall of puise and iration rate unti! a pom
of compromuse is reached probably in an adult at about one thourand
ocalaries deily wntake (it will be relatively higher 1n o child who requres
some food for body bulding p )~ If the intake falls below this,
vital organs will be effected and ‘f:ge subject will eventually die. lnmﬁ
plets starvation speoiflc deficiencies do not usually develaxzhbut in
starvation, these may c?rsnplicate the %ictum né:\gigungmh; end scurvy
vitamin C defierency) n common daense
{ Protein det%qeuzyy —This may be (a) an ubo(iuto deﬁuifgci 83 b
starvation (b) a relstive deficlency as in pregoant and lacmf g “mtu
and growing children whose protein ents are relatively ut' Kffﬂw
than those of adult men (¢} due to the upsuitability of the ptx;cnelgf &,
goin of maie or (d) due to the defective powers of assimilatio
indivadual th starva
is the specific deficlenay most commonly associated Wi
tion ?;115 cedema which is onoe of the earliest manifestations is oft&nem
to es famine dropsy the condition 1s likely to ooour whmmm "
intake falls below 30 grammes daily There s bypoprote! e
defletency 18 mainly 1n the serum albumin fraction ® mda’:ln'zm -
confined to the legs but the whole body may be mvolved. Ther® aay be
polyuns and some anmmin but most of the other symptoms at oot
assoointed can probably be attributed to the qeueml 'lﬁ:}?. or W
is of course no wmtiological association between ’ famine ,,-f{n}m)
odema 88 1t 18 sometimen called and epldemio dropay (d ;l  rsehmes
Hypoprotememia may otour n late pregnsncy 2o i T Jo 1o
asrociated With AnETma, 1 OCTUTs 1D WoODSD OR & (ii:t w gle,nt to meet
protein and although well above the 30-gramme level is insuff i
onal demands
the a\c}?éaumm A defiaency —This wauld appear to ?ethonlaa :rf:ehgntnle
common defeots in tropical diets partly on account gnh eclmlml delects
and it 1a surpnmng that Lhm{yzzrehr]:oz :}:_;ﬁntd;nn e nown ,?n,
o thiy deficien: 1tam factor
ﬁf&mﬂhmt vitamin und?t was thought to bo an ymportent {a
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proven minor respiratory infection |, although the ease has never been
very nttnisg!'nctonly proved it 18 gcncmlfy aceepted that 1t is an 1mportant
diefary factor for maintalnmg general health especnlly in children  The
vitemln A deficiencics most commonly encountered in the tropies nm[ﬁght
blindness, xerqphthalma phrynederma and poambly certain types of stone
in.tbe.hdncv Some of the eyc conditions hitherto attributed to vitamin A
deficlency have recently been shown to nd better to riboflavin than to
vitamin A admmnistration, it kcems possible that the action is rynergistic
and that both should be prven

Night blindness —The aseociation of might blindness and vitamimn A
deficlency 15 so wrll cstabluhed that light adaptation tests with an
apparatus known ar a biophotometer are c‘mplc?cd as one of the standard
methods of testing for vitamin A defictenry  Inability to sco at all 1o &
dm hght is o common defeet in poor m]{:lu(lom in the tropies the cond!
tion is often aswoeinted with other vitamin A deficlencics and with anemia
producimg di<cascx ¢ g hookworm ditenso and malaria  This fact led the
wTiter to belicvo that this deficieney was an wmtiological factor in certain
t of anemia s belief that he was never ablo to establish  Bright sun
lﬁ?nlw plays & part in production of night blindness g;c p 46)

Xerophthalmia.—This condition of dryness of conjunrtrvn is
indieated in its carliest stages bv the appearance of Bitots ts white
exudative plaques or apots it may lend to keratomalacla eofteing ond
ulceration of comnea eratomalacin 15 one of the commonest causes of
blindness in rome tropical countrier eg southern Indin

Phrynoderma —Nicholls (1033) in Ceylon Locwenthal (1933) in
East Afriea and Frasier and Hu (1834) m China reported a follicular
hyperkeratosia particularly on the extensor surfaces of the arms and 1
whith they areocinted mith Witamin A definiency  Nicholls gave the ton
tion the name phrynoderma on account of the mmilanty of the condition
to toad s ekin which 15 & very apt companson The condition 13 very
common amongst children m several parts of India

Renal calculi —MeCarnson produced renal caleull m rats by feeding
inem on a dict deficient 1n vitanun A and has bugﬁmtcd that the urna:
Li%mm that Is common m some parts of India might be due to vitamin

clency

Prevention and treatment —All thete conditions can be prevented by
increasing the ntake of articles meh in vitamin A thets are leafy
vegetables (eg spmach eabbage celery amaranth leaves and conander
leaves) carrots fruits (particularly mango and papaya) Lver eggs
and butter 1cgetable oils contain no vitamun A with the exception of
red palm ofl which containe large amounts of provitanun A or carotene
vhich 18 converted 1mnto vitamin A 1 the body

Medicmmally the best substance to give 12 hahbut liver ol es thiy
contams very 1 amounts of vitamin A une drop contmina several
thousand units (LU) Cod liver o1l is also rich m thus vitamin but has to
be taken in shghtly larger dores a drachm and a half will provide an
adequate daily deore of vitamin A. The latter o1l although not so neh
1o vitamin A, contains large amounts of vitamin D and has other nutnitional
qualities, which make it prefernble  Dunng the war the cod liver oul hay
been diffeult to obtain and several Fubstitutes have been tried shark hver
oil has proved very eatiefactory Many comimcreial concentrates are also
available. The normal daily requirements of vitamin A probably do not
@eced 5000 1U  but at least 20,000 IU el uld be the aim in treatment
and sven then may be slow

Vitamio B defidency —This vitamin has recently bLecome a popular
Panaeca and i at present gro~ v abu ed by the over-enthu astie but it
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does certainly appear to have & beneflcial effect m & largs varjet
tione ¢g 1n the polyneuntis of aleoholism pregnancy and m&l't; °,fnd°°‘f’g,
In cases of neurltis of doubtful ongm in cardiae failure &f obseure
with hYPEﬂrOphg in edems snd in anorexia and function drmardery of
Intestinal tract de to lack of tone As the diets of rice-eating peaple are
very hable to be deficient 1n this vitemin 1t 18 probable that many of the
conditions, of the nature of those mentioned above from whioh they may
suffer oan to some extent be atiributed to vitamm B, deficlency but the
only defimto syndrome sssociated with this defislency is ber1 beri thu
disense will bo disoussed separately The prevention and trestment of this
deflozency will be discussed under B prmr

Vitamin B,-complex defiaency —This is a common deficlency in the
tropics  Muany fractions of this vitamin have been identified The quanti-
tative occurrence of each fraction has not been so tharoughly worked ogt as
m the case of other vitamins but as a g::neml rule liver brewer's yeas,
certain green vegetables pulses meat fish and poultry are the richest
soyrces  Vitamm B, complex occurs in large amounts in dried brewer's or
n autolysed yeast, and these are the best medicinal sources, It will be
beat to conmder the effests of these different fractions separately

Nicotinie acld or niacdn defiolenoy is an important even if noi the
majn factor mn the etiology of pellagra (vide infra) it also plays somo part
1 the production of non-specific gastro-intestinal disturbances ey epruoe
(quod 1ide) and tonc psychoses and encephalopathy As our expenents
widens, it will probably be found that thers are many other minor health
defects especially skin conditions commonly encountered mn the tropies
which can be attmbuted to nisom defleiency

Ruboflavin —Evidence of the deficiency of this fractson is much more
frequently encountered than that of niacin the man clinseal evidence of
asiboflavinosts 18 gloasitis chetloas, angular stamatitis and certain &y®
changes namely congestion of the sclern vascularzation and héer
uleeration of the cornes and blepharospasm, associsted with ph hf
visual fatigue dmme;: of viston a burning sensation and s f o
roughness of the eyel

gthilmm is supey;ﬁcm denudetion and redness et the line of %‘g
the lips, maceration flssuring and & yellowish erust formation at the g
of the mouth sebarrhaic dermatitis eround the alp nes and just e
the nose at the canthy of the eyes and on the ears and deep ma il
ooloration and fissuring of the tongue and swelling and fisttening o P
papills, or the tongue may show oval ar areas of d;‘tgu'm"
with atrophic centres and rmised pinkish edges Theoemndb pi¥]
are assooisted with soreness and of the tongue an Ft'}slm‘l
dysphagia The subjective eye symptoms often precede the glo:]hons o
angular stomatitis but 1t ma benecemarymnsklmdingg“
e b o s Ty aseatensy sibe o e oo 8 o 16 mill
unmediate nse to parentersl riboflavin in doses from o0 Geaite
grammea ;Tuﬁﬁomllerdoage egfium,zmt!ﬂ?mr;pcnmh

1t takey several days to become fully "

ut The poattion of pyridoxin (vitamin B,) in buman metnboi;lh:‘ltl’i' no
yet fully u.ndmtood] ut certain nervous aymptoms i“"l"'dmzud cherlosis
Insomnia and muscular weokness ngidity and pamful 'ﬁm‘ and
in pellagra pattents myasthema and musoular dystrop ' ¢ of pyridenn
certan garms of anemia have impm‘iid cu:athet E}deﬂt,mmtht{l: on AppesTs
B vitams

;no gol;;a:)rmlaopf:rtwm the metabolum ofmumhn'aled fatty t.d:]; eﬁ:ine?:l :;,’:
eugyested that its action may be similar in man and that 1

one of the causos of sprue.
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There are several other fractions meluded m the vitamin B, complex
tome of which have been identified eg pantothenic acld but the only
other common tropieal syndromo nstocinted with dcﬁcicncﬂ of vitamm B
complex 12 mlpmamxyuc anxmia the ovidenco that this is mzoclute(i
with witamin B, doficiency is dependint on epidemiological date and on
the therapeutic test that is to say the responso to the administration of
nutolysed yeast extracts {marmito or vegex) and other substanco rich in
this vitamin. It has been shown that the solated vitamine, thiamin (B,)
macm nboflavin  pantothenis acid and pyridoxm (B) have no cffect
on this econdition

Tropieal maerocytic anemia occurs in men nnd women Hving on a Kgor
diet 1 the former 1t is often nmasociated with pregnancy, and m both
scxes with chromo malarin ~ Although there is httYo oubt that deficien
abroluie or relative of some fraction—as y et unidentificd—of the vitamin
tcnmllux 11 an important wmtiologienl factor thero aro probably other
mutritional deficlencies ¢ ¢ protein or somo rpecifie amino-aeid concerned
;md c;ttbor factors Tho writer has suggested that it may be a conditioned

axie

Viumm C defiaency —Scurvy  (1nde wnfra) and sub-seurvy degrees
of vitamm-C defiereney  are common 1n tropieal countries particularly
amongst labour foree« worling awav from their home surroundings and
familiar fruits and vegetables and during times_of {amine

Scurvy 1s the only definite ditense associated with this deficiency but
10 many tropical conditions ¢ g anwcmins and intestinal disorders improve-
ment 15 delnyed unlest sufficient vitamm C 18 given

The prevention and treatment of this deflciency will be discuseed under
the hea of scurvy

Vitamin D deficency ~—Despite the fact that many tropical dietares
arc deficient 1 vitamin' D onlv under verv apecial cireumstances does
frank rickets oceur 1 the tropics as the hours of sunahme are many and
the majonty of people spend mueh of their time 1n the open air However
minor ds of richets do occur amongst the children of both natives of
the orthodax clastes who do not allow their chuldren sufficient freedom and
?égmwurnm who are too assiduous in protecting their children from

sun

There 15 an adult form of rickets which 18 common 1n northern Indian
towns n particular but which also occurs n other countries amongwt
women who ere kept dn purdeb esperially when thelr diet s defleient in
alaum.  This condition known as osteomalacia, is usually first noticed
when the woman 1 pregnant and her caleium 1s further depleted by the
inexorehle demands of the fetus There 1s softening and bending of the
bones particalarly those of the pelvin so that parturition becomes difficult
or even Impossible The first symptoma are gencral weakness and girdle
pains there may also be tetany The condition usually becomes worse
with each rucceeding pregnaney 1f the woman survives the earhier preg
nancies and no preventive mensure~ arc taken

Tho first preventive measure 1s education and the alteration of
unhygenie soc1al habits Otherwiso it conmsta in zeeing that all pregnant
women get a sufficiency of food rich in vitamin D ealelum and pho<phorus
end a regular perlod of exposuro to sunlight Treatment by appropriate
feeding and the gving of vitamin concentrates will be effeetive only if
"Wl zien {n the early stages before the bone deformities have become
established vitamin D oteurs in milk and butter (from pasture {ed enttle)
Iner and fieh liver of The Jast named are the nehe<t source  Cod or
thark liver ofl and the pure vitamun  esleiferol  or eome proprietary
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In the treatment of his own patients the doctor has o £pecial
1bility He should elways ensure that hs patient's diet is adequate E ol
the vitamumns, remacmbering that the requitements m the febnle condi-
tlons 1 particular may be above those of a normsl person  Ho ehould
ba spec cuutinuawhfnhupauatmmbshﬁngonami[kdm‘rhxh
13 almost devold of ascorbio sexd and won, and very low i niacn, and
when nutrition is mamtsined lnrgely by intravenous glucoss, m whoch
case thiamin will be an additional requirement.

Special problems such as that of rice and measures directed agamst
epecifio deflolencies are disoussed under the Appropriste deficiency diseases
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BERI BERI

Definition —Ben beri is  metabolie disorder characterised
eral neuropathy, myocardial weakness and frequently adema gﬂ%

In pereons on & diet deficient in vitamin B,

troj
m Indie and Afnen  The fimt references to the dmn%innltbs
th W]

appeared about the middle of the ninsteen reported
Hrmel and later in the West Indies. cenfury when ft s =
EPIDEMIOLOGY

Geographical distribution —The disease hes no geographieal dimrta
tions It was for many years locked upon sa a purely tropical diseme
but this was shown to be a wrong con-
ception by an outbreak in Newfound
land and snce then isolated cases have
been reported m nearly every country in
the world. Howover as at least 80 per
cent of ¢ases occur amongat rec-eql
people the distnbution of the dusease is
mainly tropieal  the ll_atﬁest number of
cases have been repo from China
Japan (an annugl average of 17,000
deaths betweon 1920-28) Indo-China
Siam  Malaya and the Dutel East
Indies the Philippines Indiz tropical
and South Afriea alto Branl and the
West Indies Small outbreaks have
ocourred pmongat the natives of West-
orn Austrolia in  Newfoundiand and
Labradar in Iceland and m institu
}’fm 173 Map o diztr{'\;uluug tions n the United St]f::d Great Bn
o. m sout m
and the number of cases of beri-beri wln&nFm !;Eg chgfueion has arisen
e Ay eroyd ot a1 Toi®) ™ through the popular practice (whih

1 1m10HlmateRO sometimes cncoUTR|
by medical writers) of rofei to epidemic dropay as berl ben but it 1
now generally accepted that the only arca wherp the berr beri assumes
eerious proportions is i the north cast coastal area of the Madras Presi
dc.ucE the Northern Circars (see figure 172) b

pidemic stacus —It 18 not a truly cpidemic diseaso (see p 325)

the appearanco of outbreaks that involve & large number of o8
in close contact and of course a]wag on the same diet give the mnbhnc;
of o eprdemic  Nor as far as 1s known is 1t mn any o“:iy dCP@dﬂ;'tge
local conditions except in so far as these affect the food supply o b
population. As noted above, it ocours mainly m mwﬁﬁm whose
staple food is milled rice. Tt hns alto appeared in et labour forees
amj)amonglt the 1nmates of institutions mmla.rﬁr fed, apd has d.hﬂsuﬂ o
when the diet bas been changed to under milled ree or some suttable
supplement has been added. OQutbreaks not assocated with mil .
have been reported amongst people who have lived for some tnne{l:w
monotonous diet with white flour as the staple substance eg m
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foundland where the diet was almost solely white bread and molas«es for
certain months of the year and in mnstitution  usually mental asylums
where winte bread was used It has al o occurred on shipa where shyn
In curte made from wihite flour and tinned food have been the prineipal
dret.

1t 13 a disease of towns rather than rural arese

Seasonal incidence —In moat places whero the disea ¢ occure there 18
eome searon during which 1t 1a moet prevalent but this is not by any
means the same seazon m different placee Much capital has been made
out of this seaconal mcidence by the champlons of different theories, who
can ueuallv find from the vared datan somc that suit thefr particular
theory  For cxample 1n tho Godavan delta (Southern India) the
mcldence of ben ber 1« high 1n September and low in January this no
doubt would be attributed to the stored rice becoming damp during the
monsoon by the supporters of the riee-infection or rice-toxin theories but
Avkrovd apd Knshnan (1841) find quite a different explanation namely
that when the rice is freshly harvested at the end of the year it 1 not
furtable for consumption unless 1t 1s first parboiled o that In this district
56 per cent of the rice eaten 1n January 1s parboiled whereas in September
the last year s crop is mature and can be eaten without previaus parboil
g and only G per eent of rico caten 1 this month {a parboiled
In nearly every case the seasonal incidence ean bo mmilarly explained n
tirms of the present theory of the mtiology of the discarg (1ide nfra}

Age sex and race inadence —In a mixed population the diseaze L
undoubtedly less common 1 children than m edults though it does occur
afmongst the former  There 18 also a form of infantilo beri ben that oceurs
in the breast fed infants of mothers with ber1 ber1  More men than women
arce affected but there 18 httle evidence of any truo sex preference except
that poe«ibly 1n the working labourer the caloric requiraments are greater
be will eat more rice his vitamm B requirements will be correspondingly
freater and he 1s therefore more likely to ehow cvidence of the deficiency

more probable explanation 14 however that there are usually more
teen than women in the type of population that 18 affected

There is little evidence that any one raeial type is more susceptible

D any other the fact that European perronnel of mstitutions escape the
direase when pative soldicrs or native inmatos suffer can of cours bt
explained on the differences in their dietary

AZTIOLOGY

disease which had been responmble for e ciness amonest ¢ leart 25 per eent
{ the naryn peronnel  ery year premows to 1831, had dimppeared” entirely
7 71850 sud tho tro mescedung years, Proforor EI
1 and ! o
bomfory in Batavia that had been ent blubed {  the smdy neberi,
rodneed. polyneurits in fowl by { eding them on polhed Hee and eured f
EL 1bem an aleohole straet of mﬁ:hbmm,. Hﬂdxdm:tmxmuug
the diease be lmd produced was true ber the inf
Prof ~or Grijpt wh rurceed d himoin H:il o
eame { the con huboa that Lenden xa due to thecoce of soma
meretiont from the focd. A 1 1t € llfDr:lml;nmmh”m (i
morker beri-ben wa § recly controtied 10 the Duteh amur and by ppy eppy vne
netitution In Ja a
M_“ -
P rthofling veathe t o Ihom DD
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grain jocted ta autoels at 18 C for an bor it would produes

pol tls iIn brds {n exactly nme

m that no living infacz:{ ?mmnﬁmeuhww
by Btrong and

ansurm, VWhenever the in & community" it bas been
poasible to ahow that the staple food was milled rice or same other
which 1 ita tion been deprived of the bulk of 1ts matural

vitamin B, alteration of the diet so that 1t meludes an adequate emowmt
.of this vitamin has always led to the disappearancs of the disease from
that commumty end administration of large doses of the vitamin will
always cause & diwsppearance ar ot least marked tmprovemmt 1 the
rpecifie aymptoms of individual sufferers
In a commumty in which thero 18 o low smtake of vitammn, the ndisd
usls most likely to suffer from beri ben will be those who take an
exceplionally amount of sarbohydrate, p t wnd lactatug women,
3 tadividuals and subjests with febrile disesses all of whow
normal requirementa of vitamin B, are moreased
dio instances of ber bers, if they cannot be ed on the
grounds of actunl defimency of vitammn B in the food taken as 1o the
case of long-contmued die restriction ot of chronie alcoholwm when
the appefite is dulled end alcohol itself actmg ss ume carbobydrate
provides & large proportian of the eslories can bo traved to m.uhbwﬂﬁﬁ
or faulty storsge snd utihzation as for mmtgie in ae
chronje digestive disorders or in cirrhoms and other dmeases of the hver
these are sometumes referred fo as secondary ber. o Jte
Thus to summarse the causes of this diseaze are (o) abwliis
defictency of vitamin B, in the dist (b) a defimency relative fo the 'i-"“;’d
requirements of the ndividual, (¢) failure of ahsorption of vitamin B 2
(d) iiailu:re of utntr!ngcl:ndedummmmu by workers who atill bsve 8 )unin?
% 18 frequently claim workers who 8!
towards mr;?e of Sihe earlier dizcnni'ed theories that the dcﬂd%’;g
vitamm B, 1s not the whole story of the wtiology of berk.
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of courre very probable onc mught almost say quite certam as what
single wtiologeal factor 1s the whole story of any discaso ¥ In an infectious
di_case thero 1s always the seed and the eoll to be considered aimilarly in
an mduced metabolic dysfunetion both the patients provious metabolic
stato and ruperimpozed infections may well help to determine morbldity
Further 1t is probable that if one witamin is defieient others will aleo be
deficlent and thess other deficiencies ey eontnbuto to the climieal pleture.
And laving decided that it is purdy nn avitaminous do we know how a
deficieney produces a diseaze, and can wo entirely diseard the possibility
that this vitamin and perhaps otlier vitamine act b{ counteracting the
effect of romo noxrous product of metabolism? In fact, infantile beri
ben (11de nfra) that occurs amongst suckling nfants of mothers with
bent bent provides some cvidence that thu may be the case

Viamin B, requirements —Tho figure usually mven is 330 to 680
nternational units (I ) or I to 2 mihgrammes The higher figure will in
clude such specinl clarzes as pregnant and lnctating women However 1t
har recently been shown that the vitamin B requiraments vary according
to the earbohydrate ntale and 1t 18 now usunl to express the vitamin B

ents In terms of the calone miake it is mg%eatcd that the lowest
safe amount 18 023 LU per enlone (Williams and Bpies 1838) which in
the average man will be above the maximum indicated above However
whén most of the enlones are from carbohydrates thia figure will not be
too high. Fat spares vitamm B, and when the latter is deficient the
body fat 1s drawn upon to reduce earbohydrate metabolism to & minmum
when this vitamin 1s cxhausted carbohydrate metabolism increnses and

ptoms of ben ben zoon appear It usually takes three months on s

eficient diet before the vitamin B, reserves in the body are exhausted and
the full syndrome 1x cstablished although m human experiments Williams
and others (1943) showed that on a dally diet of 2,000 calories and 0.35
me. of vitamm B (= about 006 I U per calone) the carliest svmptoms
appeared 1n 30 dava

The work of Mills (1841) with rats suggests that tropieal conditions
may increase the requiremnents of vitamin B This 1s mteresting 1n view
of the fact that ber ber 18 mare common in tropical countries but it
thould be confirmed with other animal epecies and by human experiments
in view of the ccmtradlctogy fact that tropical heat reduces basal metabolism

Sources of vitamin B —The best eources of this vitamin are pork
whole-gram cereals and thewr produets beans and pens yeast and lLiver
Although milk meat other than pork and {rmt do not contain muech
vitamm B, it 1 present m emall quantities 1n mest patural foodstuffa.
It T however often distarded or destroyed i the preparation of these
for consumption eg m the milling nee and other cereals in cooking and
m canning It is destroyed by heating to 130 C m one hour jt however
wrgundn bollmg in oan acld medium but 13 destroyed in an alkaline
mH um.

Recent work (Najjar and Holt 1843) suggests that in eertain cwreum
stances thiamin may be synthesized in the humap intestinal eanal. The
mplicattona of this observation are very great and although it is not elear
what determines the syntbests it eeems hkely that the nature of the staple
diet, or of other non vitamm di factors may have eome influence

For further detalls regarding the source of vitemin the reader is
referred to the tables and the dircurion on nice in the premous chapter

PATHOLOGY

Morbid anatomy —The whole body i» wasted and all subeutaneous fat
has duappeared  t may be mashed by codema. There may be
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genershzed edema with fwid in the sero

neceasarily due to cardinc failure as 1t &?‘3&& gh;s pemdmm i
compatent heart, but to a breakdown 1 the mechansm ot 1
interchange of flnids and maintains the watereﬁa.l (et controls the
1s more marked in the more acute cames The e of ttlﬁ"’ huupbmes n_]
;H!;!;pl;% deg\zgom%ig'a rather than mﬁammntaryﬁw tae w?or%e:mnm

pria e nerves of the ] are first affected

sciatics and their branches, then thoss of th " e
the oranial nerves and the sympathetic sya?‘.c‘:n.pper’l‘hhgﬂ;u:v{’e Ixel:‘icm e
in therr extent aceordmg to the sevenity and duration of the aﬂecﬁgm g]nry
may be barely detectablo microscopic lesions degeneration of thcum eﬁ
:l;eathfczxﬁly the axs cylinders remaming mtaot or with deganmunsl; of
nelll_lveeo e axis cylinders or complete degeneration and death of the whale

As well a8 the peripheral nerves scattered fi
the anterior and %osterior horns and the sym tll::z:m tﬁm@guﬁg
The muscles supplied by the aflected nerves nﬁ’:w atrophic ¢ There
18 h‘{gperf.mphy and dilatation particularly of the rght mde of the heart
gd dec;ltlﬁt)amn may bo sudden and 1s often associated with heart farlore

Microscopically the most strikmg feature ;s intercellular eedems.
There 18 also fragmentation, fatty and hydropic degenerstion and rarely
necross of the cells. (The heart fallure 1 due to this water retention
with it effect on the cells of the myocardium more than to vagal neuropathy
but it is possible that both factors operate)

Biochemistry —Vitamin B, 1s absorbed 1n both tho small and the large
wtestine It 11 atored In the liver and Kidneys but 1t s also fonnd m
other organs and tissues It 1s excreted in the unne, and the amoumt
axereted 18 & good indieation of the vitamin B, stats of the organbm in
health the avernge daily excretion 1n an adult 18 20 to 30 LU bemg hugher
m men and this may fall as low as 35 LU in berl bern  The vitamm-B
content of tho blootl 1n the normal persons 9 == 2y, or sbout 2 to 41U per
100 e.cm. of blood the blood content fs not a good indication of saturation
as 1t may be normal m bent beri Al evidence to show that vitamm B,
acts a5 & co-cnzyme mn the metabohsm of carbohydrate, and controls the
axidation of some intermediate product It 1s cerfain that the vitamm
requirements vary according to the carbohydrate intake. 1t 18 suggest
that this intermediato product 1 (at least mn the case of some carbohydrates

eg nce) of a toxic nature.

Tt has been found that the pyruvic acid m the blood and body tissues
varies mversely with the vitamin B, ntake The normal level of pyruvic
actd m the blood 15 0.5 to 10 mg per 100 grammes 1t rises conmderably 10
acute cases of ber ber1 but 1s restored to normel by vitamm B admmistra
tion  In moro chronls oases 1t may be demonstrably increased. A sharp
and prolonged rise in the blood pyruvic acid after intravenous glucose
e tutes a usefal test for vitamin B, deficlency il

The anne —This will not show any charnctermstic changes. It e
be scanty and thero may be anuna during the severe cardiac attacks o
reszmption of the flow there will be a heavy cloud of albumin and gran
casts  The vitamin B content has been discussed above

The blood pictare —Thero mi:fetcdud:;ﬁmnrked Rﬂcm anemmn.
Although this may be due to associat ciencies the
canes glwhmh the ansma sppeared to respond specifieally fDm
chlorido mjections Tho lymphooytes are reduced and o the infan

form, small lymphocytes may be absent.
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SYMPTOMATOLOGY

Introduction —The berl ber: eyndrome iz a clear-eut one, quite distinet
from any other recognized syndromo but nevertheless as in almost any
disease there are distmet elmieal tvpes the distmetion belng due to the
predominance of different symptoms which in turn are dependent to zome
extent on the speed of onect of the dvafunction In most outbreaks all
tvpes will be represented but frequently one type will predominate and
mve the outbrenk 1ts special charneter  This fact has led Vedder to believe
that there aro two fractione 1n vitamm B cither of which may be defierent
(1nde supra) although this 13 a poruble explanation it 13 not entirely
neceerars 1n order to fit the facts

The three main types described are (a) the acute fulminating cardiac
form (b) the lems acute wdematou or wet form and (¢) the mmore
chrome polvncuropathic or diy form The acute fulminating form is
usually fatal, but if the patient recovers from the wet form he may pass mto
the chrome form. There will of courre be obvious cares of ber: beri that
will defy accurate classification

It is amually about threc months after the diet has become deficient
m vitamin B ttmt the first symptoms appear 1f the deficlency has heen
verv_complete, the time may shorter

The fulminaung form —After perhaps ¢ {few days of prodromal
rvmptom. such as anorexia gastro-intestmal disturbances easy fatigu
ability or in some cases without anv warnmg the patient becomes breath
lees and cyanoeed he complame of severe c'ﬂlgmtriu or substernal pain
and often vomit  he may aleo suffer from aphonia (the result of pressure
by the right auriele on the recurrent laryngeal nerve)  His heart is greatly
dilated the veins m the nech stand out and the liver becomes 1. tender
and puleating The syztolic blood pressure is usually low: and the
diastolie very low indeed The patient dies suddenly within a day or so
of the firet onset of s?mptmm with acute errculatory collapae

The adematons form —In thi form the onset 15 & lhittle more gradual
after a ehort but defimte period of 1ll health often with gnstro-intestinal
symptoms there 1s a gradual oneet of wdema with tirednesy and shortnexs
of breath on exertion The cedema at first only in the extremit
gradually extends until it mvolves the trunk eventually there 13 gen
anasarca, There are usually some svmptoms of peripheral neuropathy but
es the ather svmptom. confine the patient to his bed thev are ca 1ly over
looked wasting 1. marked by the cedema

Tho heart 19 usually dilated the apex beat 13 diffu.e and fluttering the
pulse ia eoft and rapid the vewns in the neck are prominent the liver is
enlarged and tender and the pleural cavities fill vath fluid but usually the
lungs ranein elear until a terminal cedema develops The bloed
{alls ar in the acute form with the relaxation of the penipheral tension an
mjection of adrenalin further lowers the diastolie blood pressure almost to
zero but pitresmin enuses a rise 1 blood pressure that 19 maintained for
an hour or 0 The electrocardiogram may ehow night any deviation and
flattening of the T waves aleo prolongution of the Q T interval and a
low QRS complex.

chronic polynenropathic form —The onset of thy type 1 far

more gradual and for some woeks the patient may struggle on with his
work, complainmg of loss of welight weakness afight breathlessness on
exertion headache and vague pﬂﬁL stiffnees and ness of the lege
The only objective rymgtom mav be tachveardia. The condition inereasea
and he becomes less able to earry on hix work. He now complaln of
numbness and & burning sensation of the feet na well as stiffnecs of the legr
and Le finds difficulty in rsing from & smitting posture the ealf muscles are
tender on pressure and arear of hyprresthesia appear which Iater become
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anmsthetse kmee jorks which were at first slightly exaggerat
appear and 80 do the ankle jerks The geglg]mty; chamte:ghzozg
high steppmg gest appears  The condition then spreads to the upper lunbs
there 18 wrist-drop wasting of the hands and farearms, and meo-ordmatioa
of the movements of the hand so that the patient drops thmgs easily and
18 unable to piok up amall objects Chvostek s mgo (gsly)rlllary tremors of
the ruscles on bemng tapped) may be present.

The muscles of the limbs become wasted and show the typrcal reaction
of degeneration The patient gradually b ted, helpless and
bedridden  The sphincters are usually unimpaired and tho mental condi-
tion remains clear There 18 usually constipation indigestion and some
inerease of cardinc symptoms otherwise the condition of the patient
remaina good but he may die of hypostatic pnewmoma or some other
compheation,

Irrevermble changes take place in the nerves contractures occur m
irmbs and even if he lives, the patient becomes wrreparably crippled.
ted Spond;c or condmor]u;i ;:Je;lndbc?; ~—The ben: ber: that t;lvcu;u 11;;1 ﬁ

pulations m specia’ uals e.g { women, alcoho
(vulzompra) usually takes the chrome penﬁeml neuropathy form, bzt
with recognisable cardiac signs and symptoms, and quite often a varety of
other symptoms sy, ive of neurasthenin However acute carcie atiacks
have report
Sub-clinical bent ber1 —Positive svidence of & fact already assumed by
many workers xmmel{' that m a population in which there are many eases
of ber: ber1 there will be many other persons on the threshold of chneal
avitaminoms 19 rapidly accumulating now that bloohemical tests for this
vitamin are withm the scope of the medical investigator—even if not li:
the ardinary practismg physician and there are sevaral relatively simpl
olmical tests (11ds tnfra) Although these minor degrees of B aw o
may be classed as sub-chimieal if the person 18 examuned and queaﬁoutb_
carefully some of the minor mgns and eymptoms eg tachycardia bre}:nd
lessness on exertion, anorexia stiffness and vague pamns
mwetability and mental depression may be eloited.

DIAGNOSIS

This can be considered under a number of headmgs —

() The patient s environment diet and habits

(b) The olmical picture.

(o) Clumeal tests mcludmg the therapeutic test.

10chemioca) tests

i?tﬂ?further need be said about (a) and (b) 1Itis uuh.kelvdtlfl:ﬁ g
outhreak of edems or neurtis 1 a poorly fed population wof ol
arouse ones suspicion but sporadic cases very often will in fa i
is evidence that until a few years ago the ma ority of m;i“ﬂ:?en e
wrongly diagnosed The conditions for which they may be
ww(ce)mdo?a]ﬂz:dmal tests, the most valuable 18 the therapeutic test b“:
t 18 very hable to be musleading in that in so many con

mudesdmg

yoided the word second beeause he conmdery i 4

m.&:‘&:mmg it il be”dro pﬂ;ﬁ wexcmely probatle "':&
outbreek of ben-berd in o F}m B e, wh

:o’rbkﬂzudatumtmdhymnmduyhdahmﬂymmpm

malars, bls
it be thypertg?mb‘lum llebﬂhl.?!gtbn.t:'m 4 be umrseson
ol mmmahhﬁmxllunwwlﬂ"dm

f s
lnooundcr-uuhuuu
amocisted with pregrancy
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B avitaminosis may bo superimposed on rome other condition so that
immediate improvement on administration of thismin chloride does not
nde tho whole answer conversoly whero thero aro other defielencies
E:i‘dcs thoso of vitamin B, tho slowness of the improvement after the
admint tration of the pure vitamin docs not altogether exclude ben berd

However a fow doees {(ten mav be considered the maximum) or even
o ringle dose of 10 milhzmmmes mven intrnvenoualy  will often preduce
dramato mmprovement In the leading symptoms  This applics specially
to the cardiao condition in the polymeuropathie form the improvement
will be elower and in advanced cares of nerve degencration there will bo
none,

Other tests for vitamin B, saturation have been suggested In a case
of deficiency adrenalin will eause a further sharp fell often to sero 1n the
already low diastolio blood préssure or as a variation the rusc—if ne
there m svetolic blood preesure after the administration of adrenalin
w1l be greater if a largo doze of thiamuin chloride has been given previously
Another test 1= aseociated with the diuretie effect of thiamin 1n the deficient
indimdual this 15 considerable. Finally the eirculation time which is
uruallv prolonged in eardiae failure 1s normal or decreased in beri ber.

{d) Of the brochemical tes3 the best Indicntion 19 obtamed from the
exeretion of vitamm B 1n the unne the average dally excretion in & normal
Fﬁmnisfmm?ﬂto(ioIU nndtnupaﬁmbwi{hbenberlubout:i.ﬁ

U but both figures are subject to conmderable mdividual variation. After
& tert dose of t at least 28 per cent 18 excreted in the urine within
24 hours if the patient 18 saturated if he 15 deflcient the figure is much
below this  Neither test ean be conmdered a practical one, but it is
probable that easier and more satisfactory tests will be d

Differential dtagnosis.—The neuropathies have to be distinguished from
those of areenic lead, triorthocresyl phosphate ( jake’) and other poisons
from diphthentie paralysis from rheumatism and various myopathies from
tabes dorsalis lathyriem and other brain and cord aﬂ'ectgns and from
KoreakofT’s syndrome and other neurasthemias. Alechohc neuntis 19 not
included here as it meems probable that B avitaminosis plavs an impor
tant part in this syndrome.

The cedema has to be distinguished from that of kidney and ergame
heart disease from famine edema and epidemie dropsy from ankylosto-
mians and other helminthio infections and from many other diseases 1n
which there 1s debility malnutrition, and ansemia.

In most of these condrtions if the ease 13 & typical one there are one
or more characterstic signs or symptoms that will differentiate them

;hur}]:ely from beri bern enumeration of thero does not seem to be called
or e

PREVENTION
This can of eourse be summed up 1n the le sentence increase the
mtake of food rich 1n vitamin B There is however more to be said
on the matter than this. Let us first take the sporadic eare this wsually
presents little difficulty In conditions such as pregnaney hy})erﬂ\ymld.wm
1t is advieable to recommend the taking of extract of veast or rice
polislungs or some medieinal form of vitamin B* as well as food rich in this
vitamin (inde supra) This aleo applies t:nmu put on to a restricted
dietary for any rearon In gastritis or pe vomiting, it is advisable
to give the prophylactic thiamin chloride parenterally
The real blem is the prevention of beri beri in large and poor
E(;E:Iaﬂnnn e general problem of the prevention of malnutrition ha
discussed in the previous chapter and it has been mupgested that
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the way lies through .mfaro\ement of economic atatus and education, b

cre are certam apecial problems connected with this disese. As wa
noted above over 90 cent of ber1 ber1 occurs amongst rice-eatimy
people  The whole edible portion of the rice grain containa quite sufficien
vitemin B, to ensure the proper metabolism of the whole grain, whe
the gram is molled n the raw state, much of the vitamin is lost, and whe
1t 18 washed and eooked and the water dlmrdadhmore of the alreads
depleted vitamin 1s wasted. Parboil prior to husking saves most of th
vitamin, If therefore people will parboyl therr rice home-pound 1
mstead of allowing it to be overmilled olean 1t—if this 1s necessary—h
the dry state cook it with the mummum of water and utihze any rie
water 1n their food, beri ber1 will not ceeur In populations where miflmy
has been established for some time there aro many practical dificultie
m anstituting thig 1deal procedure which are dealt with above (see p 717
where also a compromised procedure of luniting the degres of milliag i
discussed,

The rame problem has to be faced m the case of other cereals the care
of white flour which 18 also deficlent mn vitamm B, but which for msthetr
and other reasons 1s often preferred has been met in somo countries by
‘fortifying  the white loaf by the addition of synthetic thiamin chloride

TREATMENT

The treatment ¢an be contidered under three headmgn speaifie dietetre,
and symptomatic It may be argued that the specific and the d}dmk:
treatment cannot strietly g be s6] ted, but as m many eﬂ]’?iiet
will be advissble ta gire chloride In addition to any specia e
that 15 recommended as it 18 very often n parenterally a» lth -
chemiea] compound made synthetically 1 the laboratory and as lt} b
dramatic m 1ts action as any specfic 1t weems to the writer smpler
copsider it as a e dry,

Spmﬁc.——Itag?.lcl naturvi’ly not bo possible to give thuamin chionde t]g
every member of a large commumty 1 which the majonty of ig:e pehc»-rp%e
are suffering from esther frank or aub-clmnical ben beri nm-nk s B

ercentage of the cases would it be necessary but i all frm ;liuu
ber1 thiamm chloride should be glven n large doses ao,imxdjeuh'
ble for one can seldom be certsmn that the condition Wmobntah:ed it

me acute It has been shown that the best results are e g
generous doses are given and for an adult a dsily dose of at ‘: X
should be given, either wtramuscularly or intravenously {Rf 92
a fortmght after this the doss cap be reduced conmderably o) —
dried brewer’s yeast (G ounces) or marmite (2 ounces

Sen { {hiamin chlonde daly
th Infants can be given 3 mg. o
‘g‘zqvtzn“ et;noilin fact 1t 18 very doubtful if there is any hun to the dosage.

In acute cardiac cases doses of over woﬁx]ng é&z?ﬁn&mmﬁ i
the wnter believes that 25 mg 18 nbputhh;ig]a o eported. so that

Io, t of senmtivity to thiamin c g o
?]:EV:B l;f]‘:‘;}l be danger in intermuttent E‘aren(eml tret'\ant;nfgt.be’l'h =
should not be apaced too widely and tmtmentm o T e
after an interval a small test dose should be mmwith e et s
to be asmd for combining the parentml t.h!nm1 ‘:.lhost ofythe e
the latter contams other vitamins particuluf'
complex group that are probably also In defie Ld \ fext. because of 1t
retetic.—Rice should b;mcx:iudegegtgc tgfn ¢ ‘;:v. s ey ihat mc;
*0 1
;ﬂu:t:rbg’:oyg\ﬁt‘: ?fntgctmbolum of the nee carbohydrates mav
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epeenlis trae Th poae a1 b o= to a dict compoed of
sbdanees low m erbolvdm w4 b m 1 mnB centent sach o
exz volk Iver patk e 10 1 pr b - oA parsmp i hes
nuat and saya bear Lie~ milk ~te 1 1 tre 1 oor other whole-

gram cereal and anv sub-tares ¢ b I a1 o th he normally ineludes
mh dief mav I adcier iy T L Loy tally be may be allowed
taretom to i mee diet bo 1 beun! il 1 nd parboed and
the additien nf vitamin B ermt 1miaz «’m o~ ¢ hoill e recommended

Symptomatic —In th vewe er U e1 the § tient mu t be eon
fined to mt en s bt 093 i vith b fwl intake reduced to
& motmam anl peq rally trea el & aon hiral emorgeney Precordial
pam milhc rcieved by apfvine Ieek er 1 may be neees arv to let

adntle bloed hut £ ¢t Hland pert e 1 uonmlle b 11 heuld be
woded if pos bl Flulantd poarale.att tla mun b mbarra g
tbe heart ehould be rrmos 1 A alin par tim¢ houlibe pren Intra
venous thismin g Iarpe doeme @ reronm o n 1 abeve vl u nalls produee
drreets reduce the ood ma and vl ve th Loart o oaf aninn ontinues
@t of tht merewmal drurrtie eg alvrgan mav b 1o b orearted to

Dicttalis and cardia timlant are v uallv of hitl  lu but stiophanthus
has & reputation for berg- partielarly u cful 1n tu nbtion  Oxygen
B eontinuou Iv and p opeelv @il wuallv £ h o the patient
Little can e done to rehieve the n urapatly by nl the wpeafic and
dretetic treatment but ma age and electnn sl treatn 1t 3l b 1p to mam
tam the tone of the muee!  until the nerves recover It n ¥ be ad wsable
o ue eplhnt to prvent vn t and font-drop
b Prognosty —In fulminant ease  cxther alule er u e et
usually hopele-  in amv esse 1n which there are eardiac svn oL 118
mmediate and (fefent treatm ot may save the put 1 and m
EeYere nuropathue ea cx permanent i ability mas result o4 o the
‘rmal’" cast vhen onlv a fow nerve fibres have degenerated. swiable
tment wall lead o complete recovery
acate cardiae attack 1n sporadic ben ben where there 18 no
d of long-continued itamin B starvation  there is often =
Ue Te<pen ¢ to larpe parenteral do-e- of thiamm

lI INFANTILE BERI BERI N dale

0t of the evidence suggeste that thn diease 1 the eame 88 &

n but there are tptcgiﬁl epidemiologieal and clmieal f::lr ot
¢ ft more ronventent to dicuss the mfantle formui:p:n lcmn on a

Mi!;drmwhgy —It occurs 1n the infants m ‘ml;:’f‘m :‘;‘:t}, (he:re are

n vitamin B eontent and usualiv neidence 12 I the recind

pl

90 oercurs 1 o, ot fed, or €%
ant that 1y brea
e e uhual o 1 be o 10 BT S
1 ber1 but they mav sbow po elmeal o3 008 B L8 ouniner sub-
etd that the partieularly hih infantde morld "; { infactie ben
™10 bery Loy enp pe atinbuted ta the b B Aot P RS T
wn, D attnbu asired 1v Avknd are ’n_.q.:;
1e11a) =t hnmrntly been urves e AN rtll\*n lC‘x;ru'\:lxrnﬂ
o A [ s ecarmned Dmb:'n bert areas 3o eoutbern l:“n Az, e\'c
1t i one of the worst fantile death rate ru:rrga thy ard cler
Yerrber, dllg}]e peak oﬂi;th.e ’3‘,:1 wt Qe hoomat t fum e
LRI
"*2d o the mxth months poo! ©f 1 meht La the mINt v o the
. tiology —There nre l:"";pnl cr oallw fr tfe I~ rals of
both pomnt ot the
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down 1nto ribaflavin nieotinio acd afterwards ealled naen_ete (see p "2{) and
Elvehjem demomstrated that nistln would cure pellagrm It has been

bymmywnrkmthtlnmmautbe-dmmmn&;ofnﬁ will
way

a
complete cure of in a very short tume Nua synthegdeed 1y
1870, and was isolated from riee polishings by Funk m 1911 but discarded
hunbea.zmztdxdmtmmbed-%‘u v " o™ i

the end of the story of the whology of pellagrs which
many psople sti]] believe fo be an oosolved problem buforam
uhuundntod.nyurﬂlbeuwdltumnmthauﬂumtbmnaththn

T ¢ nfection theory—It h of that b certeln

y D e maze trfeciion ~It hay n t ary
maire iy, or after defectrvo storing in dmpb::ondl“m'bemmﬂ,
prodnmtbadmmwmawbawwmmeﬂbndl%orludhd}yby
mterfenng with absorption or by eausmg decompoxition. the diseass
A mipldammfurmnmmptmheuten,lndﬁthouh)
l!mednmntroum(mdim the storge of maite have apparently
the meidence in the past, disoase is never tranemitied to persons on a good
dl‘.et.nndrth'he;ohlfttla if any experimental support for this theary

tan defiosncy ~ 1l o
pellagre-produ diets are low In profein content. Afaire has a low peof

the higlogical valne of the protem

Emtamcum wﬂhothermh,md,mu o] ol raloe ol %

extract ‘curos nncomplicated pellagra, even m patients who are

left Eumg.buu- ov.harr;md}ypuﬂ:m-;rnodu x dist. More recent work, rda"r{cd to

sbove hay identified nwein an the spedfie PPf{r&mﬂ, end ﬁha grntherised tamin

lpOdﬂ D‘loﬂll 0, lP‘Dﬂmm

'mf‘?:ﬂmﬁmy ofnf.‘;u rt huobeon”m cbtaived from enrmal ; t Dop fed

produeing dft develop & condition known xs ﬁ& mL

condiion deary up rapldly when ntmﬁnhll%, eomplle"xhl:. wdded o A
in considersd to be analogoos to pelixgrs in man L mbhckm

to ninem, bet
pparently not to tho human disease does not respond
:mpmu:lyvhen vltam 1w given ati
The present position —This can best bo siated by firet enum

4 established facts — eare
suma(g) N'faom m smiable doses will effect mrsflete {nsmil‘kqmm
1n most eazes of pellagrs but of course the condition y fo return
unless the patient changes hus det « the condstion of the patient

enses, will 1mprov.
and c(:z.e'alhnmoﬁk; leuwnnml?l‘::nwiﬂ effect Little change In other symaptoms

vitamin fractions
far therr eure the admmstration of other pox |
:vgmrl:b;?a“vﬁ fg: the cherloms and glomits and thiammn for the periph

neuropathy
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(¢) In yet other cascs of apparently typical pellagra nisem has no
beneficial ef?vea at all some of these patients respond to liver extract but
others are totally refractory

{d) Analvm of foods for their nincin content has brought to light
many anomalies eg Aykroyd and Swaminathan (1940) have shown that
the rice dict taken by many millions of people in India is a much poorer
gource of macin than the maite dict of certain pellagnns However some
workere question whetlier at present  ehemieal methods of estimating niacn
in foodstuffe are suffieiently accurato to baso any important conclusions on
euch estunations.

Now observations {a) (b) and to somo extent (¢) eould be explained
on the ground that the pellagra syndrome 18 caused by multiple deflciencies
and that eupp! of the most urgent neced may he suffictent to balange
the metaboliem of the whole body  or it may not in which case other
vitamins are required

Tho complete explanation of (¢) does not scem posmble on known
facts and necessitates introducing a more hlrpotheticul explanation it has
been cd that there 19 an intrin.ic and an extrinsic factor, the Iatter
being niscin and the former not of course tho same as the intrinme factor
deficient mr{\)cmloiou.u anremin but elosely related to it, for all pellagrins
tlow achlorhydna or hvpochlorhvdre There is certamly evidence that
the indridual make-up of the patient eg his endoorine balance, deter
mmes to some extent the onset of pellagra m one person and not in ancther
on a similar diet and probably aleo the reaponse to treatment. Cases have
been reported which ed the cxistence of antagonistic action between
thiamin and the PP factor {Lehmann and Nielsen 1638) The writer
lmﬁ recently reported a cate (uanler and Chuudtll:uri h:11%3) in v;l:ich
pe weas apparently eontrolled by mesans of thyrold extract. it
P "ﬁﬂﬂmt the ant lies m the fact that ben ber is associated
with hyperthyroidiem &nd pellagra with hypothyroidism ?

Obeervation (d) 1s purzhng. It scems to the wnter that no explan
ation of the mtiology of pellagra can be accepted that does not take into
conmideration the past and present predominanco of the ditease amongst

lo whose staple food 18 maire This bringa one back to the malze-

theory which by itself is not acceptable but yet might be recon
sidered in conjunction with the vitamm-deficiency theory It s suggested
that a certamm amount of nincin is counteracted by the hypothetieal maize
toxin mo that when this is present 1o e diet the normal requirements of
macin are mcreased  As alternatives to the theory of a toxin produced
by the effects of external agent eqg bacterna on the maizo grain 1t 1
pomdble that some ntermediate produet of metabolism of malze protemn or
mauize carbohydrate in tome or at least capable of fixing the niacin or
to carry theorctieal conniderations further that niacin may be syntheuzed
m the mtertinal tract under eertam conditions [i[: the synthesis of thia
min_N\ajjar and Holt (1843)] which a maue diet does not favour

In conclonon putting asde theoretical consideration. one enn say
that the exaet rzdor of pellagra 18 nm.ﬂ)et known but that deficiency
of niacin—actual defic 1n the diet deficleney relatine to requirements
ur defielency due to malabsorption—i= the ymportant factor that nbly
another factor 18 associated withr maize or other staple food substanee
and yet another with the paticnt s individual make-up

requiremenrt.—The general opinion that 10 mgm of nlacin is
the minmmom amouwnt required daily is Iittle more than a scientifieally

Bome workers deny the fact that the true pellagra svodroms  er fafls t
erpond to niacin given both enlly avd rareptenally
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along the edge and on the frenum of the 1 I ull
whzci aro often mfected with V‘mcent’logguu-énﬂe. %ggn 3fﬂmgmm
salivation dup to mabiity or disinclination to close the mouth aver the
swollen tongue  The pharynx becomes mvolved 1n the BamMe Process thn
Ifgdu to dificulty 1n swellowing and dismelination to take food eoon followe
amﬁ‘ the tongue may become completely denuded of epithehum, atrophred

Lho bows! symptoms aro not by any means constant, but there
a troublesome diarrhwa of the Lienterio ts;p& There 18 n‘s"un]]y an nnlam'v:m,uuﬂJ
oven m the absence of dyspha discomfort m the upper abdommsl
segment after food, and a pemﬁ?’mt burning pam. There 1 evidence
of ga;tntm which IIIR mﬁmwdi;ﬁ% apecific malnutrition of the mucoms
membranes generally, and 1s eeping with the constant hypo- or
achlorhydria.  Through the g'nsfmscope,mﬁw mucous membrane 1s & fery
red colour There 18 often redness and sorcnees of the anus

Nervousness —Tremors of the tonjgue and face musoles are noted carly
i the disease and the ocourremce of Chvosteks mgn (s spasm of the
facial museles on tapping} hes been reported later, this extends to other
muscles Thero are flceting pamns i different parts of the body, numbness
and parmsthesia  The deep reflexes aro exaggerated at first later
decroased, and finally lost. Perpheral neuropathy 1s often very trochle-
some, but recent work tends to suggest that this may be an essochated
condition (vitammn B, deficiency)

Later mental changes are characteristic symptoms of the disease
there 1 beadache, slecplessness dullness, andety neurosls
thought and depresson, amounting to melancholia which quite often leads
to suiade. In some cases & manic depresrvo syndrome has followed
periods of exertement with hallutanations,

So—called toxo psychoses t&hﬂt ttievzilr;p uft;raﬂn}febnle sitack or tﬂg
an operstion, are apparently daoe to cm olenay
parenteral admmstration sometimes within twenty four hours. An acute
enpephalopathy due to sudden complete deprivation of macin in a depleted
mndividual has besn described. and

Other ngns and symproms —The vagmel faucoss 15 usually red
sare and there may be a veginal dmlmm There 1t nearly alwnys pro-
gresmve emnacintion.  There may be ar fover but it iy not & conmnimd
symptom nor 18 it probably associated with the central thuloglhc-;l o
symptomatio syndrome. Ansmua is usually very noticeable this
mentioned above,

DIAGNOSIS AND DIFFERENTIAL D‘lAGNOflS e otber cnd

A typrcal cere ents an unmistahoble picture but at the o
of the ﬂe there al?r?’oues with shght and questionsble zyll.npi%mihm
will defy accurnte diagnoms except posaibly by brochemlcal an

peutic teste headmer —
Diagnoss will have to be consdered under the following bea
(a) y{I‘-]b.'ltcry—Envu-omnem and diet general and npocm!’ duraten
and seasonal vanation of symptoms
(b) Climical pxm;n -———mEe'pem] dﬂn] t}.lie characteristio dermatrtis with
lnrrheea and men eriorntion
glo“}?:l)s Il.;ub:rzro testr.—Decreased niacin in the urme and m ﬂz:dblsﬁ
are tho rule but Ee methods of estimating 1t are m)cl;'?;—ﬁht;;y
certainly not within the scope of an ordinary diagnostic :vif.h Al
(dY The therspeotic test.— This must be mterpmtug f TeseTve
shin conditions are liable to 1mprove by tho admimetra ail:’o ]lam]w d"‘On“'
of miacin but the 1mprovement will not be #a dramatic 28 in p®
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the othor hand there are somo cases that rcsist treatment with niacin
it should bo given both orally and terally

The skin condition has ta be differcntiated frow runburn powson in
dermatitly, trade dermatitis lupus vulgaris lupus crythemato is emthemn
muthformis and syphils tho gastro-intestinal symptom from nutel
tional diarrhceeas and spruc (in these there 18 usually more commonly a
macrocytic anmmin and leas commonly achlothydria and m eprue thore
18 fatty diarrhea and a flat blood glutote curve on oral admimt tration)
and the nervous and mental ome from neurasthenia  beri ben
ergolism  lnthyrem tabes }\m'exl: e fnd Wirniehe = «vndromes  and
peneral paralyme of the ne

PREVENTION

As pellapra 15 a dietotie disease, its prevontion is primarily an economic
and educational blem rather than a medical one Howover the dis
tributron of o rentive substances at the worst period of the year
and tho providon of carly medieal relief aliould form part of any antt

pcl]nﬁ;m camph

Inize is used as a staple dict bocause the people eannot get any

thing better and provided it 1s suitably suppl ted its ption
18 not detrmmental to health the aim should therefore be the encourage

:'inmt of surtablo supplementation rather than the radieal alteration of the
ret.

Muceh can be done by educanion and propaganda It 1s first neccasarv
to make the people understand the necessity for including certain sub
stances in their diet and many will find the means for doing so if not at
first porhana at lenst in the courss of o few years Agnm, if they are made
familiar with the mgns and oma of the disease, and are made to
understand that it iz amenable to tment and if treatment is put within
ther reach they will probably present themselves for treatment in the
earhier stages of the disenss when fta progress can be ehecked eauly

Naturally methods of improving the economic status of pellagrous
populations must be explored but ehort of this it may be possible to
encourage and even provide the means for home gardening or poultry
keeping, and at the worst times of the year to distribute dried yeast or
even tablets of macin (100 mg daily) tﬁmﬁunh schools or other ehannels

The best supplementary foods are fresh meat, especially pork, hiver
whole-rrain cereals and green leafy vegetables It may be nceemsary to
{all back on tinned (canned) vegetables fith and meat which will servc
the same purpors but lesa effectively The pnneiple should be to inereasc
the proportion of proteln as well as to provide an adequate amount of
vitamin B, eomplex.

In inmitunions or eampe the diseize ebould never arsc if the diet
are properly demgned but in the cass of actual food shortages when 1t
may be neceasary to fall back on eome poorer staple substances such as
maize dned yeast should be provided.

Dried yeast autolysed veast or marmite (vegex) or some smmlar
Frcm.rnhu-n w aleo a ureful eupplement for restricted anvalid diets when
or any rearon it may be necessary to restriet other pellagra preventing

TREATMENT

The treatment of pellagra seldom jresents wmueh Gifficulty in = far
as treatment of the individual moderatels advanced ea e Iy concerned
the real difficulty arites 1n the treatment of large poor population and
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here the medical aspects are o1er-shadowed by the

ment can be oconomic ones. Treat
g g::p og;mdgece;-od under the four hendings general dietetlo apectfic

eral —The patient should be rem

conditions under whxpclil he is I and puu:gto&gm % mﬁmm
bed under home-nurstog condriions  The mamo'a%louldoieah@ha:ig
awry, but d sunlight should bo avelded until the pabient's reactions
to “{his have been ascertafned. Any concomitant infeetions such
ankviostomiams or malana should be treated, and any other dy:funmu:,
such as hypothyroidism and achlorhydna corrested or compensated

Dietetic.—The patient should be given a mixed protein
diet, with a calorne value of at lenat 20 cent MB his TequIre-
ments 1n which there 15 fresh mest (moﬁrdmg hver, or pork) whole-wheat
(or gther good cercal) meal leafy vegotables and fresh fruit.

Specific —In mont cases there will be immediate mprovement follow
ing rest under good hyvgenie conditions with a good dlet, but, if surt
ablo apecifie trentment 15 added the improvement will bs more rapid. The
main deficdency 1n pollagra is the niacin fraction of the vitamm B, complex,
this must thereforc be given first It 1 best to give large doses—500 mg
daily will usually be sufficient—for threo or four days and then to follow
this up with & mamntonsnce dose of 100 mg daily untd all and
eymptoms have dsappeared Niacin can also be given m o
mtravenously in doses of 100 mg  There are no disadvantages in the mim
muscular method and it obviates the danger of non absarption, but not
more than 10 mg. should be ghen mtraven by means of a scrum
svringg, and even this should be given slowly  1f the larger doese ix em
sidered necesaary, 1t should be given in & pint of § or 10 per cent glueos
slowly Large travenous doscs couss acute penphernl dilatation thal
may be dangeroun.  Nucwamido does not causo thrs dilatation and may
be gven in the full therapeutic dosos with impunity
has The offect 01111 the lkmfleaign.s b imme}imte ﬁndfdmmﬁc the wnter

seen an excellent case of pellagre entirely apo orwar,b.mﬁpmm
m o pertod of 48 hours, by en ever-anthusastic house phymeian ! Bat
tho improvement in the other toms may not be so marked It is
vu&y often advisable also to give fiavin 1n cases of severo
and thiamin in cases complicated with peripheral neuropathy and thers
are somo cases m which Liver extract also socms 1o be nocessary suggesting
that this contains yet other speatfic substances. There are some workers
who 1n view of these fncts, prefer to treat all cases of pellagra with fivee
extrast parenterally and dried yeast by the mouth. Further there are
some cases in which mprovement 12 only alight and temporary with 'P"?ﬁt
treatment, unless this 13 combined with o general improvement in the di
nndespoh&ﬂywithanmurmminthemtaknofgood
Symptomatic—Drugs do not form an espentunl part po
and 1n imeomplicated cases completo oure can be effected without tnnd
but sodium thiosulphate 7 grms dally will help the skin md‘m;ﬂmm
arsenio in the form of Fowler’s solution is recommended by some v ol.
The slan will improve more rapidl ﬂthammmbbedwitb%ﬁdm
1f thore 1 & hypochromio anzmia, {errons sulphate gr v should
three tumes & da; dminis-

‘Most of the guateo-intestunal symptome will disappear o5 the aoh o
tratton of & suitable diet, but, uf beca permsts Laolm .
even opium hould be tried m tam and, §f constipation then SUpEEICh
muld vegetable purgative should be given for & night or two 02 % f,
be followed by some bowel regulator, such as hapghul every



PROGNOSTY 751

The stomanns, if it docs not respond to riboflavin, should be treatod
with a mild antiseptic, such as borax and glycerine and If it painful to
the extent of mterfering with tho taking of proper nourishment cocaine
may be added to the mouth applieation two grains to the cunee  For the
mental xymptoms and lecplessners scdatives such ax bromides or luminal
mav be necer am

PROGNOSIS

This will naturally vary with tho elroumstances  If the patient, oven
m an advanced stage, can be placed under ideal hygienic and dietetic
conditions treatment 1a usually and in mot carca will end in com
plete cure but there may bo a relapse when the patient returns to his
previous mode of hife dmscase however usually occurs amongst poor
populations wliero the mtenmty of the svmptoms will vary aceording to
the degrec of the dietary doficicncy nnd the usual history is that of
mnmprovement during the cold months of the year (in sub-tropical chmates)
with progresmvely maore ecvere rclapses durmg the summer months of
each year (In Indin and other tropical countries the discase 1« actrve
m the cool but sunny wmter season and subsides durmg the hot but cloudy
and wet summer )

In 5 small perrentage of eases, the pationt appears to rewst all forms
of treatment and after ehart temporarv remissions detemorntes rapidly

The death roto in Italy is given as 3 to 5 per cent and in the United
States as mbout 10 per eont, but in some oputbreaks in the latter eountry
it ha been placed as high as 30 per cent

Tn aleobolier in chronie malaral and dysenteric subjects and In
any febrile etate the prognosis 15 less favourable
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Deﬁmuo%—Scun'\- o dictary deficiency disease cha.;oc;h.mwd by
gy and bleeding gums and siperficial and deep he ges 1n

ercnt organs and tissues of the body which 1f uncheched ends fatally
it 18 caused by the deficiency of vitamin C (ascorbic asid) 1n tho diot, and
prevented or cured when 1t ha nlready developed by the takmg of aubrus
fruits or of other frumts or vegetables containing a suffiorency of this nitamin

he anly ] ona man m
earlier explorers frequently lost 80 per cent of their persomnel

in view of
*The stotus of samvy as a tropreal disease might well be questionsd o
the tact t.baht.'rcvonl Arctic nn i Anmpr:trmediUom have beﬁ :;u:lnuhyof .m!

rente of t smongst, the Y
B e e T fea- il 4elom eneoanter

r;?u:offmnkmn'rv oxeept pomibh m the form of Ba:
hm opposite number in the
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T proteet v suledance i eftrue friita was idrotficd by Holst and
Frolich in 1912 it was clanificd as vitamin C (Drummond, 1920) and later given
the 1 in 1002 it was chemieally idenfificd by Szent-Oyorgy:
(1933) and in thy by Waogh and Ring and o 1833 it was synthesired

by Reichstern Haworth and others

Epidemiology —Although historieally it is a dizease of ship board (tnde
supra) ever mnce the cause of it has been recognized regulations and the
shorter duration of voyapges have made it a raro condrtion amongst sailors
Tt shll occurs in armles living on canned and dnied rations it was rife
amonget the Britreh and Indhan troops i Irnq duning the 1014-18 war 1t
1 very linble to oceur in Indian, African or %hineso 1abour forees working
in unfamiliar surroundings as the uncdueated labourers are often v
conxervative and do not eat the unfamihiar local frults and vegetables, Tt
appears to be the most eommon apecific deficiency astoelated with famines
it occurred 1n Indin duning the Hissar famine in 1940 (Nicol 1840)

Sporadic easca not infrequently oceur amongst invalids kept on a milk
dict and in the form of Barlows discase amongst infants fed on boiled
or preserved milk or on the milk of stall fed cattle wnthout the rupple-
mentation of fruit juice or fresh vegetables.

The discass has no geographical or scasonal linitations and it may
occur amongst perrons of every race both eexes and all a In certain
speaial circumstances it may exhibit a senmonal incidencs ns 1t may
appear to attack certamn groupa in & tion but the incidence is always
cxplamnable in terme of vitamin C intake

ATIOLOGY

Scurvy appears to be a ample vitamm-deflcieney dizease.

Ascm:i)ic acid which man and other primates and certain other animats
notably the gumea pig are unable to synthesize m an eseential element for
ccll metabolism 1t must therefore be taken m the food or the organism
will suffer In health the tissues arc saturated wth this vitamin so that
1t takes about mx months of defiiency before the signs and symptoms of
frank ecurvy appear A rub-scurvy state is now recognuzed ewidence of
whlcg‘lcandscimetmeu be ehmterd prkui)ito the onset of frank scurvy

16 daily requrements of aecorbic_acld ara .70 to_100 milligrammes
rouﬁ_‘n'ﬁﬂLaummao milligrammea wall prevent the development of
scurvy Children requirc relatively niore as also do pregoant and laetat
ing women and persons suffering from fever malana in particular appears
to cxhaust the ascorbic acid reserves rapidl

Sources of ascorbic acddd —The elamical and probably the mest eon
venrent rources of vitamin ( arce eitrus fruits o3 Iy oranges and
lemont the juice of which conttins an average of 60 mg. of_ aseorbio

aeyd 100 grammes Other frutte nich 1n vitamin C are black eurran
(m’%ﬁmu (80 mg) cape goosebernes (50 mg) pmeapples
(60 mg.) guavas (300 mg) papavas (40 mg) and tomatoes (30 mg)
Fresh leafy vepetablés ~root  and tubers also eontan large amounts
provided t they are fresl and either uncooked or earefully cooked
notabhy spinach cahbage, cauhflower parsley green pes  sprouts kmol
khol celery druneticke amaranth and conander sweet,
potatoes turmr- and beetrool. A very nich source of vitamin C n India
s anlg (Phyllanthus emblica) whieh grows in many forests it contalins
when ireah as much as 600 mg_per JOO grammer  Powdered amla main
tains about 50 per cent of ita vitamin (i an active state

Actarbie acil 1 very labilo and m very lkely to be destroved Uy
cooking and canning It 18 preseried best 1n an aeld medium ko that tre
addition of rodinm Iricarbonate to vegetables dunng cooking i1 a baa
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practice It Is destroyed prolonged cook and

that muoh 1 lost 1f the coollzng water 1 disca:gd Ca;fpe‘r‘T\coakin%tEr mhbv{;se?;

will cause excessive destruction of ascorbic actd. In many brands of canned

frurt, less than 30 per eent of the original content of ascorbio acid 18 pre-

served but modern eannmg mothods preser o much moro than this.

during storage of potatoos for example the ascorbis acid 1s quickly lost,
k is not a good eource of ascorbio acid, but if tho cow 1 fed on

fresh grass, its mill will contam far more than 1f it 1 stall fed Most
ed milk supplied 1n cities is a negligible source of vitamm C

uman milk 1s & much botter source than cow’s milk.

When-fresh frutt_and vegetables are_hard to obtaln ascorbic acid ean
reccanny bt e of poeeals unimiled, gram o of com
n ollowmg m of b sprou ]
Ae;]%:%guw) ol reparing sprouted gratn is given by

, gram, wheat, unsplit peas or any other grain is first soaked in
ter for 24 hours and 1s then ‘spread out on damp earth or on a dﬂ
lanket and covered over with o mout oloth or ack (gunny bag) w!
is kept molst by sprmkling water upon 1t from time to time. = After two or
three days the grains will have s‘frouted and be ready for use
‘The_sprouted_grains should be caten raw or after coohing_for not

more_than 10 mimnntes
PATHOLOGY
The defictency of vitamin C causes an imperfeet formation of con
ective tissue with failure to develap true m&porting timsue there_ss
per adhesion_between tho colls of the cpithelum of the eapiliary
o that these ruptura_very_casily on the slightest trauma or when
the internal preesure is_increased and mmilarly scar_tissue does not form
properly and 1s very woak, Osteoblasts fail to diffctentints, and there is
deflerent formation of calofied osseous matrix so that even the
ostcoblasts come to Jie 1n an almoat exclumvely fibrous matrix, and
davelopment, ceases It has been reported that 1n advanocod cases large aree
af erfthmblastw and leucoblastic bone-marrow tissues are repiseed by
amyloid’ conpective tassuo

The post-mortem picture will be largely influenced by the lwond:_&rﬁ
defiuenciea end the superimposed infeetions but & constant fin
be numerous hemorrhages in most of the tisues and organs me uding
the bram.

Blood picture —A mucrocytle hypochromio anmmie that responds
readily to tﬂa administration of vitamm O has been rted, but the
writer lias never been able to identify anv anfemis ns due to a.lwrbtl]:
neld deflelency and recent cxperimental work has failed to eatablish the
carlier ola/

n
no
wB

SYMPTOMATOLOGY ovel petween
Lacent od —In mfants Barlow’s disease ’ usually develops
the sixth ange?he esghteenth month, and smilarly 1n & well suhm:itccg gl:_)‘t
1t 18 about shx months beforo there is any chmeal evidence of tho defic e
although 1 & ense 1n which a partial deficiency has existed for some
the disease may be precipitated within a shorter pentod. q )
Onut.-—-Tgo first migns are pallor brenthlessness gnorexia an geﬂu‘ﬂn
weakness ths is followed by spongmess and blcedx;ﬁ of the g;nm! o
swelling so that they almost envelop the feeth wh becom;n ou‘;egkm
may fall out at the same time petechial hmmorrhngmhﬁurm eemecd

fnd there may be deep }quorr)mFE mn the muscles !
by the sudden appearance ol tender twelhngs
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Progress.—Large ecchymosen 1nay appear n the sk then sub
periostoal hremorrhages, and there may be hemorrhages into the jomts
and other serous cavities or even mto the brain  There may
hxmoptyms hematemess homaturia anrrli/or melenn  Meanwhile sovere
anemia may be developing this is partly duc to the Joss of blood hut also
it m claimed, to the bone-marrow changes  The gums become sccondanh
miected eo that thero1s a foul gnmvitia and the teeth drop out and usually
the paticnt beromes progresaively weaker and oventnally dies of rome com
pheation gueh pa pneumonia

In mfants tho most stnking addrtlonal featurs is the extreme tender
neex of tho jomnts eo that the infant is termfied when anyone epproachea
its cot. I the knee 18 flexed nnd everted a swelling of the lower
end of the femur will be seen which 18 usually symmetrieal this is not
tender Later the upper limba may be similarly affected There 15 alsa
veually radiological evidence eg sub-epiphymel hemorrhage or ecesation

+of the development Tho spongy gums and other signs will also be present

Diagnosis.—This can be mado on (a) the dictetre history (b) the
cimical examination (¢) the thorapeutio test and/or (d) certain elimical
and Jaborntory tests,

Fraok scurvy will usually present httle difficulty from a olmleal pomnt
of view 1f there 1 a dietary hietory that ia compatible with vitamin-C
deficrency  Howover It s unwiso to diagnoso sourvy in an adult on n
mrxed dict or in a breast fed child on clmical exammation alone 1n such
cases the confirmation of the diagnosis bx laboratory tests or at least
the therapeutic tet't;iﬂuhuuld be awaitod. fgm:»d chinical response wmthin
a few days to a dmly dose of 700 mg of ascorbie seid constitutes o
posltive therapeutic test the converse may also be ncoepted

A relatrvely mmple climienl test 18 Qothlins capillary fragihty test:
a r&)hygmmnomatcr hand 1s placed on the arm and the pressure raised
to 90 mm. of mercury for three mmutes the arm below the bend is then
mspected with a hand lens and m casea of defictency there will be
numerous eapillary hemorrhages. No chimical test is bhowever entireh
reliable although tlie 1 better than Rotter s intradermal test which mast
rehable workers have now discarded

Of the laboratory tests the cstimation of the urmary exerstion of
ascorbie acid 13 the mmplest. On o mnimum adequate intake of 25 mg
(hcdnﬂyexmhuni.ungcutlﬁmg there 18 o sharp response to a test
dote of 700 mg 1f the subject 18 saturated but if not 1t may be several
days before there 18 evidence of an overflow m tho urine. %‘be unnary
ascorbic acid falls to mil 10 frank scurvy and no appreomable amount i
cxcreted until at least one pramme of ascorblo aed been given

The estimation of the blood ascorbis acid ix also relatively aimple
If tht | as ligh a 07 miligramme per 100 cem it may be assumed
that the patient 15 saturated. A low valuo does not however neect
sarily mean that there 1 ascorbic acld deficiency

In differential duagnosts most of the hemarrhagle ditesses will have
to be conmdered and it man be neccseary to male a platelet count anl
to do n prothrombin test

PREVENTION
The prevention of ecurvy har boen practited on siups of the navie
and merchant eervices of many nations for eeveral hundred yvears often by
regulations that make 1t compulrory to earr fresh frnt or fruat jule
far consumption by the crew  In inetitutions and armier 1t ean he pre
vented by including 1n the ration rom good rource of vitamin C and
by training cooka not to destrov such of e \itamin a s precent in raw
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foud by over cookmg 1t or by copper or brasy utenwils. When
other)soum are procluded, 1t can provided by aprouting grain (m‘dcu

The present shortage of shipping has reduced the amount of the et
fruit that can be mmported into Great Britain To replace this deficieney,
synﬂggw vgtamindc is being used freely i '

ucation and propagands play an important 1n prevention the

ax;pnrtnnca of mkmg fxieu‘:ﬁ:lflﬂi and vegetables orp:;:nufad gram, ehould

mpressed on schoo and pregnant women in cular, the
latter for their own benedt and for that of thers tafenters

As a general rule the prevention of sourvy 1s not so much an ecomome
problem ns 1 the prevention of pellagra or even berd beri, but this aspect
will arise 1 the case of famines, Dunngthemmrhmmeml
powdered amla was distributed and did much to reduce the meidencs
sowrvy Amla powder is also bemg msued to troops based on India and i
18 hoped that thie will obviate any recurrence du thia war of the
[ Umtwmaaerluuamurwofiunmiulmqmmtmr

anta on artifioial food or on pasteurised milk should alwaya be
@ven freah frint juice daily, this will also apply to infants whose mothers
are an a low ascorbic neid intake and in fact, 1t will be a safe precaution
to apph to all nfants as well as to invalids on mulk diet.

TREATMENT

This presents no difficulties If frutt juice or eynthetio ascorbio ackd i
available Doses up to 700 mg of {-ascorbic acld should be Em by mouth
daily for the first few days until the acute symptoms subside. In very
acute cases 1t may be safer to 500 mg. parenterally A mamienancs
dose of 100 to 200 mg. shéuld contmued far & few weeks untll it i
certain that saturation 1s complete, which of course could be ascertamed
by the extimation of the urinary secretion of ascorbic aad, but this » nob
vually necessary Infents require 40 mg. datly for two or threo wesks.
When synthetie escorblo acid 1s it 1 good practice to supply &
natural spurce of vitamin C In the dlet as well umwmhlveb;:
reported in which the respanse to the synthetis witamm slone vy
satiafac
Subsmdiary trestment s seldom netessary but the correctlon of this
defitiency ey uncover other deflciencies so that a diet nch In a1l ymport-
ant vitemins should be given whenever posmible. et

If the speatfic treatment 1a grven even 1n advanced cases, the progn
1 usually
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Defimtion —Epidemic dropsy 1s the previsonal (and not verv
appropriate) name given to & non mfectrous dirense which 12 charnctinzed
tzﬂmlntestmnl disturbances cedema of the extremitier certain specifie
;la.u manifestations and rardu.\rl dvnfuntuorl\ nm}.";.» Jrﬂlnlc:tl\ fatal it

[ Tmated hical and raeial distribution g confined
manly Tt?;l-%»en,xzul uufi Ben . 1 and its exaet stiology 1+ ax vet unknown
hut 1t 18 undoubtedly areociate] mth food and probably with nw tard «i)

Ducussion —Thus disease has mn the part suffered many thing
many theorlsts It has been fitted mto & vanets of categories to which it
quite obviously does not belong both local and long-dmtance nvest
ealore who have exalted easual chmeal obrervation  of wecon lan
mportanco—both in thie disenre and mn the diecaser to which they have
attempted to liken it—to the position of main svmptoms and have then

The elmuen! paragraph of thi ‘:pﬂ' were written with the ard of wome not
£ven to the wnter for this purpo-e Dr R N Chaudhmn, bis tat  colleage and
the ofichating profesor of tropical nwdeme m Caleutt  who chinml  xpencner of
thr drcase ant d tev the wnt Ire seveml e
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food by over cooking 1t or by uain copper or brass utenmls ¥
othcr)murces aro precluded, g ¢an %o provided by sprouting gmﬁvg

The present ahortage of shipping has reduced the amount of the eitras
fruit that can be imported into (gmat Britain, To replace this defleiensy
aynthEedtln vtimtamde 18 being used freely P
ucation and propaganda play an important part 1o prevention the
Eportauce of takmﬁ fxl-esb fg;fegand vegetables or spm?.;od grain should
mpressed on school chi and pregnant women in particular, the
latter for therr own bepefit and for that of their infants ’
As a general rule the prevention of BOUTTY 1 not 50 much an economie
problem as 15 the preveation of pellagra or even berr beri but this areet
arise m the case of famines. Durmg the Hiasar famine mn 1
powdered amls was distributed and did much to reduce the meldenss
sourvy Amla powder 15 also being 1ssued to troops based on India, and
18 hoped that this will obviate any recurrence during this war of the
solrrvythntwasasunou.uwurceoiﬂ{neumlmq mt.be%anwa.r
Infants on artificial food or on pastourized milk should always be
given freah fruft jwce daily, this will also apply to infants whose mothers
are on a low ascorbic acld intake and in fact, it will bo a safe precaution
to applt to all mfants ax well as to invalds on milk diet.

TREATMENT

This presents no duficulties if frurt juscs or synthetic aseorbie scid b
atailable. Doses up to 700 mg. of I-ascorbic aeid should be given by
daily for the first fetw days until the acute symptoms subside. In
acute cases 1t may be safer to give 500 mg. parenterally A mamtenance
dose of 100 to 200 mg should bo continued for & few weeks nntll & #
certamn that saturation is complete, which of course could be
by the estimation of the urinary secretion of ascorbio acid, but this 1 o
umally necemaary Infants require 40 mg. daily for two ar thres wesks.
When synthetic ascorble aoid 13 used, 1t 1 good ‘K::hoa to y s
nstural pqurce of vitamin C iIn the diet ss well euuhlvew
reparted 1n wiuch the response to the synthetic vitamin alome was
mtufnctn? of ihis
Submdinry treatment s seldom necessary but the correction
defi¢tency may uncover otber deficiancles sa that a diet rich in all wmport-
ant vitamina should be given whenever posaible. o5

If tho speafic treatment is given cven m advaneed cases tho proga
18 usaally good.

§

4
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Definition —Fpidemie  dropsy 1 the previional (and not very

appropriate) name given to a non infectiour lreenze whieh 1 charnctinzed
by gostro-intestinal disturbances cedema of the txtremities certain speeifie
+kmm manifestations and cardiac dysfunetion and 1 frequently fatal i
bay a very limited geographical and racial distmbution being eonfined
mamnly to Bengal and Bengah  and 1t exact xtiology 1 ax vet unknown
bt 1t 1 unduubtedly aesotiated with ford and probably wath mu tard ol

Discussion —THi» disease has n the past suffered many thin Wf
many theoriats It has been fitted mto a varety of categories to whieh it
quito obviously does not belong by both loeal anl long-dutance myest
galors  who hatve exalted ea ual chnieal obrervation  of recondan
importance—bath in thix direase and i the diccaves to which thoy have
attempted to liken it—iv the poeition of mam svmrtom  ani have then

The dinien } of the paper w rv wnit o w th the sl of eorue n tes
Ev 1 (ot el Tor i paryome b D o N Chandbin, bt Bt rolmee and
the offciating profevor of trop cal m dweine 1 L3l whow chimml  penes e of
th drrase uted t the wit by wovrml ear
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may be misleading Very few inveshigations of this nature have
undertaken, but }t 1s only through such mvestigations that we are lil;:;
to reach a solution of the problems

Recent work.—An epidemiological nvestigation was undertaken by
Dr R. B Lal the profemsor of opidemiology and wvital statistios at the
All India Institute of Hygene Calcutta, and his staff, in sx different
areas in Bengal, Bihar and Assam meludmg a tes estate whers an
outbreak of the dusease had been recognized and reported by Dr Charls
Terrell. These mvestigations appear to pomt once more to mustard il
as the probable vehicle of the nomous factor and the same worken, m
an 1mov tion conducted with the chnreal collaboration of members
of tho staff of the Caloutia School of Tropeal Mediame, were abls to
produce suggestive symptoms m volunteers fed on samples of mustard all
that has come under suspiclon in epidemic dropsy outbreaks (Lal et al

1837-41)

During the last half century, mustard oil hae been suspested repeatedly
but in 1928 Sarkar recorded an outbreak in which severa] patients had all
the symptoms of severe epidemic dropsy after taking oil that had been con
taminated with one oil (from the seed of Argemone mencana local
names sutlkats ar hataker oil)  In 1928 Kamath, reporting an outbreak m
which mustard oil was taken, and applymng his data to suppart the infec
tion theory noted that oil from a seed, known locally as odusmars, was
also used this seed has now been identified as Argemone mencana.

Attention was thus directed to a specific contammant of mustard ofl
and feedmg experimenta were carried out at the Caleutta School of Tropes!
Vlediene on human vohmteers and on animals (Chopra et ol 1939), with
very sy, ve resulta.

We have now armived ntiht:hﬂni‘hunmwhichmmwdoﬂhubem
menmmated once more, but on oocasion the case against it rests an
a much sounder basis of epidemioclogical and experumental evidence.
Argemane ol & common adlirtemnt of mustard o1l has been shown to
produce symptoms ldentical with those of epidemio dropsy, whether it »
o acoidentally or expermnentally Finally m a number of
recent outb: 1t hes been found that the mustard ofl used by the
vicims was badly contaminated with Argemona oil, and that when it
use was discontinued the outbreak subsded. the

We know that argemone oil contams a noxious agent, but up tgnd
present time chemists and pharmacologists are not agreed as to ita
nature or how it acta whether 1t 18 an independent powon that produces
1ts il effects graimn for grain accordimg to the dose n which it is taken of
whether the substratum 12 an mmportant factor and the degres of toxiaty
depends on the excess of one fi substance 1n the diet or cn the absence

of another
is not an adulterant in the sense that it is often adt}:;\

Argemone ol
to the oil by the retmler dehiberately for the eake of in et
profit but ¥ is an acwmdental contammznt of the mustard erop o
grows in the fleld 1t 18 a self-sown weed which can be gt
casily from the musterd plant when the crop 1s harvested, an e
the noeds are very smmlar they could be picked out by & carefl rmwur

It 18 qute understandable that eome years would be more }ﬁ
able to the weed than others and that ita percentage mmeidence in
crop will vary from place to place but apparently 1t 18 & vizy common
contemmant and 8 Bu-ge number of samples of ol show Wm?n'
w0 that ft 18 eamer to account for the wide prevalence of the fdmeasﬁ o
it 1 to undorstond why it 18 mot more prevnlent,a] It 1s ’or;onenmmp
not quite clear why epidemie dropsy is comparatively rare
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poorer Anglo-Indian community who use mustard oil for cooking almost
exclumvely Does it depend on the amount of argemone oil present?
Lal and his co-workers (1841) place the maximum safe amount at 05

cent  Is it sunply becauso it is heated and partly inactivated or is
t something to do wiL{n the gencral composition of thar dict in which rice
detx not prepondernte to the extent that it does in most Bengalt dicts 7

There has long been & strong belief prevalent amongat both patients
and doctors, that rice per sc s bad for an epidemic dropsy patient this
belief s independent of the rice toxm theory becauso it applies to any
form of rice, round or diecased Dr Ellls C Wilon stu cases 1n
the hospital of the Calcutta School of Tropieal Medieine, noted that there
wey 2 distinct mercoro in the adema whenever an epidemic dropsy patient
was given & nee diot.  There is thereforo somo ovidence that people who
Inne on n dict conmeting largely of nec powuibly by virtuo of ats ligh
carbohy drate/vitamin B ratio ” are moro susceptible to the diseasze and
that nce though not the mam culprit or the ole of the noxious factor
does play & part 1n the wmtiology of eprdemic dropsy

In the study of vitamins the ides of conditioned temeity 1s now
gaming ground there are numerous mm&la reported of the toxic effeot of
8 toxic substance bang conditioned by the nature of the diet, and/or the
state of vitamun saturntion of the subject ag selemum po! an
a high proten diet, lead powsoning and wvitamm C and indol and
vitamn B Is this posmibly another such example ? Such an hypothesia
would provide a means of co~ordinating eome of the earlier theories regard
ing epideme dropsy with the latest one for specific food deficlency was
nsu:Ezcd a8 n 1ble cause long before the prescnt vitamm age

Both the 1eal and the pathological evidence (11ds infra) support
the epideriological and expenimental evidenee and mdicate that the disea~e
is far more hikely to be due to an mntoxication than to either an 1nfection
at a vitamin ar other food deficiency

To summanze epidemic dropsy 1s apparently caused by the con
sumption of eome towic substance 1 mustard oil, probably a constituent
of arpemone o1l a common contammant of muutnnr oil the effect of this
toxin 1s enhanced 1if the diet 1w predominantly & nce ons

PATHOLOGY

The charactenietic pathologeal ehange is & permistent dilatation of the
smaller blood vessels not sumply of the capillanes 1o all the layers of
the akin 10 the licart muscle and in other organs and tismues arsociated
with ehght pernarcular infilimtion by large mononuelear eells inereased
permeability and local adema  The toxin  appears to have a direet
specific action on emall blood yessels

These changes can be eeen 1n all the layers of the skin and 1n the
sb pupulary pliaus the e 1 often new a cular formation which mav
profire~s to the deve oy ment f a | emapglomatous condition that gives rise
to the so-called “sarcoids  There 1s often inereased prgmentation in the

! layer and rome pigment wili be reen wm the deeper Iayers of the
alin - There 1 @dema m the conum wlere the collagen fibres may be
swollen anl in the eubcutancou. ti suc The sarcoid 13 & vascular
tumour with & few connectine tissue cells no fibroblasts and no inflam
matory el caudate covered by e flsttened epidermis which shows
thiekemnp and down growth deep mto the normal conum at the edgze of
the tumour

In the bearr, there 1 marked vareular dilatation be ween tf nu el
tibres o much w0 4t eection  owetitues mve the appearance of free
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extravasations of blood that have dimsested
o bluﬁchez el ezected out individual musele fbrs
the eyes therq 1s great engorgement of the uvea which results
over ﬁarroduut{on of agueous humour inercased temsmion in the nntuﬂ?;
champe ok ptn Th
picture —Thero 1 usunlly a distmot normooytie arthe-

chromie an®mis which 1s g, &are.utl%hdue to depressed hemopoetie functon
(8en Gupta and Neprer, 0) o leacooyte eount 1 umually slightly
raed and there 18 a shift to the left 1n Arncth count The erythroeyle
sedimentatioch rato 1 merensed consmderably

The urine shows no constant changes ‘there 18 however Irequently &
trace of albumin ~

’ SYMPTOMATOLOGY

The latent period between the consumpbion of the noxous maters)
and the onset of the first symptoms (this can sometimes be estimated with
a farr d of certainty but of courso at other times not) s ey
vanable, two or threo days to two ar three weeks, It s probably
dependent on the doac taken. Similarly the onset may be sudden, or
msidious  agam, this probably depands on the same ciroumstaness, It
18 usoally Ble(oobkmahmory of naosen losy of appetie, and
looscness of the bowels far & few days with this there may have been
Jmﬁ]u.lartﬁevir bmwgaulgshl:lhdomdmmle‘;a by thebt-ima the patient
reaches the hospr 0 ] often

In the acute eases breathlosness on the alightest exertion, swelhng
of the fest, which is much worse towards the cnd of the day and, m some
outbreaks, skin manifestations will develop rapidly The pulse rate 1
usnally rapid and may be very ureguiar the blood pressure 1s varisble
In very stvere cases, the heart condition progresses rapidly and the
patient, now confined to bed 15 orthoisca.lu, or he may dis suddenly befor;
tha full seriouzness 1 appreciated the lems povere cases edema an
shartness of breath will permst es long as he 1 workig and taking &
rice diet but will subude rapidly under the hospital treatment and the
hypermmia of the skin may submde leaving the sarcoids. the

Finally, all tho more acute mamfestations subslde, and, as long “‘;ﬂh
patient remains in bed l:‘;hﬁecih parlectlyh;el] but he may gfl\i‘l?mk

ta from returning

a weskened myocardium preven logs patismls,

for man amKapgEt
mnnngwecardlaowndxtimappmmtobemrmn! but 1 whom #

dysfumetion. . dal
Some of the t will be idered m & little more
Thewg!ma.w 1s both central and peripheral m ongm, s en almost
constant symptom but varmble in degree and very rarely general AnAsaTeh
devels
% cutaneous mamfestations are very commion 1o pome outbreﬂhw \be
and apparently rare m others, Inlwi,outofsﬂumndmlﬁbdmm
Schoof] of Tropieal Medieme 16 showed some cutaneous lemon
attention hes been drawn to them, thuymto bemmwwm'
they were hJther:.g They nclude & gﬂﬁon od &lgplﬁh o
ascular mo of tho byperpigmen
mrt.iv cularly &‘:&%ﬁw s petaeﬂhﬂ&! Tash, end the so-called sarcor
The sarcord  (quito unrelated esther mtiol ar ek
Boeck s lbemggmhwocixd am)i ueiually a8 am,‘mmm ;m wthm, e eties o
admi umour, hemang or
the :txtzidgfna pin syhoad to that of a walnut and it may be sesmile
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pedunculated It is eamly injured and is liable to bleed freely and mere
Tarely to suppurate
The heart —Tlus ia frequently enlarged. A mitral systolic mprmur
due to relative mitral incompetence and an accentuated J)ulmomry second
sound due to congestion of the lungs are common and there may be &
pulmonary systolic murmur due to dilatation of the pulmenary artery In
scvere cases there are aigne of congestive eardiac failure
The electroeardiogram commonly shows functional derangement
tachveardia of sinus orimin and extra-systoles are not infrequent the PR
mterval has been found to be abnormally short 1n a large percentage of
the cases investigated and an abnorma! T wave and aurieular fibrillation
have been found Orthodiagrams frequently show that the heart is
enla especially the left ventniele and the nght auriele
ther symptoms —Patients often complan of burnlog or a pricking
sensation and of vaguc pains all over the body but very rarely of definite
neuntic paralyeer or arcar of nnwathesla The knee jerks sometimes
sppear to be brisk at first and later poor or even lost but in moat cases
there 1. hitle deviation from normal in oy reflex. (Some of these
simptoms mav of couree be duc to asrociated tlnamin deficiency )
Glaucoma develops m ebout five ixr cent of eases There is early
coniplamt of ramnbow haloes around a light dimness of vimon then pro
gresen o contraction of the visual field and if unrelieved eventually com
plete Llindness There 18 usually httle pun but on examination the
wcrease in tension will be cbvicus
Abortion 1= the rule in pregnant women

DIAGNOSIS

This is based on the clinical picture and the dictetic hustory  If several
members of a family &V! a history of acute diarthwea followed by adema
of the I with or without flurhing which 18 warm to the touch, and short
nesa of breath on exertion canJFuJ enquiries should be made regarding
the diet of the f. and other membera should be exammed and
questioned for minor of the disenss

The characteristio eedems and erytherm 18 not matched 1n any other
condition nor are the so-called sarcoids though these are somewhat like
the eruption n ierruga peruviana (another loeal discase that occurs
curiously encugh on almostr exactly the opposite side of the globe) The
diseare has to be distinguished from scveral other eonditions m which
there 13 gwelling of the legs eg filarams ankyloat schist §
and cardiovaseular and renal disease but the one that ealls for comment
here in view of a persistent misconception on the rubject is ber1 ben
Between epidemic dro! and the dry form of ber: bers, with its gradual
onset wasting and w et and pronounced neuropathies there are no
pomts of mmilarty to be discussed. In the wet form, the latent period
13 again Jonger than that of epidenue dro the cedema often disguines
underlying wasting and neuropathies, and s cold that is unaceom
pamed In hypersma  there are no ather cutancous mamfestations and n
the heart condition there i vem frequently a dramatic reaponse to the
administration of tliamn chlurzde  All these points taken together wall
usually make ft eary to ditinguish even irolated cases and when there
1 a group of easer tlinuld make confuston impossible

PREVENTION

It { obviou tha thir will depend on the final verdiet on the eause
of the disease but the present state of our knowledge certainly Justifies
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the adoption of public health measures aimed at the
prevention of the con-

tamination of mustard o by &
taminath y argemone oil, even as an expenmentsl

Preventive measures must be started with the agneultunst to ]
the danger of allowing hus crop to be contaminated b glt-.‘hh dangerous :‘rg
should be pownted out It may however be easler to ﬂring to bear
on him in y by wnapectmg the seed that is sent to e oil press and
condemning all batohes that contain more than a certain tage of
seeds of Arpemone mexicana or even by testing the o1l thatg supplied to
the retaler  But there are techmeal difficulties about the latter procedure,
a8 the mitrio acid teat,* which has up to now been relied upon for detectmg
contamination 18 not entirely speoific

An mteresting observation was made by Terrell (personal communica
tion) namely that in eome northerly distriots of Assam the mustard and
the Argemone mencana do not ripen coneidentally so that the Iatter
sced 18 not harvested in theso districts the mustard oil 1 never contamin-
ated and epidemio dropsy does not occur

As far as the mdividual s concerned the only advice anme can gre
8 to warn him to buy his o1l from a safe source and/or to have it tested.

TREATMENT

This 18 essentially symptomatio and dietetse no specific 1 known

Rest 1s the first essential cven 1f the cardiac symptoms are not
prominent, s unty the patient has been placed on hie new dietary remme
for several days they mng at any time supervene If cardmc symptoms
have already developed he must be kept in bed and carefully nureed
until thev have completely disappearcd and after graded exercise have
shown no mgn of returning

The dier will depend on the symptoms to eome extent but if there
are no contra indications a well balanced diet contamng at least the
full quota of protein and from which rice and mustard ofl are excluded,
should be given  Bread or chappatts should be given m the placo of rice.
If the disrtheea permsts this may be stopped by placing the patient on
milk or even lime whev nnd albumin water may be necessary for a {c%
days but care must be taken not to heep up this restricted dietary for tr%?
Jong, and if there 18 much cedemsa 8o much fluid may be contra indreat
In the latter case, #alt also should be restrictéd |

Drugs.—An 1mmtial tion with two drachma of hquorce o
at might %(:i)owcd by two or three dave of adunmstration of eastor-oil emu
son (& drachm to the ounce) or one drachm of sodium sulphate ‘:im
two hours for the first dav and e four liours for the next twobu:yi‘l
will help to control the dinrthea and to some extent cedema iy
after this the former porsists bsmuth and opium should be mbsntg i

A muxture containing tincture of ephedra 20 to 30 mmims a
15 grams of caloum lactate, thrice daily, 18 preecribed as muﬂggﬂp‘u:
cedure at the Caloutta School of Tmpxeai Medxcineiatheoreﬁunlly e
ephedrne 18 varoconstrictor and a circulatory stimu nt atoleai;f; I;ded i
appear to do well on it A dretic ep diuretin gra 1 .chlunde
there 18 any cedema 1 the cedems is more extensive e he
gre 10 18 mven three times a dav and then sn injection of omw ! oart
mercurial diureties such &s neptal or mersalyl. For congestl

* About 10 c.am of the oil is shaken up with an equal quantity f,_‘,“",’o‘?{.f’.f'g?mzﬁ

roinu layer appesrs at
gm‘lﬁmm test itt“rr:x;’:tlgdo'tfrbe roughly qmnmw and to deteet about 1 per
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falure digitalis in adequnte doser should he mven and in devere casea
venesection may be ad e

Complications must bo treated ns they ariee the fluid may have to
bo removed from scrous eavities Glaucoma must be watched earefully,
and if there 1 no improvement with general treatment and the visunl
ficlds tend to diminish trephining or anterior zclerotomy mav be necessary

PROGNOSIS

Even 1n the mild case tho patient is not really fit for manual work
witlin three to four weeks in the moderately severe case with any evidence
of cardiac involvement, he will not be fit to resume even clerieal work
within this period and in the severc care the patient will be incapacitated
for reveral montha

The death rate n an outbreak will usually be about 5 per cent, but
mn rome soverely affected families half the members have died. Denath i
from heart failure
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Introducnon.—In private practice more than mn hospisl practice,
m eastern and southern Indis, ﬁu 18 not uncommon to encounter children
with a definite enlargement of the hiver for whieh no obvious eauze fs found.
The enlargement 18 progresarve and painless and 13 often assomated with
3 fever and ‘ﬁgmtwa disturbanees  If the condition s not treated
earhy or if 1t faals to respond to treatment ochmical evidenos of eurhoels
of the liver soon appears and the child mvanablv dies

EPIDEMIOLOGY

Inadence.—Hospital reports 1n India do not usunlly refleet the truc
state of affawrs as parents will not bring therr ehildren to bospital In
n ecrtes of 1100 ohldren mvestigated by Rap (1934) ‘{mﬁ;ﬁ
patam enlargement of the liver was found in 168 cases of which I8 %r
per cent) were due to cirrhosis Manson Bahr (1040) gives the glg‘;
1748 for the number of deaths 1o Cnleuttn between 1891 and 1883 ;m
recent Caloutta Corperation reports give an average of o little mt:m
deaths o vear If 18 more common m urban thon in rural populs -

hical di‘ﬁudi;nB;Thf mdmeue rl M;:olglybummt m‘” it
mde of In an
r‘h;;o% Bihar Orumsa andgrhe Central snd Umsted Provmees Tt
18 not seen 1 hill stations

Age, sex, race, afid soclal status —Children batween the u&:ﬂvf oY,
months and two years {the dentition penod) sre most commonly ected,
but the duease ia sometimes seen in older children i a alight

Chuldren of boihtsexes arew%ﬂ'ect:g til::: ﬂrsli a“&;‘wm‘“m »

ommanee. 1t 1 popularly sa) e
;?}i’;mmuu s likely to be affested the explanation might be that it
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is the most pampered child who will be likely to have artificial and
un=urtabloe food upon 1t.

The diseasc hay a remarkable predileetion for the Hindu commumty
and 1& most common amongst orthodox Hindus who are stnet vegetorians.
In the rerien of 1748 caecs referred to above 1616 were in Hindue and
MNaravanamurthi and Tirumurt: (1939) reported a scrica of 445 cases pono
of winclt war in ecither Mohaminedans or Anglo-Indians

The vast majonty of the children come from middle-elas famther

Heredity —Thero is & strong indieation of an hereditary tendenoy, 1t
< urual for zeveral children in the eeme family to ruffer na carh reaches
the crucial age

ZETIOLOGY

Tlur is obecure Inherited rrcdiq’mihon and defective feeding are
the moat important factors Early marmage repeated childbirths and sn
111 balaneed ‘dictary affect both the mother s and the child s health. The
mother in unable to nurse the child properly and artifieinl feed.?]]g 18
oarted early This 1 usually badly dome, rice sweets fats (buffalo
milk) are given the vitnmins are not cumiéered and the protemn intake
1 low The child suffers from gnstro-intestinal Teu and the toxins
that arc absorbed are not properly dealt with by the liver Presumably
an mbomn error renders the liver cells peculiarly vulnerable to toxm  and
they undergo degenerative changes

PATHOLOGY

As a result of the toxic action the liver cells become necrosed and
abeorbed. The healthy cells multiply to replace the loss and there Is
alen a recondan fibrotic change commencing in the cemtre of tho lobule
The fibrous timtue dovelops within the labule between the cells (mter
cellular cirrhoss)  With the eration of the liver cells thero is also
formation of new biliary channe In the advanced stage portal cirrhons
supervenes, with the resultant asctes and jaundice

Blood picture—There is & very distmot microoytic anemis, and a
pronounced leucocytoes The latter 1s usually between 15 and 20 thousand

per :d.x?:m but the normal proportioms of the differential count are main
tnm

SYMPTOMATOLOGY

The onset 13 inmdrou*  During the prodromal stage the cluld although
appenring well nounished, beconws peevish irmtable and refuses food. He
ix conztipated the stools uaﬁin and pasty or muddy There is flatulent
distension of the abdomen. child does not sleep well and has periods
of low fever

The rymptoma may bo absent or may be overlooked, uptil the Liver
becomes large  The liver enlarges pm‘E:m\‘ely it in firm to the toueh
the margm = harp ani it is not ten The spleen is often shightly
~nlarped  The earher mpns and svmptoms become mwre de\'dnged and
the eluld bemne to lowe weight progresively and the skin looks pale du kv
and ieteric

Later the liver Locumes harder and contrasts jaundice and the eon
stitutional symptoms increase and there may be high irregular fever
Graduallv sl the « of portal obstruction become manifest aseftes
develops and the child dies of cholemia or of some eomplication puch a4
broncho- pneumonia

The couree of the fs vanable but on the average it lasts about
18 monthe and unlees edrly treatment is mstituted 1t i alwave fatal
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DIAGNOSIS

Early dingnosie js xmportant if the ctuld s Iife 15 to be saved Peeymh-
ness uritability and loss of weight n a child whose hver appears to be
pamleealy enlarging should be viewed with suspicion particularks if there
18 g family history of children dymg of sumilar illneas g\twvcn the ages of
6 months and three vears A leucocytosms will add to the suspreIon.

Other forms of liver enla ent must be excluded amabic hepatits
or absceas eause pain and tenderness and is uncommon 1n a oung child
the absence of parasites, the leucocytosis and a negative aldehyde test
will exoinde malara and hala asar loukmmis and van Jaksch s disease will
bo excluded by the blood count Hodgkin's disenso by the absence of en
Iarged glands ‘richets by the absenee of the bony changes and congenttal
eyplulis by the absence of stigmata and by a negative Wassermamn
reaction,

Prevention —The measures consist of — )

(a) If one or mors cluldren 1a o family have had tho diseass and perhape died,
an expectant mother with any young children may be advieed to Jeave
the endemic area

(b) Bﬁu pregnancies and geners! attention to the bealth of the prospectre
mother

(o) Ante- and post-natal eare
(@ :dwd{ﬁ on :g t&: u‘}-‘f:nta diet m?hmmm of breast ferding with -mnﬂaw
elpemllv L3 pmpeﬂy
regim;mi.f artificial fo g has to bo n:oﬂrd 1o and careful avosdance of
exceas of fat and earbohydrates,

Treatment —Diet 18 the most mmportant part of the treatment.
Excess of fat being detrimental to the Iner funcnP:n this element should
be omitted ar cut down to the mmmum Carbohydrates arc given o an
earily esumilated form. Restriction of protem 1s not only unnecessary
but Actually harmful Extra protemn 1s given in the form of white of egx
casom, dal and later fieh and chicken if religrous conmderations allow )
Vitamin concentrates, particularly of the B group 1n the form of yeast
should be given Tho fat reduction makes the addition of A and D advie-
able Skimmed milk glucose and fr;libu{ﬁxce !hogd m t}‘w i;a 18 of the
diet as the condition improves, whole milk can bo a slowlv

Drugs.—-Grev mdur with Gregury s powder and rodrum brearboa
ate given two or t times a dav in smtable dotes for the firet lOL:O
15 days will ususlly mprove the bowel condition A vegetable dmm
gogue e¢ lqud kalmeg may be miven m doves of 20 to 30 drops 1n ™2
or o bile preparation.

the
Oth treatment 15 symptomatic iron may be required for
anmmia :mWeth with parncer;tem 3f indieated for the asertes  Iuter

current mfcctions such as ascarls should be suitably treated
A change to A non-endemic area especially a hll climate may be
advisable for enrlicr cases
PROGNOSIS

hild roay
1f ngad dictetie trentment 15 instituted carly the hfo of the e
be unv:d‘.p If Ehowwor m of portsl cirthoms aseites and Ja
appear the outlooh s usually hopeless

The earlior tho age at which the signs appear the worse the prognosis

and & history of the disease m the family is a bad prognostro portent.
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Defininon —Lathynsm is a syndrome of which the most promment
clinical feature is muncular weakness and later spastic paraplegia it
occure  especially dunng tmmee of drought and famme amongst certain
population groups whose staple diet is a vetch Lathyrus in India Bpamn
and eleewhere.

Hirtorical —The condrion wa ns » dietetrs
Indhan medical wniters and later by
definitely amociated with the eatmg of the veteh

its bam’ and m some European countries edicts were proelamed fothiddmg ita
ue. In India the condition w

FPIDEMIOLOGY

The dicare has a) peared 10 eevera! European continental countrics
meluding Franee Italv anl =pam (n Bareelona Cuenca Ciudad Renl
Toledo \alladohd and Malnd provinees) 1n \ mth Afriea  Abyv-smia
Iran and m India (the Central and Umited Province~ Central Indian
State« amnd Bihar 10 particulart  In North Rewah (Central India) in
1921 it wa~ extimated that 6 per cent of the total population of about a
nullion people wert affeetesd have been a number of recent report
of the condition 1n Spain (Junencz Diag ef al 1843 amd Vartiner Almeida
143)

The persons most affected are males between the ages of 15 and 30
that is during the most active period of their lves

It 1 a dicease of famine years and 1t oecura almost exchusively
rmongxt members of the loweat cconomic ela <e« but the individuals

aftected are often well noun Lied since the veteh provide a diet of high
enlarie value

ZTIOLOGY
The actual caue of tle dieare 11 still in doubt. It i» not s pure
deficieney dusase g the clinieal and patbalomeal pictures do not ecineids

with any of the known deficlency states and it 1 confined to certain areas
and exelu velv to peron living on one particular staple diet namely the
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vetch Lathyrus  In India Lathyrus sating locally known as Lk
4,

18 merunnated but in other countries £, cie ol
comuéon votches used cicera ond L clymenum are the

n the other hand 1t 1s almost certainly not & pure food mtaxdeat
for the vetch is used by many peoplo as a staple diet nndbynmﬁ'
wider group as an additional item i the diet without causing any of the
symptoms of lath,

There seem to be three posmbilitics —

(@) That 1t Is caused by toxms derived from Lathyrus safiva which has
been grown under certain apecizl conditions or which has undergono eertain
olmngv;ia after haresting, through having been hept m damp storage for
cxample

(b) That it is due to contamination of the Lathyrus erop by some
other vetch, e g Vicia satwa locally known as alta, that 1s not casily dis-
tmguished from Lathyrus sativa and which erther normally or under speelal
croumstances Iy toxo

(c) That the disease 18 a oonditioned tomlltgv, that is to m{uhthe
pathological changes are caused by n toxin 1n Lathyrus or less probably
o some common contaminant of the Lathyrus crop, In the absence of some
vitamin or other food factor that normally neutralizes its effect. Thu
hes for some timo been the present wnter’s interpretation of some of the
apparently contradistory obaervations g the mtiology of this disease
m India the recent work of Jiméner Dfas nnd others (1843) in Spal
seems to provide considerable support for this hypothesis

Tomma were molated from the germimating La saliwa by Acton and
Chopre (1022) and from Vica achvs var anguely Howard and
Sumonsen (1625) havo wolated & taxia bese diviclne which has the p of
an alialoid and which will cause changes in the etmtral narvous system in expen-
mental anmals. In Todm  the wderuologleal and evidence
inmmlnntmx.ugﬂ:emohmdlal satitn and on the other the coats

vetch both enscs con ctorv

By feeding monkeys on puro mmplos of thyrus peas  Stockman (169 =

‘Glasgow uced o tom) spartic paralyme that was very mmilar to the more

Lll::yrhmob-ervodinmm. Gelger Bt and Parsons
(1933) produced Iamcness, spinal eurvature and bone changes in mis by feﬂﬁl‘{dl
them '.ot.baox?.amnfzsperce::tnudwpw.-ru.-ntof'.l:»eirdlm.,ouﬂm-techum
Lathyrus odoratus tho sweet-pesa 1n  the latter experiments,

ted but
percontage of the the greater tho dimbility which was not preven
degree the glving of cod-liver ofl coincidentally
reduIc:im)‘nm Flkcn’n' (1843) produced u similar condition m raty by the cold-water

extract of the eweet-pen the rafs were not protected by the sddition af vtemn C
to thelr dist doe
&nes Diax and eo-workers (1843) have conecluded that the comdition »
to vﬂ‘ In q‘mmhﬁel of the vetch Lathyras to the evcludon of o(b::ﬁd';‘"
iﬁ‘mnmmﬂnumw-mmwmm
thers exists & water-soluble thermostable substance that If taken in :Mnut Y
amount will antagonize the vetch tovin, This antegonwstic subetence a0t .
vitamin and can apparently be synthesized lllzn:fmn animals {but not by
the horse) and is present m mo<t food of & onfn Tocted
i The horso is apparently the only other mammal commonly affee
in nature.
PATHOLOGQY
t
Degenerntive changes have been reported in the cfnc)ﬁued tm:s(z nm
pyramidal tracts and in _tho eolumn of Goll The A con mrcpo
ecrebrospinal fluid 1s normal but an increaze of protein has boen

SYMPTOMATOLOGY
The condition appears usually after the patient has be:nomgnwﬂ;f
criminated diet for twe or more months Prodromal 'ymPThe P
E«tmg of numbness tingling or formieation ocessiopally oceur
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13 usually very sudden and may be associated with fever and chilla or it
msy follow exhaustion and exposure, It scems questionablo whether the
fever which has been reported in ecrtain ca s 18 part of the syndrome or
whether it is the precipitating factor The common history 1a that after
a peniod of rest following o day s work or after a more prolonged period
’n bed as a resalt of iliness the patient finds that he s unable to rise or
that his museles are so weakh and tremulous that he ean walk only with
dificulty The maximum disability 1s usually rcached within a {ew days
the fever and eonstitutional symptoms may subside but there i seldom
ant 1egreseion 10 the nervous and mureular involvement which 1 uallv

permanent

The fally-developed clinieal pleturo 15 that of o spastic paraplepin
The knee and ankle jerks are exaggerated and there 14 ankle clonus and
oxtensor plantar responec  The feet are extended the knees flexed and the
legs adducted m varying degrees  The muscles of the lower limbs mav
hecome wasted through ﬁ\ﬂm The upper limbx usually excape entirelv
and in fact often ehow development on account of the extra work
thrown on to them. e sensation and the wphineters are usually
unaflected but the sexual powers mav be mfmblc?

A0

Fywes 13

The gast 1 characterstic  The legree of disabiht; depends on the
oxtent of the damage Tlre four grader shown m figure 1}73 are ?;i.
In the first grade of disabality the patient walks stiffly on the ball of his
toes tilting the pelvis to rmme the feet from the ground. In the wecond
grade m crder to compensate for complete absence of active flexion he
has to tilt his pelvis #0 much that 1t 1 diffieult to maintamn balanee without
astick  In the third grade the adduction 18 so marked that each erreum-
duetion of the leg ends 10 a seireor leg position which necemsitates the even
.u?fm-v. of two eticks to keep the patient ereet In the last grade the
ﬁk:tu? mble log;&nlk \gnhgnl;f but pro‘:rum in a sitting by
e 7 % el m !
lmttn&k he Lody ds nod bally of the feet and shuffimg the

PREVENTION AND TREATMENT

All wearures to discourage the ure of Lathynu
be taken  There will amount to nnti—fumm% wﬂlnlup{;}diﬁllmﬁuﬁ
schernen and In & better distnibution of other etapls foods during rﬁg of
drought for exmmn Much has been achieved on the<e hﬂt‘lpleﬂ recent
ears in India  When the toxic substance and/or the hypothetieal antagon
ic substance have been identified it will probably be ponible o take
mare epecific wearures but it has been showp that a high protemn diet
farpely of animal oripm will usually arrest though not reverse the
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E:t.hogemc processes  There 1s little evidence that any mpr
obtained by treatment, when parcsis has developed

PROGNOSIS
The vital functions arc not invelved and the expeetation
direetly affected but the patients nho are mostly of tho une
cultural class beeome dependent on chanty for their subsistc
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Introduction.—It seems desirable that this subject should be given a
reparate chapter if for no other reason than to emphasize the facts that
m the tropics as in temperate climates anemia s a symptom and oot a
cisease, that with the possible exception of fever 1t is the moat common
symptom of disenses cularly associated wath tropieal eonditions but
that there is little evidence that the tropical climate per se is ever directly
respontible for answemua in the human subjeet liring on an adequate diet

surpnangdy Dittle attention was paid to thi  subjert prior the

hematological renaissance of the third decade of the present cent s
revival of interest that was initiated by the mntroduetion of liver in the
treatment of pemicious anemia  Previcus to this 1t was generally asrurmed
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that the hemoglobin level of both the naties of, and of the sojourner or
rcttler 1 tropleal countnes war much below that of residenta 1n temperate
olimates it was vaguely assumed that this was due to the d
effects of heat’ but no attempt was made to measure the extent of thig
‘ tropical anmmia nor even to confirm its emstence When n 1033 the
present writer was asked to investigate for the Indian Tes Amsociatin
the causes of gros anemia amongst certam groups of tos-cstate labouren,
ho failed to find anv reliable data regngdm the normal blood levels of
not only theafopn]atmn groups With which %e waa concerned but of any
other tropical population groups In tlus matter tropieal medieme
was only a little way behind medieme 1 temperate countries where
Wintrobe Haden and Osgood m Amerca Witts and Price-Jones in
England and others 1n these and other countries were trying to elear up
the confusion that existed regarding normal luemoglobin standards. Thu
confusion was due mainly to the inadequacy of the apparatos used for
estimating hemoglobin and to the unsatisfactory praetice of mgr?h]g
results as a percentage of a vanable and unknown normal stan L
that the results of different workers were not comparable. However
during the last decade figures from manv ources have become available
some of which are quoted below

Normal hamoglobin levels.—It hes been found that in almost every
nstance, whenever ansmia producing infections and gross dietary defi
ciencies ean be excluded, the normal hmmoglobin levels in the different
age and sex groups 1n tropicel countries are not mgnificantly lower than
those of the corresponding groups 1n temperate climates. In the ease of
the European sojourner in India we found that the normal mean was
distinetly higher than that of the standards given 1n Britieh and Ameriean
textbooks for example the normal for men was sbout 17 grammes of
hemoglobin per 100 e mm (124 per cent on the Haldane scale)

Normal standards of healthy native populations

Subjects and Nunbser tandard Authonty
orom | M| Se | gt dend

|

38,
Students Bombay | M 121 1537 090 Bokboy cl aJDﬁW

; IC]e-rhlnddocton M 20 1570 =091 Napler and
cutta I
tuden 101 {1299 130|8okbev ot al,
: g: " Bomb:;ye( g 128 1263 = 101 | Napler l}é‘dr-m and Dis
\14-30 Colent M 1560 g’huh, and Britton, 163%
g Britam F 1gg J“%:iwy nml:l Batton, 1
" 61 1
8 ‘m ggf %‘{ l "3 1400 lWlntrube 1633,
by

force groups mueh
On the other hand we found that m oertain labour vl
lower mormal levcls of hmmnoglobin often exsted l‘gg;lrl“)c; ?::-cg:tate
from & manganese mme where mdlana wag endemic l:n

labour forces whers both hookworm mfection and ma mufwerf:t dge e
the subjects were ordmary workers selected at mgd%% cggﬂuwgmﬂmm
(clmically) enemic indrviduals had beon excluded. e f?:a arantls
recrults were mostly under nourithed but thowed po vy

infection.
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Data from sub standard populations

}.\Ita and
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1
]

1080 =230

THE CAUSES OF ANZEMIA IN THE TROPICS

From the data given above it will bs clear that climate per se does
not causs anwmis  \What then are the causes of anmmin in the troples ?
Thi anemis vanes in its degree and naturo m much the same way as
does the anrmia that occurs In tempergte ehmates and it s susceptible to
classification along the eame lines.

Classifiauon of anxmia —The causes of anemis will be appreciated
best 1f one remembers that the red blood corpuscles are lfke paper
currency they are continuously belng put into circulation they eirculate
for a time and eventually they wear out and have to be wmithdrawn In
the crroulation of the aversge man there are about twenty five milllon
red cells and the duration of the lLfe of a red cell is probably om
the average about 76 daye which means that m order to maintan the
circulatmg red cells at a constant lovel about thrrty three thousand
million new red cells have to be produced by the hemopotetic tizsues dailv
to replace the thirty three thousand mullion obsolete ones that disintegrate
or are otherwise withdrawn and dispoeed of by the hemolytic tissues
Production and destruction have to be balanced and any blood loss from
the errculation has to be made good The body 15 capable of conuderable
adaptation but if there is failure of produchon{ if there is exressive des-
truetion or if there is any conmderable loss of blood ansrma must eventn

ally result therefore may beca/u?sed‘b{ {a) errors of erythrocenesis
(b) Jose of elreula Joad or (c) errors of erythrolysis and it will be
convenent 1o € y the cause of anemia under these threée major headings

The following table (Napier 1036) nives a pathogenetic classifieation
of the anmmins 1n genersl with examples of recogmzcd syndromes m which
the ansmia of each particular up occurs Many of these examplea
are coimod politan diseases but wherever appropniate a tropleal disease 1a
neluded

Specific cavaes of anemia in the tropica—These are (a) nfeetion
(b dietary deficiencies or more eommonlv a combination of these two
caures and (c) congenital defects It will be convenient to conmder the
eubject under these three headings wath the full appreelation of the faet
that the divimon is an artificial one

In the approprate places in this book referenec has usually been
made to the blood picture in the diseases 1n which anemuis is & prominent

vinjRom  but it will be worth reconsidering the subject trere

ANAMIA DUE TO INFECTIONS

Malana —This 1 probably the most important source of anemia m
the tropier  The most obvious cau e of the anwmia is the destruction
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778 ANZEMIA IN THE TROPICS

of the red cells by the parasite that 1s it 38 a hemof
due to the error of Iyps OIA (1) in tbely:&:nglof l‘mﬁ
but there is evidence t the enmmls 15 disproportionate to thec;:ﬁ
g:m:thahon, 0 that some additional explanstion for the anemi st
found. Certain obaervations est that there Is a toxm which depresses
blood formation as long as the maianu infeotion is uncontrolled, so that
3t must eleo bo classified as & tomo hypoplestis anemip IA () (&) on the
€. >
Further when there 18 very extenmive red cell destructi especially
if the patient has been repeatedly subjested to thess uﬂaok:n the_blood
forming mmatena} stored i the ﬁody becomes exhausted. Mest of the
ron 18 gtofed snd Te Gtiized but some of the other” heiiopolets elements
apparently need replenishing, 1n such cases s macloeyHoe anemia soms-
times develops which does not improve apontaneously sas the anesms of
usually does once the mfection 18 under control but responds
meedmt.eldy with e sharp reticulocytosis when liver t 13 gven
This would bring the anemia into the group of relative qr ‘ concitianed
nutritional dysplasias IB (x) (b) (8)

It 18 frequently stated that the anmmia of chronic 1nslara 1 s
hypoohromie microcytic ansrua  While the wrter believes that thy 1
hrghely a mconception through the frequent association of chronfo malaris
with other anemia producing condrtions eg hookworm disesse and
dietary deficienoy, there is one possibla source of won loes that should not
be overlooked namely the fixation of hematin mn the form of insoluble
hsmsagoin ent. 1t is therefore possible that tn some persons on s low
iron mtake source of loas may upsst the iron balance and introduse
an ron-defictency element mnto the anemiz 1B (§) (b)

Finally in certain persons subjected to malarial infeotion for many
{mru through constant stimulation there 15_&n overgrowth of the hemo-
dvtxo tissues In the body, ag 1 the spleen leading to a constant excessrre

catriction of red cells this places Lﬁe sn@mia in group IIIB

One might expect the anemia of blackwater fever to show an won-
deficieney element m view of the loss of hemoglobm that cocurs through
the kidneys Bg{menﬂy however the amount thus lost 1f it 1s insufiesnt
to do irreparable damage to the kidney end lsll the patient doce not
constituts & serous iron loss ko thai this clement 1o the anemis u
oveétshadowed and a macrocytic anerua that often neeesmiates the
admunistration of liver extract (the conditioned nutntionsl dysplase
mentwoned above) 1s the more usual result of a blackwater fever attack.

It 1s thus apparent that the apmmua of malarn 1s very complex and
1t 18 perhaps not surprising that writers have been relustant to commrt
themselves to & clear cut statement as to what 1s the charaeterubic
aneous of this disease

In the malanal attack mn the partwlly mmune therc 15 often Trtﬂ7
evidence of ansmis, which suggests that some immuuity to the malarit
toxin develo; 16 such a person is mven specific trestment for the
melana immediately the anerma eon ususily wgnored  However 10
the non ymmune adult and in children anmmia 1 fairly constant

The degree of the ansmua will naturally vary with the cmmstmcezt
In a ssvere malignant terhan (joloporwm) attack that s not "’m&ho
rapidly under control the red cells may be reducﬁtlia?g'“ntluﬂ}\;?;‘:m
mullions oube millimetre 1o a few days, orm 2
me fuwpl:ruura but the reduction 1s umuljy far mare gradual and seldom

extreme.
© Teeatment —In the well nourished persen with an acute M
atinch return to normal is umually epontancous once the
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destruction and the toxin production censes When in such a ease the
heemoglobln fails to return to normal and there is a persistent reticulo-
cytosis an early rela of malaria may usually be antieipated the
recogmition of thia mml anomia is sometimes of diagnoetic value when
malarin parasites are seanty In the ill nourished and debilitated, it may
be neceseary to supply rome of the blead forming elements in the form
of liver extract marmito and cven iron to ensure an early return to
normal If the patient has been subjected to repeated attacks over a long
period the hemolytic tistues are hypertrophied and disorganized and in
arder to adjurt the dyscrasia and balanee hermopolesis whole lrver prineiple
{crude liver extraet) may have to be given as in the previous case And
finally In extreme cases 1t may bo advisablo to remove or put out of action &
large portion of tho reticulo-endothelial syatem by removing the apleen or
tying the splenic artery

Ankylostomians —This is probably the sccond moxt important source
of a m the tropies The cause is almoat entirely blood loea from
the bowel as & result of the profigate blood sucking by the adult worm
this makes ¥ » true chronle stcondary anmmia IID, which is usually
markedly microcytic and hypochromie. In heavy infectlons no amount of
dietary imn 18 sufficient to compeneate for the iron loss but in moderate
infectfons, the loss of blood 18 such that it could be compensated for if the
mdividual were on good iron intake but when the subject 15 taking a diet
containi.u& only the minmmal iron requirements this extra loss is sufficient
o upset the balance and produce an anemia that ean be elassed as & condi
toned ron-deficlency anmemia, IB (1) (b)

However even when an excess of iron ia given there are some instances
m which the hemoglobin level dots not reach normal, so that there is
Knib}y a toxic element also m this anemia which would place 1t 1n group

() (a) The degres of anemia may be very extreme and there are
few eonditions other than ankylostomiasis and hemorrthage that will pro-
duce & mierocytic hypothromio anmmia of this degree when the hamoglobm
18 an low ax 2 grammes per 100 cem 10 & patient obviously not i extremas
this infection thould always be suspected.

Return to the normal hemoglobin level follows adeqguate iron admmis-
tration even without worm removal except in the few instances referred
to above. The worms must however be removed or the anemia w»mit
return (see ANKYLOSTOMIAEIS

‘The most striking pathological reaction in this infeetion
is & very considerable liferation of the reticulo-endothelial timsue
throughout the body ?a_pmh!muon is very promounced in the bome
marrow and in that conflied space 1t crowds out and depresser the activity
of the haxmopoietic tresue, this places the anemis In group IA ()

On the other hand, the ae vity of the maecrophages 15 stimulated so
that they phngl:gtw red cells actively and excesmnvely The fact that
the yan den B reaction 1a ly_pogtive, and that theré 1 a distinet
rdiculnfﬁé_mmuu ruggerts thay this second cause of the anm
£roup is not & neghgible one” Ofher posible eauses of anwmia
in kalfi Btdr aro toxie depreasion of the bone marrow and hiver dysfunction,

Toler Tlﬁc treatment for Lala azar the rcticuloevtes rcturn to
normal and there {s a steady improvement in the blood picture but the
normal may not be reached for several weeks The istration of
homatinies does not usunlly caure any material ineresss in the rate of
improvement.

Oroya fever —The anemia in this eonditien parallels that of matana
and i« mamly duc to the paraatization of the red cells hLowever the
mechaniam s b htly different as the bartcnella infection doe- not
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apparently canse the red cell to rupture and dmntegrate but d it oo
]t:%f\ {(twl)! phagocytosed premoturely This anemix ts thus med u

Trypagosomians.—Anmmin 1s not
of thorgfm-.se, and any enmmia th?x% m\neuu;:'lyum};;::ﬂbg %tﬁ?ﬁ
Ia the later stages in native patients 1t in often very strikmg and o
feruunly mginlydlgutm:ozlhm ongn This class of patient becoms
ethargio and indifferen 18 dietary lacks energy
work to earn his food, nesds, and the b

Acute febrile conditions —The mechanism of the anmmia
clear ur most of thess conditions though a dmofm&mia::oué;::’
One must conclude that the ansemig 18 malnly due to s_toms hypoplasia
1A () (a)

In the typhus fevers anmma is not usually prominent but 1t may
be conmdersble after a severe attack of Rocky Mountain ted fever
this 18 probably due to the cxtenmve hmmorrhages that are likely to oot
and it can be lncedlntfm;pIIC

In yellow jever, Weils discase and relapning fever agmn snem h
not usually prominent The jaundice that ocours 1s not hemolyte m
ongin but hepatie, and 1t ia due to the failure of the liver eela
In dispoming of the products of ths normal quota of destroyed red cefls
Buch anmmis as occurs must alto be toxic 1 ongmn.

In brucsllons the anemia may be conmderable in propartion to the
soverity of the disease ‘This suggests that there s a specific astion by
the bacterial toxms on the hemopoetic tiesues and the anrmis must be
grouped as JA (v) (a)

Dysentery —Any savere dysentery whether 1t i caused by bacters
protosoa or metatoa may produce an anmmia of the true eecondary type
that is due to loss of blood IIB  This of course may be scute but i
is more frequently subacute or chronie

In the later stages of these infections the anemin is due mainly to
malabsorption 1t 18 & nutritional dysplasia IB either sub-group (9 (o)
or (fi} (6) usually both elements being apparent.

In chronie amcebinge, 1t has boen suggested that the anmmia is due
to toxie absorption from the ntestinal tract, but the evidence for this
not entirely satiafactory this would place 1t m group 1A (1)

The anemia of ameble hepatitls and liver & is often very
marked 1t is ususlly normocytic or macrooytie It can be clamfied 84
IB (4) (d) As the bowel condition improves the blood pieture mﬂﬂ'ﬂl
slowly o normal but the rate of improvement Is accelerated considerably
by the adminutration of liver extract and i some casds ths must be con-
gidered an essential part of the treatment.

Other belminthic infections.—~Diphyllobothrum latum b:ihgfw
reputed to cause a pernfolous ansmia like anemia but the causal ot
ship of this worm to the anemin 18 stall in question. However
that is capable of causing & maerocytic anmmia in expermmental “'f::m
has been 1solated from this worm it 18 thelriloa p?u?lb\e that {bs &

astic \ama of toxle origin, ) (o
s & hypoplest dy‘ppmdueou ia of the dary type byﬂ““&‘
blood loss in the bowel and bladder but there is evidence that h?ic:ze-
2re capable of causmg some anmmin by thelr toxms 1 the ear i
of the infection, and in the later stages by the damage to the b"“l'm and
will cause failure of an abeorption of essential hmmopotetic substan
to the liver whish will cause failure of their storage
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AN/EMIA DUE TO DIETARY DEFICIENCIES

Tropical macrocytic anzemia

History —In 1020 under the title malignant anmmia of the tropics
Mackie drow attention to an anemle which he had obeerved twenty
s earlier that was common amongst both men and women In Bombay
%:n years Iater Wills (1931) showed that a macrocytie anemia which
was particularly common mmongst pregnant women but which slso
oecurred in non pregnant women, was curable by the oral administration
of autolysed ycm {marmite) Bho called the condition tropical macro-
¢ytio anwmia® and conmdered that it was primarily a nutritional condition.
These two writers were obviously describing the same condition
Mackie who was wnting his from notes that he had made many
years before, did not give muc\gan tho way of hmmatological data except
rqinrdlng the degrec of the anmmia the atatement that in about
half the cases the colour index was above unity but Wills claimed that
her anwmia was 8 mnnrmﬂu non-hemolytic anemia
Napler (1036) pointed out that all macrocytic ansmias oocurring in
the tropies and responding to marmite or liver extract were not the same
and that there was a hremolytic typs of maarocytic anwmia that was
usually associated with 'a large spleen posmbly of malarial origin  Fairley
and co-workers (1838) reporting obeervations in Macedonia, suggested the
name gputntignal macrotytic anemia and conflrmed the observation that
there was s hamolytic and a non hamolytic type It was shown that
this anemia did nat respond—in the way that pernicious ansmin does—
1o moderate dores of punfied hiver extraet, eg anshemin (Napier 1933
Wills and Evens 1938) but later 1t was found that there may be
a briek 1o large doecs of analemin (Napier 1838 Foy and
hond: 1938) Bubsequently workers i many tropleal countries described
macrocytiec forms of anemia that were distinguisheble from permicious
anxmia on the one hand and sprue on the other
Znology —It Is porddble that in o few instances tropical o
anmmia (’I?ZA) in a pure dietary deficiency but thers is strong evidenco
that, in the majority of cases it 18 8 conditioned deflcien n which
bowel disorder malaria and other infections play & part. e deficient
nﬁxbﬂmcﬁl hes xaot bembizéjnﬂﬂed, b\::nit uf associated wﬁtah the
. ex and 1a probebly not a e fraction [sea (]
(b) I(g) in clnsafﬁ ! ¢ 9

com)
cation tabls]
ieal macrocytis anmmia hemolytica there 1 slways a his

of repeated attacks of malara in childhood and adolescence and there
usually a large splecen  Apparently thero in gveraction of the hemolytie
tissoy which dertroy red cells in excess thess have to be replaced, so
fint-there is & greater demand for hwmopoletic rubstances than ean be
met by the low dietary intake of the patient and relative putritional
anemia devclo‘ia The 1won is recovered and re-utilized, so that the
anrmua iy of the macrocytic type this ansmia ean be classed ag IIIB
(sce 'It‘::‘?)

pical maeroeytlo anmmia of pregnaney oecurs amongst women of
the poor-dietary elasses usually with a previous history of tery and/or
malaris they are mostly vegetarians whose protemn intake is low and
though a particularly low vitamin B complex intake has not always been
demonstrated, a marked fmprovement sometimes follows the admunistra
tion of thi vitamin In the form of marmite Howmever the absencs of
any appreciable in the pretence of the fmtus and the rapid
recovery in all eratelv tevere cawes after its removal at term o
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Pre.maturc]y mﬁeﬂ tho posmble acty regnancy toxin
conglxt;xoo&ed deficiency sction of & p v producing a

er suggestion 1s that it is a relative defiesen koown
to occur in the case of iron daﬁoienuympregmn:yw%k;ﬁn%utth
m“a are not parallel becauso the infantile mortality is very high i
SMA s eistmg that the {g?tus ‘ahg su]f‘im from n deficlency whereas

clency anmmua, the mfant takes all th Tequires
the mfantile mortality 15 low o fron i d

to summarige tropical macrocytic anemia may be (3 o
dietary deficiency, (u) it mey be due to a combination ofya poa(r)dktﬁ
poor absorption when 1t 18 associated with a definite bowel syndrome such
2s sprue or para-sprue (ni) it may bo dus to a combiation of a poor
diet and repeated malarial infections, or {1v) it may be due to the super
afldti:mn of pregnancy to any of these thres causes or-io any combmatim
of them.

Epidemiology —Since this condition was first described several
instances of the pregnancy form have been reported from tempersts
countries but it 18 nevertheless ementially & disease of baekward tropieal
countries. It has been shown to be prevalent n India Malaya, tropical
Africn the West Indies and South Amencs and will probably be fownd
to oceur 1n every tropical country where 1t is sought.

It ocours mainly in the poor economie clasees of the natives ar settlen
in tropical countries It msy ocour at almost any age, but 1t is more
common in late adolescence and early adult life and parily becauss of
the aesomation with pregnancy 18 more common amongst women thsn
men but 1t ocours in both sexes, It was more frequently observed m
first and second pregnancies.

The condition shows seasonal varistions. It was more prevalent in
the second half of the year in India ths a;zgeamd to be carrelated with
the lack of fresh vegetables and fish durlng the hot weather and monsoon
(Apnl to October)

Pathology —Qur knowledge of the morbid anatomy of this condition
18 very poor and m the few post mortem examinations that have been
performed the associated disense clouded the picture

Blood picture.—The anmmia may be extreme snd figures es fow &
600,000 red cells per c.mm. and 2 grammes of hemoglobin per 100 e.cm
of blood are sgmetimes recorded though in the majorty of cases the red
cell count will not be much below 2000000 per cmm. The red cells are
macrooytic usually between 100 and 150 o 4 the mean
volume is usually botween 30 and 40 yy and tho mean
hemoglobm concentration between 83 and 87 per cent, so that the nnmg
is ordinarily & normochromic cne. The Price-Jones curve wnhmﬂdm
the nght but 1t tends to retam its normal shape and {s not usually & "
spread-out ourve like that of permoious anemus. Polychromana k‘end.
anmacytosa are usually obaerved but are not partioularly mar
Normoblasts may be found but not megaloblasta. fom

Reticulooytes will average about b par cent m the hemolytia
but wll not be above 1 or 2 per cent in the other forma. The

The leucocyte count is usually normal or slightly ralsed. be
weiﬁhted mean of the modi?eld A;geth count s below 20 ~ There may
a t relative inorease of lymphooytes.

Ign}] the non hmmolytie forms the van den Bergh test will be:w&clg:
but in the hemalytio forma the indirect van den Bergh test prgde
10 milhgramme or more of bilirubin per 100 e.cm and 1n severs
tho direct van den Bergh test may also be positive



ANZMIA DUE TO DIETART DEFICIENCIEA 783

The sternal puncture does not usually show the presence of true
bemoglobinized megaloblasts (Ehrlich's) but there is a considerable
merease in the tn{m of basophilie non hemoglobinized primitive red
cells with ﬂnemp ed highly-staining nucler often referred to 8a
megaloblasts.

Gastrie aadity —Acid 1= usually present but in the majonty of cosex
there is eome degree of b hlorhydna

Symptomatology —The clmical pieture naturally venes with the
degree of tho dyscrasin and the symptoms arc basically thome of any
anemin lack of cnergy breathleseness and palpitation on slight exertion
pallor and swelling of the feet. In this condition, the conjunctiva some-
times sliow a sub-icteric tinge and the mucou membranes are a faint lemon
colour rather than the alabaster white of tho patient with hypoc!
iron-deficiency ansemia The tonguo may bo soro and slightly denuded
bt the fery red tongue of the pornlelous anemia patient ia rare  There
may bo eardiae dilatation and hemio murmurs but these are less pro-
nounced than they would be 1n & case of iron-deficiency anwemia of the
same teventy  The pulec rate is usually rapd but fever is unusual.

In the hermolytio cases the spleen (usually) and the liver (often) are

a

e tyical clinical pleture will usually be overshadowed by the
determining factor (eg bowel disorder and/or pregnaney) or other nsso-
ciated conditions

Diagnoss.—Tropieal macrocytic anemia hes to be differentiated
(a) from pernicious anemia and (b) from end pars-sprue.

{a) Pemnicious anerua which inciden 1s rare in true natives of
the tropies can be excluded by the presenee of hydroshlome acid m the
gastrie juce, by the absence of hemoglobinized megaloblasts in the sternal
puncture smear and by the abesnes of #) rints reﬁmluci'ta TeIpOnSS
to refined hiver extract (anahemin) in ordinary doses as well ay by the
nhamuofmnnydgmnndtymptam:ofthetrue[xa’n}ehmnmh
eyndrome, eg the raw beef tongue (very rare in TMA) and the neuro-
logical symptoms.

(b) Sprue and para sprus can be excluded by the absence of the full
eyndrome of either of thess conditions. It seems very probable that in
man{_lena of aprue the anemia has the same stiology as that of TAIA,
tt TMA 12 not o conetant part of the eprue syndrome nor are most of
the symptoms of sprue present in the majority of cases of TMA. The
same is true with regard to para-sprue.

Prevennon and treatment.—The disease does not octur amongst
people living on a good mixed diet containing a luﬂ:lcney (100 grammes
a day) of protein and an adequate amount of all the vitamins even 1n
the ce of the other mtiologueal factors

E;Ee treatment in the uncomplicated case 13 the pronsion of the
missing fraction  Mppmite (vegex), or some other form orlutoly!ed y
should be given In generous amotnti, 30 gramméy & day Thu A!onee:!&i
effect & cure in & number of cares but it is often ult to persuade &
patient o take this amount, and there are cases which do not appear to
respond therefore whale liver (Lightly cooked) liver roup, or liver extract
should be given as well. Some patients respond best to oral admunistration,
others to parenteral. Campolon was I the_writer's experience far
better than_any_other_liver extract for paremteral wse. The refiged

Thu b pot mow  ailable and
naly the ooy {ra no commeroml pubshitut  appean to contain
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.beaﬂ'(ap anshmmin) bave to be given m largs doses (200 mg. daily)

When pregnancy 1s the determining factor marmt d liver extract
ould be given in generous doses buttherespomema;gdh:\:pmmhg
il pregnancy 1s ted In severe cases, and even in moderstely
;ﬂr‘émouu or to parturition a blood transfumon will help to tide over

In the hmmolytic form anti malarial treatment will not urnally
hieve anything as the nfection not be active but reduction of the
molytie bed removal of the spleen, or by tying the splenjs artery,
ten produces a _conmderabls improvement.

Prognosis —In the_pure dj ~defictency eases this exoel]u}t, bat

the ‘oconditioned cases, this depend on the oom acker
pregmnolyifTMAiadmgnwedeaﬂyandtmutedw o
len poamble

tomrrypmgnanm;ﬁ'tofuﬂwrm. Later unjess the patent
very near full term it 18 y 1mpoesible to effect nnprovement with-
t inducing abortion or premature labour In Very EeVere cases, oven
is may be unsuccessful The mfantile mortality is very high it was
per cent m one eeries (Napier Edwards and Das Gupta loc. cit)

In the hmmolytio cases repeatsd relapss 1s common and the prognosis
on the whole not good.

SPRUB

————

While the exact mtiology of this disease 18 still in doubt, it is
nost certainly not due to a ¢ wfection 1t is now usually classi
d as n dietary diseasc but the wrrter believes that 1t has its bams
xlz:bwtnbomrfti T o txA;lLl:‘IToud-'i‘url:hﬁg e o Dbty

on of essen ements  espec [
duamopa stm_)px(-n;ciple The ansnus 1s usually macrocytie al;]?itchd-
as IB (1) (o —_————

This anmmia may respond to liver extract by mouth, b uch
e satisfactory 18 usually obtained when liver extra,
renterally and 1n fact in some cases this seems to tip the
use & complete remwaion of all symptoms although in
veloped syndrome dietetic treatment alto 18 nesessary

e
23

ANZEMIA DUE TO CONGHENITAL DEFECTS

Sickle-selled anzmia which is confined to negroes though most of the
1dies of this dusease have been made m North America amongst ﬂ;;
tled negroes 1n that country, is perhape the moat strikmg efnﬂ:llﬂe
tropical anmma of congenital Cooley’s ansrmua has lesa nlnhnm
be considered tropical this dmeass agam has been studied mninlyew
» United States but nearly all the subjects have been of Mad:tenﬂﬁaw
xk, Italan G Ameriean and Syrian. However several eases hae
en reported from India. Reference uhou]%ypﬁnpambom:g;dg e

this diseass occurs mainly, possib ¥
cfl?lm;ock of cold counties but ft ususlly dovelops when the subject
in & tropical climate.
“A ghort dgwunption of the former two condibans wll be m:*ﬁdw

Sickle-celled anemia—This disease must not be wufmdmh p
klo-cell trait, a condrtion relatively %mon et al. 195)
Emlioﬁk,occnrrmgmﬂipercentofsml-ubity (eey ot trans-

nocemarily ted with any
%te?iotbemiltarﬂy nﬁdsommant_gimdelmn‘chmctm{ﬁp,
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Siekle-celled anmmia oecurs in about 1 m 40 n with the mekle-
cell trait. Few outhentic cases have been reported m persons without
aome admixture of negro blood. The condition has been diagnosed during
the first year of hfo most patients como under observation during the
firt two decades and thev eeldom mirvive tho thurd decade

Pathogenests —The mckling phenomenon 1s associated with reduction
of the hemoglobn m the eell = witro and apparently tn two as for
example when a local nnoxemia b caured by eonstriction of & finger, the
shape of the red cell ean bo restored by oxygenation of the blood en
this occurs 1n the tissues stasis results and occlusion may follow Many
of tho svmptoms for example pain in tho spleen and clsewhere heart
changes, eecondary pulmonary changes and uleeration 1n the leg may be
eaured by vascular octlusion In different organa and tissues The eom-
pensatory hyperplama of the bone marrow will account for the bony

chanpes

The hemolytic blood picture and the anemia are caused by the early
hemohvm of the defectine sickle eclls which in turn leada to the vicious
cycle of anoxemis and further sickling This anemin may bo classified
as TIIA (D)

Blood picture.—The red cella arc reduced to 2,000,000 or even 1,000 000
per c.mm  and the hemoglobin percentage proportionately The mean mze
and colour of the cells are usually withm the normal range though there
are almost always both macrocytes and micmc%u present.  The reticulo-
cyte percentage 1y between § and 25 per cent.  Normoblasts are comtautl]y
present from 1 to 10 per 100 leucocytes ‘There are usually a few aickle
celle preeent but 1f a ecaled wet preparation 18 made the majority of the
;ells will develop into the aickle or some other bizarre ehape withm a

ew hours

There 15 & loucocytoms with a large mononuclear increate and a left
ward ahift in the Arneth count.

The indirect van den Bergh reaction is strongly positive.

Symptomatology —The patient may suffer from a conslderable degree
of nnmra befors any symptoms develop and there 1x usually a
hmtuﬁ of periodio attacks with periods of symptom free intermismon.

e mam symptoms beyond those direetly attributable to the anemia
nartcely weaknees, and hreathleesness on exertion, are {ever—which may be
a low mregular fever or nee to 103 or so pains n the jomnts pains
the abdomen—that may eimulate an acute abdorminal emergency enlarged
and painful epleen cardine Iilatation vanou  neurologieal mamfeatation
chrome leg uleeration—smmilar to varnicors ulcers and bony deformities—
enbre tibia ecolioms and kyphoms

Roentgenological examination of the bones shows osteoporosia or
ostecoscleroms and har-on-end thickening of the skull  In the retina there
1 & very marked tortuomty of the vereels

Dugnosis.—Siekhng alone 1 not evidence of sickle-celled o
but 1n mckle-celled anwemin if the blood 13 taken from a vemn with an ayr
free syninge (dead space filled with hiquid parafiin) and injected into 10
per cent neutral formaldehyde tn 085 per cent saline 30 to 60 per cent
of the cells will be sickled whereas nnlfr an oceasonal sickled eell will
be found if the patient mumply has the siekle-cell tendeney

Treatment—This 1» svmptomatic only

Prognosts —This 15 alwave bad temporan improvement will often
octur but death usually oceurs within the first three decades

Cooley s anzmia —Thie syndrome has recently been separated from
the more comprehensinve von Jakechy syndrome  As indicated above it
war firrt believed to be confined to individusls of Mediterranean stock
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Wous L. (1830) Treatment of Perniciony Ansmia of Prexmancy
axd Tropheal Atermia  with 8pecial Reference
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doge but was temporanly remtroduced after the firt world war apparently
b;gtha returming ptg\dﬁm dogs which evaded the <}u3mntme regulations
In the United States between fifty and sixty deaths from rabies oteur each
year where the control problem is admittedly n complex one on sccount
of fts many miles of land frontier

There is o popular superstition that the discase is confined fo certain
rensons of the year cspecially the late summer days There ia no statis-
tienl suppart for this belief

Zuology —The ctausal organiam 13 a medium sized filtrable virus
about 125 millimierons in diamecter Eor_infection to occur the virus
must reach the nervo tissue it cannot therefore be transmitted through the
unbroken #kin or mucous membrane,

By repeated sub- of tho wirus directly on to the brain of a
eerics of rabbits or sheep 1t is possible to change an ordimary street
virus with its long and inconstant ncubation period, into a virus with
a fixed incubatlon penod of three to eix days Afler attenuation—by
one of ssveral recognized methods—this fixed virus introduced sub-
cutancously into man 1s usually innocuous but retains its antigenic

]

Most animals are susceptible to infection, but not all are eapable
of transmutting it by their bite 'This is probably true of the large
herbivora that are frequently infected in some countries As far as man
is concerned, dogs, Jackals cats and possibly vampire bats are the only
mportant transmitters of infection though other ammals may act as

onal reservoirs of mfection  In the United States during 1941 out of
7 cases of rabies 6,848 were in dogs  The dog mav have the virus in
its ealiva 8 to 4 days befare symptoms of the disease appear and it
remains infectious untll 1t dies death usually ocewrring within arx davs of
the onret of symptoms

Pathogenesis —The virus spreads up the nerve trunks until it reaches
the cord irom which pomt 1ts spread is both centripetal and centrifugal
Spreading along the efferent nerves the virus reaches the nerve terminals
10 mAny organs m the body and infected nerve ganglia are shed into the
secretory fluids eg the snan_ Symptoms do not appear until the central
nervous system 13 mvolved henes the incubation varies considerably
from under 30 day» to over GO dayw acrording to the distance of the
point of entry from the central nervous &y tem In the bram it produces
an encephalomychtia

Tho most eharactenstie specific changes are produced in the pyramidal
cells of tho hippocampus major where tE:.apenﬁc “egn bodies are most
readily found though they are often present in other nerve eells in the
bramm Nefm bodies are agdopiihic_bodies_obsernied_in the cytoplasm. of
the nerve ganfIIoR Tell they vary consderably in size and shape usually

Tame] VRl \n“!hﬂgt‘ﬁﬂ&ﬂ’fn
‘f:mn AT In Appefrance n}ﬁetgnthbodles °“n%°‘.l‘£r.°"“° structures Tesult
rofiy Th cHnn ol the 0 the virus and are coiiparabletothetmel
bodies tﬁt aTe £6€D ip various parenchvina cells.in other 3 irus Infeétions

Symptomatélogy —The 1neubation period 1 from two weeks (o s
monthr this 1x mfluenced by eeveral factors includmpg the mte of the bite
(11de supra)  The onset is usually preceded by s dav or 50 of malaise
beadache insomnia frmtabilty and sbight fever or the onset may be
fudden, with the development of perniods of restlersness anmiety and byper
cxxitability Breathing Lecomes rapid, and  sir hunger may develop
These periods of excitement alternate with perods of ealm but the former
tend to become Jonger and oon are necompamed by actual mpasms of
musele groupr such as those of deglutition  These spayms are precipitated
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when the patient ettempts to drink, and 1 his thirsty state e

or thought of water mny cause the spasmodic retraction of t.‘h;:uha.ﬁ?:
sertes of jerks Spasms are also precipitated by other stmul such as a
light touch nolso or even air movement. Theso spasma alternate with
peniods of coraplete normahity, when the patient s mind 1s olear and he talky
perfectly rationally about his condition. Later the spasms are replaced
entire] el:f' g&mlym which i at first local but eventually becomes
generalis weating and sahivation are mereased and the mouth Is often
filled with & ropy and frothy mucus 'There is often a low fever

Eventually the patient sinks into a paralysed and weak stats and
death follows or this may ocour suddenly d!:;tng one of the spasms, within
2 to 3 days of the onset of symptoms

Other types have been described including a form fn which paralyas
develops from the onset and simulates acuts ascending myelitis.

Diagnosis —The combination of the lustory and the climeal pictars
are usually suficient to make a dizgnoms certam, but hysteria malingering,
tetanus, meningitis encephalrtis and end m the paralytic type,
other parsivees ¢y Landry’s may E:va to excluded

Post-mortem diagnoms may be made in man or dog by examinaton
for Negn bodies and by amimal incculation Both impresmon apd crushed
preparations of Ammons horn n the hippocampus major In the floor of
the latersl ventricls and of the oculo-motor nucleus should be made
stamned by Giemsa s method and examined for Negr1 bodies (vids n?w)

Cerebral inoculations of mice should also be made Wehster (1943
recommends the followmg procedure —

‘A bit of Ammon's horn of the sus anmal s emulsified by
grinding 1t in & mortar diluted sbout 20 times with sterile water or broth,
and mjected in 0.33 cem quantities through the akulls mto the hrainy of
aght 2 to 3 weeks-old Swiss mice. In case the suspeoted material 18
cantaminated 1t tr.mgL be immersed for several hours in 10 per cent etber
and then injected Intracerebrally or mto the gastrocnemmy musele in
002 com volumes. On the 5th 6th and 7th days, respectively one mous
ia anorificed and ita bram exammed for Negri bodies according to the
techniques described above. The remaining mice are observed for 20 days
for mgns of rabies Mice developing lower imb paralyses and
prostrate are sacrificed and their brains tested for Ni bodies.

If the ted material really contains the rables virus the mlg
vsually show gegﬂ bodiea on the 5th or 6th day become mck on the Tth Iy
10th days, and die on the 9th to 12th days. They sre generally umforn fa
their nse—elther nearly all become mck and die or all mmam“:‘u
Rarely da the mice remain well for pericds of 16 days and then develop
rabies.

Great care should be taken to avold self mfeotion whils carrying out
hese exsminations

t Whenever posmble advios should be obtained and if mm‘i:d
stion 1 to be carried out here, the whole brain m the case of m.:;?uble
the whole head n the case of the dog shomld be sent 12 a
receptacle to the laboratory on 1ce—not on dry ice

PREVENTION
Control of rables in animals.—This is Brat a matter of wis leghta

uaranfine
t1on and then ngd enforcement of the lows mmi:d Stixeu;onﬂﬂn?w ]

hnFarmd d the heensing of all dogs
ﬁ;ﬂy unlwmse(of)s dogs and the muzs of all dogs while at hrgaﬁl;

blip place whenever there ls & rabies ¢ o have suctess A
znﬁlg Ll:ispdi.eﬂ.ﬂa in several countries. C?J&::p'u.lwry inoculstion o
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dogs has al#o been adopted with success. It may bo nccessary to main

tain these control measures over long periods and some of them of course

ently especially when there s & danger of reintroduction of infection

wild carnlvores but rables is an essentinlly controllable disease and
should be controlled

Control of the infection in man —When an individual is bitten by a
dog that is known or suspected to be rabid the wound should bo eleaned
mmediately and coutenzed  After protecting the skin with vaseline this
may be done earefully with fuming mtrie acid or pure phenol which
should be warhed out with sterile ealine powtlered potasmum permanganate
can also bo veed. Tho extent of the canterizaton must depend on the
slte of the bite and on the chance of the dogs being rabld  While it must
be admitted that unsightly scars have often been produced unnecessarily
there is considerable evidenco that skilful cautensation {a of value
Cauatenzation must not be used as an excuse for neglectmg anti rabic
vacenation.

Ant: rabie vaceination should be carried out as early as possible m
every case of effective bite by a dog which is known to be rabid Before
thu step is taken a determined effort to find out whether or not the
animal weas rabld should be made. When it can be caught it should be
shut up and kept under observation and if it dies withm 10 daye or
thows obvious wigns of rabies and has to be destroved the bran must be
examined or eent for examination for evidence of rabies if it survives this
perfod, it mav bhe assumed that it was not rabid.

The rabid amimal ——The first evidence i a departure from normsl
behaviour and dispomtion. An unusual display of affection or the reverse
s withdrawal from human and canme company irritability and snappiness
should arouse suepicion. Later the animal will often run ameck gitmg
"“Tthh:g and everybody and utterng a shrill meamngless bark. An
untolicited bite from a dog should always raiss suspicion and when it is
from a jackal it may be assumed that the animal 18 rabid. The animals

jaw eometimes drops and it dribbles saliva As opposed to the
excitoble or furious form of the dizease a pamlvt.ic form also oceurs and
firt mign may be difficulty jn swallowng often dingnosed as a bone
in his throat,
lymlhny {ebnle conigmt%m such éus dls‘tlemper rtlll cause cerelbnr;l
ptoms especlally e young dog these symptoms may melude
irrational behaviour with apparent aural and visual Elllucinnﬁons which
ﬂu%ﬁmnﬁmﬁntzmblum 1i lands of & dog 8 to 4 days bef
6 virus is present 1n the salivary glands of a dog 8 to 31 ] ore
it ehows evidence of rabies

Indications for vacanation.—Whether anti-rabio veceination 14 bequn
immediately or whether a report on the dog is awaited will depend on eir
cumtances the probability of the dog being rabid and on the nature and
location of the bae In the case of severs bites on the upper limb and face
treatment shonld be begun immediately i there was Any‘}aomlbihty that
the animal was rabid the rame applies to any effective bite if there ta strong
evidence that the anmal was rabid.  On the other hand if the amimal is
under observation and the bite is & slight one through elothes or on the
trank or lower limbs it will be safe to await the on the eendition
of the dog Further when & dog under observation is deelared non-rabld
any course of treatment commenced can be discontinued

‘The virus docs not enter through the unbroken skin so that hieks and
other contaet with rabid animals are not en indieation for ant: rable
vaceination It 1 however the practice in most Pasteur Institntes m
India at leat to advie anti rabic vaccnation for any ome who has had
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A NOTE ON MYIASIS AND SCARABIASIS*

MYIASIS

Ar times invamon of the tissyes and organs of man and other animaly

lg ﬂyy'rmmassl)tﬂ may take place This condition 15 comprehensively known
m; 18

The screw worm larvee of Chrysomyna bessiana will fnfest the natoral
orfices of the human body such as the ear mouth, eye nose, and vagms
and cause conmderable destruction of tussues Mylams due to Cochilomipa
hommvoraz 1 common 1 man m tropiea! Amertea

The flesh fly, Sarcophaga generally causes external mylasis, The
are depostted on gﬂngrmous sores lacerated wounds etc and being
saprophagns in ther habitis th?r brmg about & rapid healmg of the uleers,
Larve of Sarcophaga ep and of Chrysomyta megacephala have been
successfully employed m the treatment of cellulifis and osteomyelis m
India, whereas iIn Americs larve of Lucilia sermcata Phormua reqina, and
Calliphora erythrocephala grown 1 a sterile condrtion have been empjcryed
for artificial maggot therapy

Cutaneous mylams is often eaused by larve of bot-flles subcutansons
tumours are generally produced. The maggots of eheep bot-fies Oestrus
ovis have been found m the conjunetiva and nasal cavities of man in the
Central Bahara,

Intestmal myiasis 18 to A grest extent aceidental the larve belng
swallowed with food. The frequency with which ‘ rat-tailed ’ larve of the
drone fly Enstals tenaz oceur in Liqud excrement should make ome
extremely cautrous 1n accepting the numerous reports of these larvi bemg
evacuated with the stools There are however moveral cases on record in
which untoward toms such as indigestion constipation emaciation
and dyeentery cm:ﬁ:lmge associated with these larve 1n the intestine

SCARABIASIS

SosraBiasis or beetle-disease 1a caused by the mvason of the intestme
by dung beetles this ocours particularly in ohildren. It has not been
reported m sucklmgs and only once in an adult. Only thoss who have
cut thelr teeth and are able to take sohd food are affected.

The usually state that the msects are with the feces at
mtervals which may extend over some montha e pasmng of the beetles
15 generally associated with symptoms of failmg health such as loss of
8 e ooccasional diarrheen dyeentery ve erhaciation and some-
mmmmm@tmoftempmum © stool 18 usually semi-solid,
never hard and after 1t has been voided the attention of the mother i
attracted to some movement mn 1t a bestle gradually works 1ta way up to
the surfacs emerges and flies away As a rule the infestation is by mare
than one bectle, and sometimes over & period of months e numbers are

the health of the child mmproving 1n the intervals. Briekland end
(1039) have discussed at length the method by which these msects gain
acoess to the alimentary canal and they believe that the infestation takes
il anum,
pmlnps?mmhnvabeeureportedfmmthewtm-npamdlndhmd
Ceylon also from South Africa

B Bestles in ibs
BramwxLiND N  Soarablass the Presence of
Tomyee © asd Bor D Totestine. Tndsn Aed. Gas T 416.

«By D N Bz %o Prolemor of Entomology Calerits Sehoal of Tropsa!
Medicine  aleo



SNAKES AND SNAKE BITE*
SNAKES

]

TrrmoDUCTION
CLABRIFICATION
IvercTIFICATION
Tablo A Showing matn characteristics and habilats
Table B Data required for wdentifying the spectes of a snake
from its external characters

g #3d3d

SNAKE BITE

Phyeal matare—Quantity—Chemical composition of the venom—
“Taxie princples.
Selectire achon of different venoma
Muumal lethal doss of different venoms for man
SrurromaTaLoay
Symptoms after colubrins-tnte (cobra)
Local—Gen

eral.
Symptoms ofter viperine-bite (Russell s 1aper)

Loal-Genenl.
Tke effect of the brite of the rattlesnake
Duaoxosis
Non-pouonowr snaks-bite
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228 7 3588 E88%

%Dy the author and Dr u3 Anﬁt.mt Professor of Fntomol
&boolo!TmpbdedeTh table was prepared by Dr au°'i
bt m mkmodrﬁed thghtly by the -uthur with referetce to certaln Amenqn
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8lo

suffictent quantity

SNAKES

Introduetion ~—The practical importance to the ordinary practiiones
of any knowledge regarding snakes and snake-bite 15 often questioned by
the logically minded. It Is difficult to refute their arguments on statistical
grounds as the annual incidence of fatal snske-bite (outside Indis) i
less than 0005 per mille and probably not ame-tenth of the subjects will
have been within the reach of medical ald. Nevertheleas a practitioner in
the tropics with no knowledge of enskes will not only feel himself ill

wipped, but hnfmonee g his We he will encounter a ease 10
:}noi a botter Euw edge of mnakes might have helped him to save & Lif
and he will certamnly often find f in the embarrassing pomtion o
bemg quite unable to make even s reasonable guess es to whether or not
& snake brought to hum for identification is powsonous.

Further 1t 18 the duty of a practitioner in a tropical country to
tamiharise himself with the commoner mnakes in the localty and th
he cannot hope to do without a knowledge of the essentials of hi?&oloﬁ
This study 18 important from two pomta of view—firstly m order to
able to recognize and avoid or destroy the powsonous makes and socondly,
to exonerate the non powonous ones so that they may not be d
unnesesearily but rather encouraged, as they are often” useful members of
the local fauna in that many of them kill or frighten away rodenta and

also smaller poisonous snakes.
CLASSIFICATION
bel to the class BEpTILIA.
’BI‘?}zkgm ::.\%’mu is divided into twelve orders of which eight are
extingt Extant reptiles belong to four orders —
1 es  al d gavials,
g Cheloma—tortolses turtles and terrapins.
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powsonmus Colubndse
it mdicates that the species 3 8

Key Where the namo w printed 1n large t;
or if 1t 1w the name of a tamily subfamily or genns fhat

Porsanous one

all or many of 1ts members ars powonous

For mmplc all HYDROPHINF or sca-naokes are pomounous 0

Crotaline Lachemnw and Vipennm Cylubnido eontan both poiscnows um'

nan-potsonous npeden.

On the other hand hluplir!etcnrannnw wonous g0 arv the

Amblycephlaidm  Of t.he Cof ungars, Nawa harnah and Nata wng
boucnn Lut not so highly posorous

are vary powonous. Coral snakes Coﬁ]o

and the agiype and opisthogiyphs brds are non-pamonous

(Il the dreram |k copted fur elaes Jurpoves the poisonous rakes should be
)

prnted 10



IDENTITICATION e

3 Rhynchocephaha—represetited by a sngle linn specles  the
Tuatera mx‘:‘ d Hatterna punctata) of New Zula:ﬁ & lisard like
reptile in which the traces of the median eyo ean still be made out.

4. Bquamate—enakes hzards and chamcleons

The order Squamata is divided into three sub-orders of which two are
still extant namely —
(I% Ophidia (or tes)—unakes
(4) Lacertiha—lizards and chameleons

In the rub-order Ophidia (enakes) about 2400 species have been
deseribed of which over are sufficiently poironous to cause fatnl effects
in man. In Indla, including Burmoa and lon thero are at least 330
epecies of snakes of which about 70 are polsonous to man (40 terrestnial
and 30 manne specicr) this is the only country in which all the families
and sub-families are represented

Thero are nine famihes (1) Typhlopide éZ) Leptotyphlopide (3)
Anilide (4) Bolde (5) Uropeltidee (8) \enopeltide (7) Amblycephalide,
(8) Colubride (9) Viperide

The family Bowder includes several of the largest constrictor enakes.
In 1t thero are two sub-familics Pythoninw and Boine the former includes
Python reticulatus the repal python the hr{:m. make in the world, which
attaina a proven length of 33 feot and the latter Constnetor comstnetor
the bon-constrictor ‘The Boldm are not pomonous but kill their larger prey
by coiling around them and crushing them

Al tie specien of the first eeven families are non poisonous the last
two families melude all the nous gnakes The Colubnide are divided
mto elght sub-famihee of th threo are non polsonous three are mildly
powsonous and two are bighly poisonous and in the Vipenida there are
two sub-famlies all the epecies of which are pouonous

sub-families of the Colubnde and Vipende are sometimes

grouped according to the nature and position of their fangs 1f these are
ahsent, as m the three pon powonous sub-families of the Colubnde the
ennkes aro known es nﬁygxhn (rkéa:ngzoove) if the fangs are
behind the tecth they are wn as opisthoglyp (o == behind) if
the fangs are devel from the front teeth and are grooved, they are known
s proteroglypha’ (wpor o = before) and if the fangs are hollow
tubes (like b; ermie syringe ncedles) they are known as solenoglyphs
(owhev = tube) The f{irst thres of these groups correspond to non
polranous mildly posonous and lighly powonous sub-families tively
of Colubnde and the last to the Vipende The ofuﬂmgly‘phn m {rom
the position of their fangs are incapable of injecting a {atal dose of venom
mto man but therr bite 18 nevertheless puisonous and they Lill #all prey
by this means.

The families and eub-familics of the eub—order Opludia with ther mamn
charactenstics and commoner gpecies are shown in table A (a) and (b)

IDENTIFICATION

Tho identsfication of the ag(::m of a enake 15 & highly technieal pro-
erdure that 13 the dommn of the roologist or more espeesally the hemet
ologit 1t takes account of the charaeteristics of bones and teeth anrl of
the arrangement of the seales as well as the general shape and size of the
body However it is posrible by the study of external eharacteristics
alone for the less highly lized obeerver to make a provisional idents
ﬁmﬁ;ﬁ. The characteristics to be sli:udml are shown 1n table B

ouonous or non paisonows P—For practieal purposes 1t wall usualiv

be sufficient to distinguish between the polsonous and the non potsonou
epecies of rmaker
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If the fangx and teeth are intact and ean bo exami th
the mmplest means of answering the sbove queaﬂan.n 0] Wey &
should be examined*'to ascertain whether the snake 15 —

Aglyphous Two rows of teeth on either dide
. of the maxills and no fangs Nen-polwoncn
Optsthoglyphous Tw?rﬂnoft?ethmtbompdr
of groaved fangs at erior
end of outer row A post
Proteroglyphous One row of teeth on either side
ﬁ?utn'mnremee:dbyn
ﬂlhoflﬂﬂd 1]np
-tutaﬁormdmwilhuut
accessary fangy Poesonooa
Solenogiyphous One row of testh with & {
longmhnhrmmb\ahn:umcd

one or more pars of necesory
fong» Pasanoxs,

Snakes can also be identified with a fair degree of certam
observing certain external characteristies and using the followmg sch
and the figurea on plate

It 18 important to remember that colour 18 seldom of use as a dis
gushing charastenstio, the colour of most u{)ecles 15 vanable, to a gre
or lesser degree. However plate XXV will give some 1dea of the w
colour of some of the more common Indian poisonous snakes

Mildly pobae

Tarte A (a)
Showtng matn characterstics and habrtats

T
Family Ezemples Habutat
1 Typhlopmda (non-pozsonous) Typhlops brammus | Tropieal Asa
mafl worm-ifke burrowing snakes Indn
uniform  emadl mnhn‘ maxlls Tropioa! Afrfer.
t ed mandible bare
D’i‘?}lmﬂl,mﬂyuthmkuthanmdu Indis
head end.
Dstribution-—widespread in tropla |T pronmus Australtia
Speches—over 100
2. Le Komde or Gl der (nome | G blanfords | Tadw
B et the ding family ex L rphlope dulcy | North Amerles
Yopthed " T mandible
1 ong
Dlm'l"mhun—eannm opolitan
2 Awildes ot [yswda (non polsonoams) | Cylindrophis rufu Bouth-cast Asls
Buorowmg  snakes  of
calour about 27} to 3 feet
long claw spur at the vent!C maculatua Ceyltm
tepresenting vect\rﬂal'hmmh t‘g
hmdenlusﬁd— i Hysis scytols Tropleal Amerles
Species—8

* ﬁnu!dbommdinmmlnhgmﬁykﬂ]edmku.umm
rp;rmqmr:‘m-nﬂ many people bave besn hitten by a dead make



1DENTIFICATION

Tase A (a)—coneld

Famly Eramples

ous)
Tnclodes sovernl largest constrieting

Sub-family
(1) Pythonme on mol e
Bupra-orhital bon  present (Ihc rcrk prthon)
grvmuﬂh—todht'd (}w l yﬂ'm'n\
pecies—orer t! mm i
P aploter
Laoets fuscus
(r) Bome Comlnclor com
Bupra-orbital bone present atret v (boa-con-
Premaxilla—bare strictor)
Bpecics—about 40 Euneolos murinus
conda)
ir]rz comcws (so-
ed two-hesded
E }ojnn (so-called
wo-headed miake)
5 Uropeltde (noo-posonous) Uropeltus grandus
Bbort bevelled tall ustally covered
with a eeute v d eok RA A
of dorml seales which are | hynchu.
eminly el Bt o 2ok R arquases
not R
e el G
except gentw Silyburs i
Platyplectrerus.
Found only m India Plectrurus perrotati
and Bm-mrhu babits,
length 1 1o 2 feﬁ Platyplectrurex
Bpetles—aboot 50 {nlmeatn,
¢ X lde ( : X ltrs smicolor
Contarme  wogle penue H gh rides-
cent umiform black or brown in
eoloar \mtnkrnlnrrdmdﬂmm
cover the abdomen. Urually about
3 feet long
Prema Ha—toothed
Bpeaies—1
Amblyrephalde (non-powonous) Amblycephains
Lumpy bead on o alender mm.,
hrge eyes Mental

Seodee body ooy 1 rerg
I gt tad
atboreal 1n !

Habutat

South-east Asla
Indix, Burma
Malay Peninsula
ete.

Avatralia

New Guines
North Australla.
Tropical Ameriea
Tropieal Bouth

Amenea
in

Inda

Ceylon

Bouth-eastern
8outh Indm.

Lxeept for the alwenee of mental groove thin family resembles in extermal
or

charurters the km\lv Ca!ubnd:.r
1t an s subfamily lrﬂr.h.{

i

family Colubnde

btehum modern anthoritues casnfy
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Tastp A (b)

Family Sub-family Examples

8 Colubnd D derochordina | Cherydra
e ne | > :

scdeuh

ventrals aligh!

the head (see | ornot

%pn-e 18) Atémﬁc e, Acrochordusy

entrals favaricus

it

streteh acrom

o {5e r-;)uilon' ) Donvpe!
on

eoTuratien, | Cortical veri

20, ({v) and | poewesstooth-ike

val)  Puplls Ject-

usmally ar into cesop

culsr used to break
esg-,iucn]yfood,

ypha ui) Colubnre Ptyas mucorua (the
4 ﬁ%l ed ((nun—pobm:cm) rat snake)
‘mﬁ"z' Great varlety of | Lycodon cubcus
potson size and form (tbe wolf rmako)
glands. Habits different Tropwdonoius alolatus
racers, arbores! or prum wpake)
semi-aquatia Natnz pacgtor (the
cosmopolitan in poad sake)
dutribution Coluber helena (the
Bpeeits—over T00 | trinket mako)
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Tawwn A (b)—contd.

Family | Sub-famTy Eramples
[ T

B Om the iv) Homaloptaa  [Cerbenis rhyncope
lypha, m ;ifbwm)
gnul] fanga | Ventr a;l}‘:h‘iz Hyprrhing enhydris

tho ba
:}L{n o rtretch acrom H matleayi
maxlla nl’x;lloﬁ;:“ River
Bmall poleen 21 TIDC
dT;d.-. makes  Tail
slightly com-
‘ premed in many
I]tdﬂ
| Epecler—shout 38

(l)E‘Iachulodm‘\li;:a Elachutodon
{midly veilermant
\ }‘ALE mw

Ihwlut::"b_
1 h(umm
to break berd
g)’l‘ck‘—*l ﬂ
Protero- [} omoT Dryophis miycisy Southreastetn Ana
H phon (mildly o (the [ Tadas
::‘;xﬂhry p::ll)d t Chrysopelea orasta ‘
o
teeth fam ly Colubwine | Drpaadomorphua tn-
comprimag wriales (the eat
{{angn) arboresls, and sewn] | nake)
whrch ary aquater of vanom (D dendrophius Malav Penmeula
erect and | xite and shape Duphohdus typer nes.
emll, coo- Fperies—about 300| (10
nected with P udoboa cloeln Tropieal Amerien
highly Mowurans.
m (m)Elap;wa(HtNy \aia um the (Tr:;p\n\ Asta
¥
ot~ Terrestrml, \ hnﬂ-uk (!belmx wauﬂm; ern Avia

e arboreal
neyrotoxic Kb?mi—lq'ﬂluemtﬁrl (b
ta (the Exyp- !\ orth Afnes
eylmdrieal and thnt};l'nor-tﬁl "
t!

tapering  Ventrals ¥ aigmeollr ( ! Afna

and etretch \'\vhﬂ‘?:a jrisy uth Af
ALTOMy

sbdomen  They  coben) i e

are amonx the Buwparis camdudus | Indn

]
B fascalus (the Indin nud Bouth-
eastern
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Timz A (b)—concld

8 bfamidy Ezamples Habrtat

ir‘ﬂ Crotaline Crol wnﬂuen(w North Ameriea
highly polecnous) (the ratilemnake)

Rluimkm A | C_ odamanieus -
loreel mt present | (Bastern diamond |

botween the eye  |backed mattlemnake)

and the nose -nd C atroz (Wedern -

dlamond-backed

mattln  on the
tafl Head veales |mattleennke)
rml! in crotalas 1 |C horndus (the |
head shiekds n banded Tattlemake)
artrunus C fermficus (the - -
mtnbutron— dog faced mtthe-
Amencs Not  |make)
found fn Europe |Suirerua catenslus ‘
Asla Afren and | (tho mawesmum

Aurtnla rattiesnaks)
Qpecies—about 30 |8 mulmarius (the -
piemy rattlesnake)
ed with () Lachenne Aghutrodon mokasen "
y powcoom) | copper bead)
Aloresl pit tnt no 4 -
rittles Bmall head | wator moeoamn
reales the |cottoo-mouth!
xenus Aghutrodon. | A !nlu-ul tus (the [Cantral Amenca
Ametien and Avmmdm\ himo- |Himal ya
| kayaxus (
T0 | layan pit )
A Aypanale (the Cevlon Bonth Indis
Karawals)
Bothrops  tror 8outh and Central
(B lgneeolatms) Amenes, West
( Fer-de-lanee)
B jararota (the South Amedes
Jararace)
B jararecus (the
Jararacusu)

Indly,
o (the green |Ass East Tadses

| T favot nd  (the '
nl&)l (( Eartern Ana
]
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Tarte B

Data requred for wdentifinng the speciex of a snak
external characters f © from s

1) 8ire {e) Length incloding the taB
(b) Length of the tail enly
(2) Bbape or form (@) Tail—whether flat or eylindrieal ta Plender
or stumpy bevelled rounded or m rattles

resent or not

) %odya-vhethn stout moderate mred or slender

(¢} Head—whether dwunct from the nerk o pot
broad or narrow or flat.

() Colorution Ground colour of the domm and ventrum any

marking.
(4) Armanrement of stales or (a) end tail
oels (1) Ventrals—whether broad moderte sred of
narrow  rigd or angulated at the sides their

number
(1) Anal—whether dirided or estire
(fri) Bub-caudals—thelr number dvided or entire.
(1v) Dorsal—oumber of longitudinal rows I the
id-body  cha the

(b) Head
(D Whether ahields or seales il shielde—thelr
(1 Bapablare s “mumber and _patiem.
T a2 pal
") ergemally the refation of the &rd saprasbel
in the family
() Infra hablals—their mumber and ern.
(fv) th-lsgﬂ.lll—mh and :npo w) the
mental groove is presen
() Whether both maxile and mandibles are
1

(8) Arrangement and shancter
of teeth
(i) How many roms of testh on the upper faw

e s or pat If prosent—wbether
or no —
” -;f:’;of or posterior  grooved or ballow
tubes.
SNAKE BITE [

Epidemiology.—The geogrophical distribution of soake-bite 19
naturally dependent op the geographical distribution of the dnm:g.”
:Eee.\eu of venomous mpkes this can be secn from the table above. Ichai

o East Indies tropieal Africa and tropical America are the flelds n o
1n snakes and India with at least 70 species of poisonous suakes heads

1
On the other hand, there are man; {slands that are free from terrestris
polsonous :)ak: eg feeland Ireland New Zealand Madagascar Habraii
and many Islands in the South Pacific and several m the Weet Indles
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In Europe there are few powonous mn)kea the moat common are the
adder (Vipera berus) and the asp (V aspu

In(AunLrnlln th)e cummnet? e(aum.;:f snake-bite death are the death
sdder (Acanthophus antarcticus) (’l':c Qiger)mnke {(Notechws scutatus) and
the black anake (Pseudechu porp cus

In Afriea the commonest deldr;wmnken are the mamba (Dendraspe
angusticeps) the spitting cobra (Vaia migneollis) the puff adder (Bitu
arictans) the thinoceros viper (B ndncornu} the asp (Vam hape) ond
the cape cobra (Aawa flava)

In North Amorica, poionous snakes are relatively common in the
mountainous and marshy districte The best known are the rattlcanakes
the diamond backed rattlers (Crotalus atror and adamanteus) the banded
rattlersnnke (C hormdus) and the marsasauga (Swutrurus catematus) the
rattieleas pit vipers the water moceasin or eotton mouth (Agkutrodon
pucavorus) and the ¢o; head (A mokasen) and the harley (coral)
snake (Micnmue fulinus

In Bouth and Central America the most feared snakes are the buh
master {Lachesun muta) the Fer-de-lanee {Bothropr atror) and the
jararaca (B jargraca) but there arc many other epecies

In Indls, the ras the kraits the Ruseells viper and the echis
viper are the snakes manly responmble for the high mortality

In comntries where poitonous snakes are sbundant death from
suake-bite constitutes not dn ummportant cause of mortali Between
20,000 and 25000 deaths from smeke-bite are reported annuelly in British
Indin  Althongh enske-bite is sometrmes a convement euphemism for
death by violenee, in other instances death from sake-bite will escape
regstration as such, so that on the whole the figure probably represents
romething near the truth On the other hand, in Australie between 1910
and 1826 the average annual deaths from snake-bite numbered less than
16 For the rest of the warld the annual deaths from snske-bite are
wually piaced at between 5000 and 10,000

chmnkumwaufuumanudothulargemmm&h
ere concerned and the majonty only bite when attacked frightened or
aceidentally injured. The persons most affected therefore are the bare-
{ooted villagere wng along & jungle path at might who may aceidentally
tread an a enake CSnakes mlil often come into & hut or house to excape
unfavourable climatic conditions—cold, extreme heat or rain—and it is
not uncopunon for & person to be WWMMIV she
places & hand into & rec cle m a dark cotner

Children are frequently bitten either in outstde their huts and
the bites are fatal in a much higher percentage of eases n children, ns
the toxierty 1 dependent on the proportion between the amount of venom
injected and the body weight of the subject.

ANATOMY AND TOXICOLOGY

glands of the mammala They occupy sn mtermuscular space in the
;:mpt(:rnl rqp?m below and behind the orbit on either side of the upper
\.4

glands are envelo) by a fibrous caprule to which are partly
attached the fibres of \bepﬁuseter musecles, E;L:il are surrounded by a
group of museles eonisting of the anterior middle and posterior
and the digastnie  During the act of striking, these museles are tavolune
tarily contracted and the glands are violently equeezed oo that the venom
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18 driven along the duet to the grooved or canshiculated f,
to the fassues of the vichm even 1f the snake musses its w:nhg maﬁ
eometimes be ejected The venom of the sprtting cobra Nag
cgn be ejected a dwtance of 8 to 8 fest and 1t will cause temporary blmd-
nemml]f is. m;uthm col:‘t:it with the cyes In other wpesies espeoially the
apsthoglyphm, the ac pressure of the bite appears to be necesary
a?mththa venom. P to
¢ the proteroglypha and soleno ha the f: which are mituated
anterorly on the mayxﬁlm differ one %r}zfn the oth:rngl.: their ey
and shape. In the proteroglypha (Colubnda) the fangs though alightly
movable are erect and small” the groove which runs antertorly lengthwise
from the baso to the tip of the fang 1s n, but m the It state 1
covered by & fold of mucous membrane which thus completes the canal
In the solenoglypha (Viperide), the manlls wﬁx large m]])le*.e}y
ocanaliculated fangs attached to them are movable add are eontrolled
various muecles In the resting pomtion when these musoles ars ze
the fi are kgpt folded under the palate inmde a sheath of mucous mem-
bmn:ngagma entls) but when the muxoles are contracted far the strike
or bite, the fanga come forward automatically and projest at a right angle
from the this movement of the fangs does not take place m the
ﬂert];htaroglypha. Besides the main fangs there are always reserve fangs
d, .n both the viperine and powonous colubrine anakes and these
ocome into operation when the mam fangs are braken
The venom. Physical nature—It ia a colourless or golden-yellow
hquid of thick conmstency neutral or al_xggtlx aqid with a specific gravity
of imm\l_["fg_ort_onléﬂ_em-wmare. When demiocated it yields about 25 to
50 per cent o1 #olid mal and beoomes » erystalloid substance whieh &t
soluble m normal saline.
It 18 thermolabile and destroyed the o julce
Quantity —The venom Ia o) either by comp the gland or
by spontaneous bite of the snake on a ﬁrehm«mt or rubber membrans
read over any eonvemient receptaole® o Istter method gives a betler
Eald The quantity of venom varies with each species and with the mse
of the individual from about 8 mg. in the krait to 875 mg. m the oobra.
Chemical oompontion of the venom —The results of & broad analysis
of the venoms of vanous powsonous enskes show that they consst of —
(1) protewn matter—albumin and globulin (coagulable by beat)—
wrhich { e major n
(2) substances of the nature of proteoses and peptones (not coagul
able by hest}
(3) es_or ferments
(4) Tnorganio o] des ph
(5) a trace of fatty matter and
louring matter
;?a)uzo —It was at one time generally beheved th"&' &:
coagulable protems the non-coagulable protem hke substances an to
ible for the toxcity of the venoma but separs
ensymes were respons trom h ten
taxio elements of & non protein naturs have been wolated fm:;mozhrl
molecule with which they are assooiated. Ihe substance that
phiotoxin (C, HyO,y) and from
(N naa) venom has been called ophio % 8 o) Iih
of the ma Crotalus adamanteus crotalotonn (G, Hy, 7)o from
believed that theso substances are of the nature of glucosides

osphates olc)

watsr muwel ovEr
$In Tndin, the snake charmers o e Fhi on (o paim ! and thr pairm
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The toxicolomeal action of the venoma of different specien of venomous
smakes vares widely and depeodn upon the summation of various toxie
¢iples present in the venom the proportions vary with each species

s toxie principles are —

(1) with special affinity (a) for the nerve cells and
particularly for tho respiratory centre, and/or (b) for the nerve termma
tions of the muscles, especially for those of the diaphragm

(2) vanous cytolysina namely
{a) hemolysin—acting on the red blood cells

Erm&irpﬁ n_or cndotheholysn—acting on the endothelial eell
liing the blood veerels and allomng the blood to extrava. ate
uﬂn(c) eytolysins acting on eclls of several other tiesues such as the hver

cys ete

(3) an ontifibrin ferment (protease) destroying the fibnnogen thu.
acting as an antl-coagulin

(4) & fibrin ferment (thrombaze) cawsing thromboms

55\ a proteolytic ferment and

6) = which {n small ?nmtmen tones up the heart, but
in ligher concentration stops it 1n systole

Selectrve action of dlﬁmt vcnonn.—-An a general rule, the venoms
of Colubride contsin a pr of neurotoxins this i
espeally true of the common eobra ﬁEn\:mn the tiger snnke the blaek
rmake, tho death adder and the sen snake In tho cobra venom neuro-
toxins are responsible for 60 per eent of s toxieity hemolysins and anti
coaguling for about 40 per cent, and a proteolytic ferment for the rest

On the other hand m the Tipende the venom, as a rule contams a
high proportion of hmmorrhagin  Thus n the Russells viper venom

represents about 70 to 76 per cent of the total toxiclty the
cylolysms, thrombase and cardiae toxmrvg t about 20 to 25 per eent,
l!:ldﬂlapruteolyﬂeenxymstbebdnncc. ut there are exceptions to this
rule as i Crofalus tmﬂau advlaper u:e vmom iu :trongl‘y neurotonie

Mimmal lethal dose of man.— Acton and
Knowles (1921) ertimated the mmimal leuml doee (MLD) of cobra venom
for man to bo 16 mg. by a study of fatal cases of cobra bite given in
the literature m which no treatment or valueless treatment had been
admimnmtered. The MLD for the venoms of other Indlan species of
pomonous snakes was aleo caleulated by them on the assumption that the
relative toxicities of different venoms for the monkey hold good for man.

The data in the following table were taken from ther papers and
from other sourees

Appranmats dose | Estimated fatal
Boals oven at blt dose for men,
mg. mg
Noa nara 2113 150
Nea hawnah 1000 120
condrdus 54 10
B forcwmtus 29 100
rusrelln 20 210
Echu carmatus 133 50
Lathess grommeds 1H1 1000
A wmokaren A5-60
A tors $0-130
C homdus 0060 Appron-
C od mantens 10450 taly
N tar £0-160 250

La herw m ta 300500
angustuceps (mamba) 50-50 \
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hysteria, but the object symptoms such as oms and hemorrhages
o{eouru be sbsent. On the other hand thoeyn:}mptnnn of & child wb‘gﬂ
it usu possible to reassure, can be taken at therr face valie.

More help will be obtained from the loeal mgns there will be caly
very shght ees or swelling, the characteristic peired fang marks wil] be
absent, testh marks will be superfieial, and there wall be no bleedmg from
them also there will be no local Ioas of sensation, nor paralyms but thess
mgy be simulated by a hysterical patient.

Differenniation gctwccn colubrine and vipenne poisaning —Thu also
qu dzﬁa] bm m the early sfiagcs when the differentiation may be of any value,
n colubnne powsoning local pain passes fairly rapidly and is replaced b
local anmsthema local paralysis develo ang the’;e 1ya some Iov;“al.)l mdemny.
Iuvrpertue})oiwumg local pain 1s marked and permstent there 1s & more
intense local reaction which may include echymoms around the puncture
and there will be no local paralyms. In the later stages, more marked
differences in the general symptoms appear (vtde ) Sjuortly the pre-
ﬁm symploms m the former are mm’u and In the latter

orrhagic

PROGNOSIS

This is dependent on & large number of {actors, several of whuch are
unapproissble and 1t must therefore be very guarded. (It is however
ementinl that the patient himself muat be reassured for his own take)

The factors concerned are —

(a) The speciea of the snake and the mdividual vanstion in the
toxicity of its venom (b) the amount of venom injected, (c) the site of
the bife, (d) the body weight of the vietim (e) the fmmediate measures
adopted, and (f) the {acilities available for treatment.

(a) If the make 18 not wdentified this factor can only be gauged m
genersl terms for example the snakes of Europs Australia, and temperate
countries generally are much less pomonous than those of Tndia and other
tropieal countries

{b) The amount of venom injected 18 depsndent on the efficacy of the
bite which will to some extent depend on (¢} the part bitten o bite on &
smzll member such as & finger or toe or even hand or foot, 18 likely to be
more effective as for meshanical reasons, the po g Mechansm can
come 1nto full play on the other hang, in such a position it will be easer
o e eﬁmﬁs:dyMl ;1:? mﬁt rtant, as the effect of a gaven amount of

The weight 18 impo as the effect of &
pouo(nd)wﬂ] be in inverse rotio to the body weight therefore, the larger
the individoal the better are his chances of recovery wdinte

(e) The prompter the apphoation of the ligatures and other imm

easures the better the prognosds.
" Flna.l]gtobeofun use wpecfic or polyvalent serum must not
on]y({gs mmediately avaable but available in suffcient smount.

TREATMENT

f
Introdaction —More fables have grown up around the treatment o
snake-bite than around any other procedure m medieal practice. luill:‘.'r'
millions of ihabrtants of eastern countries are firm belevers m am! A
snake-stonea potions with & most diverse rangs of m,g;rediwta——fr?m ph:a
juices o powdered gallstones—and/or eﬁi\t{;ﬂ and mcantatcnt:, e
infalible cures for snake-bite. This er is not conﬂnedm te
uneducated classes nor even to the inhabitants of eastern coun

there 1 & widespread belief amongst the laity of western countries—a belief
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at 18 even aceorded eemi-official recognttion 1n countries where prohibi
m s in foree—that the drmking of a bottle of whisky is the best
eatment for snake-bite This 18 not difficult to understand for 1t is not
uslly appreeiated that the large majority of anakes are non poisonous
d that even poisonous speeies often fail to Injoct a fatal dose, so that
1 remedies however useless will enjoy at least a ten-to-ome ¢ in
vour of success and with a run of luck may easily acquire a reputation
T infalhibility

There i no spoctfic treatment for anake-bito other than the appropriste
ativenom serum although there nre many non speeific procedures which
ust be considersd as adjuvants when antiveneno s available and as
1betitutes when it b not.

It will be suitable first to eonsmder shortly these non-specifie pro-
dures then tho specific treatment and finally the practical aspects of
e treatment of snake-blite in varous circumstances.

NON-SPECIFIC PROCEDURES

(0) Localizaton of the venom (i) Tourniqute —The application
{ =ome form of tourniquet, either a tightly applied one to t arterial
ow or a hightly ap&ied one to cause venous congestion and control lymph
eturn eppears to the commonsense procedure, but nevertheless it is
ot & mensure that is umversally recommended. Tho main causs againat
he tourniquet 1 that no tourniquet will prevent the polson spreading
hro! the timues and an artenal tourniquet at least will often do con-
iderable and unnecestary local On the other hand, most
ractical workers conuder that a ligh applied tournlquet 1 always
encfietal and some recommend an arterial tourniquet as well. The wnters
elieve that combined with other measures at least a Iight ligature should
< applied and one of us (B. K. G) has scen marked benefit from an
rterial ligature in preventing the neurotoxm reaching the central nervous
yetem m colubrine-bites,

(1) Refngeration.—There is little practical suppart for this theoret:-

plausible procedure but it is sometimes worth practising if only
or it chologieal effect.

() mation of the venom at the nte—(3) Multiple wneunons
hould be made with aseptlo precautions and if possible under local
wnmsthema, o lnmecp (1 to § inch according to the depth of the bite}
rucial melwon ch the fang marks and a reries of emall (§ ineh b
 inch) ineimans around the edge of the advancing swellmg blood veascl
nust be avoided and if cut, tied.

(u) Buetion mazlbecegected by ?;lenm&f Bied:: suction tubes a breast
pump, or pome special suction apparatus such as that suggested by Jackson
(19’293 Buction by applying the mouth to the wound |hmﬂdb£e looked
npon 88 & first ald measure. Suction must be combined with Ligature
and ealine irrigation, and continued for & long time Although mueh of
!hatuxmhabwrbedbytheloulﬁmu & considerable amount ean be
zxu-nc‘gbythhmenm as experience has shown that the extracted fluid §s
very c.

{ui) The objects of ercuion and emputation are the game namely
the l'enmﬂ:'lmnfi the;.lnue& in whx{d:htbgnwxindh fixed. The cholee of
ure epend on the rite of the bite and am, tion should

mﬂduedhthecmo(hxtumthntmmﬁnggmﬁmmﬁ
thould only be undertaken when the Limb has been effectively Lgatured
continm Jndncethebheorwbmltb ble to excise the site or
amputate Lmb immediately after the bK:n



810 BNAKES AND BNAKE BITE

hysateria, but the object symptoms such s cyanosw and hemarthage
of course be absent. On the other hand the symptoms of & child wh‘g
1t 1 uwually poasible to reassure can be taken at their face valie,

More re,xfnm" be obtained from the local signs, thers will be caly
very slight et or swelling, the characterstic paired fang marks will be
absent, teeth marks will be superfidial, and there will be no bleeding from
them also there will be po local loss of senastion nor paralyss but thess
mnyﬁb%mmuhted 8 hysterical patient.

erentiation een colubnine and wipenine oning —This also

1 diffioult 1n the early stages when the d:ﬂ'erentmtionp:nify begof any value,
In colubrme pomsoning local pamn passes fairly rapidly and is replaced by
local anmsthems, local paralyms develoﬁs, and there {: some locel mdems.
In viperine porroming local pain 18 marked and permstent there is & mare
mtense local reaction which may include echymosis around the puncture
and there will be no local paralyma In the later stages, more marked
differences in the general symptoms appear (11de supra) Si:orﬂy the pre
dominant symptoms m the former are paralytic and n the latter
hemorrhagio

PROGNOSIS

This 18 dependent on a large number of factors, several of which are
unappreisable and it must therefore be very guarded. (It is however
essential that the patient humself must be reassured for his own sake.)

The factors concerned are —

(a) The species of the snake and the individual vamation i the
toxierty of its venom (b) the amount of venom injected, (c) the sits of
the bite (d) the body weight of the victim (e} the immediate measures
adopted end (f) the facilities avallable for treatment

(a) If the snake is not identified, this factor can only be gauged m
general terms for example the snakes of Europe Austraha, and temperats
countties generally are much less poisonous than those of fndla, and other
tropical eountries

(b) The amount of venom injected 1 dependent on the efficacy of the
bite which wall to some extent depend on {6) the part bitten a biteon s
small member such as a finger or toe ar even hand or foot, is hikely to be
more effective as for mechanieal reasons the pomoning meshamsm can
come mto full play on the other hang I such & pomtion it will be eamer
togr(v;a'%h bodéiymé;?m“;rmg the effect of a given amount of

o w 18 1my as the effect of a
poon )mll be in Inverse ratio to the body weight therefore, ibe larger
the mdividual the better are his chances of recovery .
(¢) The prompter the appheation of the igatures and other mmediste

measures, the better the prognoms.
(/) Fmoally to be of any use specifio or polyvalent serum mmust not
only be mmmedistely available but available in sufficient amount.

TREATMENT
ent of

Introdnction ~—Mare fables have grown up around the treatm
smake-bite than around nny other procedure m medical practice. ﬁﬁ'ﬂ
milhons of mbabitants of eastern countries are firm belisvers in am y
soake-stones potions with s most diverse range of ingredrents—{rom Ph:s

ces to powdered gallstones—and/or yers and mcantatim;, the
E}nﬂme eures for smske-bite. This ulity w mnot confined e
the inhabitants of eastern countries :

educated clasyes nor even to
th?eraux? n midespread belief amongst the lalty of western countries—=a
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that 1s even aecorded samni-offietal recogmtion in countries where prohibl
tion is In foree—that the drinking of a bottle of vhls\;y s the best
treatment for enake-bite  This is not difficult to understand for 1t 1s not
usually appreaiated that the large majority of snakes are non pomonoun
and that even polronous epccies often fall to inject a fatal dose, so that
all remedies however useless will enjoy at least a ten to-one chance in
favour of success, and with & nun of luck may easily acquire a reputation
for infallibility

There is no spetific treatment for snake-bite other than the appropriate
antivenom scrum although there are many non spealfic procedures which
must be considered as adjuvents when antivenene s available and as
subetitutes when it is not.

It will be suitable first to eonsider shortly these non-speaific pro-
cedures then the specific treatment, and finally the practical aspects of
the treatment of mnake-bite in various circumstances.

NON-SPECIFIC PROCEDURES

(@) Localization of the venom (i) Tourmqute —The application
of eome form of tomﬁct, either a tightly applied one to t arterial
flow or a lightly apphed one to cause venous congestion control Iymph
return appears to the commonsense procedure, but nevertheless 1t o
not a measure that is universally recommended. The matn cause against
the tourmiquet 1 that no tourniquet will prevent the poison spreading

the tisyues and an arterial tourniquet at least will often do eon-

nderable and ummecessary local On the other hand, most
Pmoﬁc&] workers econmder that a applied tourniquet ly always
fieial, and momo rec d an tournrquet as well The writers

believe that combined with other measures at least a light higature shonld
be applied, and one of us (B. K. G) hes seen marked benefit from an
artenal higature in preventing the neurotoxm reaching the central nervous
system 1 _colubrine-tes
(x) Refrigeration—These 18 little prastical support for thus theorets
ft is sometimes worth practising

if oo
{ar 1ts peElchologiml effect, v

(b} Elimination of the venom at the snite —(i) Vultiple ineinons
ehould be mads with aseptio precautions and if possible under Iocal
anretliens, a deep (% to § inch according to the depth of the bite}
cructl incision eh the fang marky aod a certes of emall (§ meh b
1 inch) mewmons around the edge of the advancing swelling  blood ves:.cg
must be avaided and 1if cut tied

(g) Suction may be effected by means of Bier's suction tubes a breast
pump, or eame special suetion apparatuy such as that mfuied bLJukm
(1628}  Buction ? spplymg the mouth to the wound should looked
upon as & first ald measure Buction must be combined wath Lgature
and zaline uﬂgﬂh& and continued for & long time Although mueh of
the toxin 18 absor by the local tirsues a contidersble amount ean be
exﬁm;tedbylhumeam s expenience has shown that the extracted fimd is
very tone.

(i) The objects of excinon and gmputation are the rame namely,
the removal of the tistues mn which the tomn is fixed. The cholee of
aoeedm will depend on the rite of the bite and amputation should only

considered in the ease of bites on the toes ar These mensures
should only be undertalen when the hmb has been eflecuvely Lpatared
contmuomly sinee the bite or when it s poerible to excize the mte or
amputate the limb immediately after the bite.
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(¢} Neutralization of the venom in stw~—Local iofiltrati
caloium hypochlorite, potassium permanganate gold chlonde ;nnglqh
subatances some of a secret nature has Ecn advocated In the past aud
is etill conmdered by some workers to be g valuable procedare  How
ever the present trend of opmion 1s agninst any local injection exeept
{‘:}t&\ nn:xcnfm:’e{x. T!??.o lau%r 1 nvaglnblef‘ thould always be used, b least

¢ case ol viper bite and as much o they will take aliould
into %5; t_}_muea am\mdfthc blt.el i bo infftrated

reatment of general symptoms. (1) Prumary shock —~The
patient should be laid on hu back w&h his head lhghﬁ;y lower than hin
feet be should be given hot coffes or tea, and reassured and calmed.
Caffeine may be mven as & stimulant and morphis } gran i thero &
severs pan  Alcohol ;huulcil not bhe given unless it 18 obvicus that the bite
VAR & NON posonous one In such a ease, piven i moderate amounts, i
wil help to combat primary shock from cag; b

(1) Secondary shock and collapse —Hwmorrhages and vasomotor
faafure may lead to collapse which should bo combated by the usual pro-
cedures including plasma or serum transfusions of at least two pints, and

wultrin and adrenalin.  In the absence of plasms whole blood may be used,
hopra and Chowhan (1939) strongly advoeate veritel (15 to 30 mg.
intrnmuscularly or 40 to 80 mg. by mouth)

(u) Hemorrhages —For the multiple homorrhages after micnne-
bite 1njections of caleium chlondo or gluconate, congo-red solabwm
vitamin C vitamin K and hemostatic serum have all been advoeated and
each appears to have becn of value in cortain cases

(tv) Respuwatory paralysns caused by tlre neurotoxins may ocear
Reapiratory sumulants such as coramine and eardissol by the parenters!
route may help to alleviate respratory embarrassment but in some cases
artificial respiration end oxygen may have to be maintawned for eeveral
hours.
(8) Treatment of complications and sequele (i) Sepns—Seplie
nbsorption from the mte aiter vipering-bite 1» noi uncommon. Early
admipisiration of drugs of the sulphonamids group prevents this eompliea
tion. Some authorrties advocate the routine usc of antitetants werym in
prophylactio doses.

(1) Gangrene —It frequently occurs after viperme-bite and s dus
to the sction of thrombase Early administration of antivenens,
release of the higatures and when the general symptoms a) to
well controlled vigorous local treatment with frequent hot fomentations
will uma:? provent gavgrene but once it supervenes amputation 18 the
only remedy

(u3) Other complications and uq};uulm-—-Ha-mopmnardem hamo-
thorar hemarthrons, pyemia and nephrita are some of the sequele of
viperine-bite each of thess requires its own line of treatment

SPECIFIC TREATMENT

Antivenene.—Tho only speaific treatment sgainst polsonous snake-
bites 13 the early administration by the Intravenous route of antyvenom
ssrum, so-callsd antivenene. As the venoms of different species of &
differ 1 thetr toxio principles different antibodies sre produced m tht
immunized animal (horse) and the entiserum produced against the venam
of s parhcular specics 18 effective agamst that venom alone or agninst
the venom of closely related jes, For example In India antivenes®
elther agawst cobra venom or Hussells viper venom (the two cammonﬂm‘
paisonous species which are responsible for the majority of the 20,030&0
tnore annual anake-bite ieaths) will not nrotect the vietim bitten by
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other species. To surmount this difieulty polyvalent sera which are
eﬁecﬁva agamst more than one common local ies have been
serum institutes of different countriea, H ogous serum is some-
tg:nes used but there la little evidenco that it is ol real value
Dosage.—The points to be conmdered in caleulating antivenens
doaage are —
a) The t of venom | Iated this is an unknown q\mnt.lty
but the average quantity injested by a snake of the
1 usually known (scc table on p 807) and romo idea of the e&kua
the bite mny be obtained from the sito and the cireumstances of the bite.
(b) e tomo activity of the venom of the individual snake this is
an unknown quantity but is likely to vary from country to
mmu—y and the venom is urually more toxic in tropical countries
{c) The neutrabsing upauity of the antivenene for example whether
1t is concentrated or not 1 c.cm. of polyvalent wuve:uena (Easauli) given
introvenously will ncutralize 04 mg of dned cobra venom or 09 mg
of Daboia venom.
(d) The time that has elapacd after the bite.
(¢) The route of admimnistration the intravenous route s three to
four times more effcetrve than the intramuseular or subcutancous
It will bo =een from the above and {rom the table on p 807 that
tho amount of eoncentrated polyvalent antivenene for intravenous injec
tion required jn the treatment of an average cobra bite will be 130 c.em
and of an average Daboin bite 23 cem. 1n practice, however it is usually
advisable to give not less than 40 cam. in the Iatter case. The sub-
cutaneous route is of little value becsuss of the slow rate of abeorption
but 1t ehould be remembered that such large doses of horse-scrum given by
tho intravenous route may cause eevere anaphylactic symptoms in sus-
cevhllglu mdrvidual»hJ @ ; N
recantions.—. e casc of persons g1 a history of allergy sucl
as asthma or hay fever mo!pnﬂmm;:gono!bonrmn
for senitivencss to the proteins of horse-zerum must be made by gh-mg

In India, the Central Ressarch Imstitute KanuE (Punjab) prepares and issuos
in 10 ccm ampoules concentrated Oﬂghﬁt.m)p?ll_gum antrredene which is effective

byLbalmmmimn}phumﬂhnd.ndntwemtth { unsoncentrated
leruma{{amerumu. Itunmhbletmmthbh«tmo!thalnmmultlm

Polynlenthhhutnmu"mnmmntmermnndﬁmntbcdwm
() Dutantan Inetitute in &g Pau] ulo, Bnnl( E-oulh Amenca prepares four
(ni)

4
W&w and () coral s
(b) The Bouth Afries Luum- of Medical Rmrch at Joh.\mmd:m-;, 8outh
Afrie pﬂ'nlrﬂl o ent antryenens spain t the cape cobra the mambe and
BEVE] ncan )

() Pnﬂeur In.! tui of Ll TFroce uwd to prepare a pumber of

erent spocies.
(d)lmtn ao(ln!rdesn:atT Jaman, used to
. B’thahab o okm prepare an snt-

(e) P\:h].h: Health Department { New Bcrnm Wales Australia, propares an
anf

D I 1y o oates. 31 o
U’)ln!by Ur.mrd SutA:n u\ll.;}xxﬂl(&n ) B ntle eratolide
aptiserum & ericen Crotaline it vipers) and Bothrops anti-
-u-umlnmCtntxﬂudSouthAme Lacherns
are usnlly peotd 10 am containing 10 c.om. of serum which hs
or they lose their poten lthpfobabll.h:tlh
process, | the sera are frozen and to & powder wnll be applied
and thor wll obviate the nreemnty of keeping them m &
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mtradermally 01 cem of & 1 in 10 dilution of horse-serurn. I no skm
reacion ocowrs the treatment may be commenced immediately In the
caze of a pomtive reaction (manifested by the appearance of an urticanal
weal at the mte of the injection which enlarges rapidly and Is surromded
by a xone of erythema within 6 to 20 minvtes) 1t s absolutely easential
to desensmitize the patient before giving the main dese.

The patient can be desensttized by the method deseribed b Kellaway
snd Morgan (1931) The followmng doses are gven at hourly
mtervals, 0025 c.om. 01 ¢cem. and 10 c.em, subcutaneously and finally
01 cem. miravenously 1f this dose causes no general allerpc symptoms,
the intravenous injection may be given very slowly If allerme
occur, the injection should at once be stopped and 1/50th 3::
and 06 cem. of & 1 in 1000 eolution of adrenalin chlonde should be
administered hvpodermically

‘We have usually adopted the practics of giving 50 ¢ em. of concentrated
sutivenene intravenously diluted with the aame quantity of 25 eent
glucoss solution fo start with and then the balance of the dose slowly m
& pint of 6 per cent glucoes m normal maline. No il effecta were notieed
m a.ng{ of the patients,

ter the requimte quantity of antivenens has been given the higatures
may be removed.

PRACTICAL CONSIDERATIONS

When » patient 1 brought to him the first problems facing the
practitioner will be to decde (1) whether the patlent was ter
at ull, (1) whether or not the snake was a poisonous one, in the
former case (1) whether 1t inoculated a fatal or dangerous dose. He
then has to decide how far he 1 justified in out poesibly mutflst-
g procedures on the chance that the snake may have been a poisonous
one and that the dose may have bsen one that would ordmarily prove fatal

If the make ix ca or killed and is not too badly mutilated,
must be identified ( supra) A caroful examination for tooth and/er
fang marks of the part supposed to have been bitten and of the surroundmg
tisxues for local reaction must be made.

Prompt action s necemsary as delsy may be fatal. The chances m%
be tz:.iﬁhed on the evidence avallable (ses Diagnosis) Ones declsion !
na y be somewhat influenced by the oes under wideh ::k
ment 18 to be given for example, if there were a chance that the otbc:
was polsonous 1t would be wrong to withhold antrvenene, on the frad
hand one would hemtate to take such drastie as nmpz;:

s limb or even makmg extensive incislons which might damage uIde‘
tant structures and wonld mexs-lly be a potential source of sepss, uniess
e susplcion were well found
o I\:‘Spwﬂl be as well now io c;rnmdar the case of snake-bite s en
¢ four different sots of circumstances.
emezien Iy;:xnt}he ungle or bush whers no medical equipment s available

and Bﬁm ad to b:iD:%gh;gpmry where Do sntreeness 1 cbialn

Ab]&C In an out-station hospital El?here fnlthahugh there 18 Do anhivenene
b. a few hours,

=t hu]gd I?amgmbeeg\zm !:ocpham ) where antivenene s svailable m

sufioweat ey t 13 avalable.

A n the jangle or bush where no medical equpmen

and  first aid  has to be applied.—A ligature must be plswdunhélmtﬁmg!‘

above the bite and a second tight (arterial) ligature aro
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smgle-bono portion of the limb proxmmal to the first higature that is except
in the ease of a bite on the tip of & digit when the second ligature might
be put around the proximal phalanx around the humerns or fernur
Mouth suction should bo applied over the punctures, and if o sharp
and reasonably clean kmfo 1s available a cruclal memion may be
made Into tho fang marks to facilitate cffective suction but it is doubtful
it any further entting procedures should be undertaken in these eiroum
stances The patient must bo reassured ns far as possible and when they
are available, given hot coffce or tea to drmk and 3 grain of morphia sub-
cutaneously  Ho must then be removed fo the nearest place where further

gl
Wherever poesible the snake should be killed, without dsmaging the
head unduly and identified or preserved for identifieation
Do not gie aleohol If it s thought that the bite was by & polsonous
wmake ulitg deﬁxlﬂlel deltrimténtuL bece s ob
n the 1solated village dispensaty w no antvenene is obtain
able —This is the eituation t%mt probably nme times ont of ten fuca‘atlhu
medical man who has to treat emake-bite In tropieal countries A firm
Hgatare eufficient to stop the Iymph flow and the venous should be
applied immediately proximal to the bite and an artery-oeclu tourni
uet further proximally around the upper arm or The patient
culd be assured and any treatment for ahock thought necessary
should be admimstered but alechol ahould not be given (1ds supra) The
Ktimt and his friends should be questioned mors closely regarding the
edent and & decsion made as to the probabilities of the smake having
been & posonous one. This will be facilitated if the smake was killed and
brought with the patient. If the decinon is in favour of an effective bite
bf:pummn.ke then under n loeal or & general anesthetio & series
of 1pemony should be made under strict antiseptio conditions ops d
crucial {nemlon immediately over the bite a number of shallower (1 inch
crucial inclyions m a ¢irele around the hite at the edge of the .'nglf'
and, if the swollen area 15 & wide one several incimons should be O
within this area, Suction must bo applied for hall an hour or more and
as much fluid as possible drained away {rom the site The wound should
be tmgated with warm ecitrate salme to encourage the bleeding When
the bleeding has stopped, the arterial t. uet should be released and
the suction repeated. The arterial tournlquet need only be reapplied i
the bleedme iy dangerously profuse  The suction should be applied at
hourly intervals far 10 to 16 hours but may then be discontinued if no
further general symptoms appear, and any symptoms that have developed
show evidenco of rubsiding. Plenty of flud, including hot demuleent
drinks must be gven to the patient, and 1f duoring this procedurs he loses
& dangerous amount of bl a blood transfusion must be administered.
Other treatment {or secondary shoek and other general symptoms and
for th)a various comphentions that may arise will natarally be piven (1ide
upra
C. In an out-stauon hospital whete althoogh thete is no antivenene
at hand this will be obtainable within a few hours —Tourniquets must
be a and viporous local measures for elminating the toxin ae indi
cated above undertaken to prevent the abeotption of a fatal amount bafore
the sntivenens fs obtained. Prnmary shock must be trested and ather
symptomatic treatment apphed as necesaify anses
mmc?tnt In a wrll-«l;fmppe? bot;rh:‘lh:’bg;;nnmme i1 available 1n
quannty —If no tourniqu apphed, both tourniquets
and ico should be apphied immediately while thrppat?i'ent or his friends
sre being questioned, and the syringe snd antivenete are bemg prepared
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for injection. shock should be treated Then antivenene should
be given, intraven by preference, with the usual precautions {wnde
supra) 1f there 15 any queston regarding the identity of the snake or
when other than genua-specifie antivenene 18 being given in the eas
of echis- or krait bite when only the divalent cobra and Russell s viper anti-
venene s avallable local treatment for ellminating the venom must be
undertaken (vide supra)
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Inoduction ~There are fow true* skin diseases that are confined
entirely to the tropres bub aavernl are undoubtedly more common more
sovere and acquire & cance in tropieal chmates, It is to
some of the more 1m rLant of ceo that this chapter 1s devoted Every
white sojourner 1n the tropice mll know prickly heat, dhobie iteh snd
rmngworm of the icet—-——by eso or some other names—as actual ctions
or ever present dangers. Pitynasis versicolor, winch 1 2 vndeupmd
wfection amongst natives of the tropics and lencoderma whish is &
common enough condition m the tropics to justily its inclusion here are

‘Wb&tdo‘-lmi'bndcunotmsuwte,_‘dsmdm unq-nelt.mni.hnh!

t to be ansrered mbsda drseaset
Tould cortain) Anded, and the i}fhtufw?;lmﬁncmdhmmbcbdudtd
ot cneunrhn:eﬂu constitutioral origm. Leuroderms is

almaost certainly an exsmple of the latter
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more ymportant fram an msthetic than from a morbidity point of view bat
should be ized as ray well be confurod with other more serious
conditions. lly tinen {mbricata 1 perhaps the only ekmn disease that
has an exclumvely tropical distmbution

Thess conditions will be discussed mamly from the clinical point of
view -

PRICKLY HEAT

Prickly heat 1s probably the commonest of all syndromes suffered by
the newly-arnved white man in the tropics and hiwstory had recorded that
no less august personages than British governors-general in Indin have
been observed rollmg on tho floor in the agonies of gnckly heat during the
monsoon in Bengal and yet our knowledge of the exact mtiology the
pnthuluﬁ‘ ond the treatment 1s still far from complete

Epidemtology —It occurs in all tropical and in many sub-tropieal
countrics but 18 cepecinlly aseocinted with the green  tropies and with
the periods of year when humidity is high ¢g the monzoon in Ini

The dark sianned native of the tropies rarely suffers from this con
dition It is far more common in the newly arnved eojourner than in the
older rendents but the white man seldom becomes completely immune A
degres of immunity is undoubtedly stti'uind but the mam reason for the
relative freedom from Ex;i‘ckly heat enjoyed by the older resident in cer
tainly that expenence taught hum bow to behave in the troples and
how to take dmpl:nrnmuﬂm to avoid this dh'.rwﬁn% complaint, It
is more eevers in infants and children than in adults in men than m
women in the thick-set than m the spare individua! in the fair than in
the dark, and 18 most pronoumeed in the obese.

It was more common in the past when the British soldier in India
wore heavy broadeloth when the sojourner wore the formal dress of hu
country of origim, and when the cholera balt was conmdered an essential
precaution, than 1t s to-day when the dress of both the soldier and the
crvilhan -oimm 1 more rational It oceurs more commonly amongst
those whose circumstances prevent regular bathing and changing
of elcﬂReﬁ

Anatomical distribudon —It occurs on parts of the body (a) whers
the clothes are held in close contact by pressure eg around the wawst
under the belt, on the shoulders where the weight of the clothes 1 taken
and acroas the shoulder blades (b) where there Iy friction from clothes ¢ ¢
m the grom axilla and the backs of the wrists (¢) where two skin sur
faces are in contimuous contact eg under the breasts and between the
folds of fat 1n the obere and (d) on the backs of the hands a mte where
the frequent presence of prickly heat eannot be explained on any of the
above grounds

Zuology and pathology —On the subject of the ®tiology of priekly
heat there are several echools of thought

Emith (1927) elumed to ha o molated a yeut-lke fungus, appareat!
from the skm m this condit but most other werkers ’m:
dmmdﬁntyo{lh-a!;pnnm There seems bitle reason to bely t the

cotaneons monilmss that be produced experimentally w kion! th kly

m‘tr;oko}?h‘wdﬁ] ﬁnrﬂ t(vl\nia 1 cent gentun \mlr:j:r;ll:h‘:a ﬁmy
Lomfe peary to eomalder t

fature of the seest shaad; nekly beat

ui.mputt:nu!O. shn
an t as thers by
ot Jeant & mid fnfammatory reaction, lu-xndulu‘:?mumnup-yr:
of thtir cbjective the removal of secumulited micro-organims from the clothes
and shin by frequest washings and their destruction by the wme of muld antisptis.
theory s the fuct that some Immmity
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more than two minutes, 8o that after this interval 1t must

off 156 munutes 1s usually the time recommended, but in t‘l;? mgﬁ

tﬁilgﬁsmséﬂverﬁmmwmgbtgmhoﬁtc}femp,tau  Asepto
ndol and neko sosp are recommen

the bﬁm . P ed, the two former bemg

an alternative to the antueptic soap and to be applisd at o

times 1s 8 Jotion of 1 m 2000 pe]ich]oﬂdg of mercury 1P1PQO per ﬁ

aleohol to be wiped over the affected part aftar 1t bas been dred azd

stelf allowed to dry  (This will not smt all skins) Then o dusting

%der musmtinxgidof camphor—20 parts, me:lnhal-—ﬁ partu{hbor!a acud—
§mrt.s sin¢ oxide—300 parts made up to 1000 parta mith fine taloum

powder, should be applied. P

As an slternative to the mereury spirft lotion and powder a white
lotion made up of tine oxide 20 per cent, menthol 1 per cent, camphor
2 per cent m 80 per cent alcohol should be dabbed on the affested area
mith a prece of cotton wool It 1 usually insdvisable to apply ths more
than twice during the day At other timee an equeous s lotion
with phenol will be soothing

As 1 the case of most skin disease thero 1s greater danger from
over than under treatment and whenever any trestment appears to be
irnitating the sk, it must be dicontinued and sumple aquecus calamme
Iotion apphed.

The sulphonamides have no effect an uncomplicated prickly heat, but,
for the complications i which pgoogcmc arfzmlxma play 8 part sulpha-
thiazole and sulphadiasine will of considerable value

Prognosiz.—' will depend on the personal factor on the oppar
tumties far appl the measures recommended and on the ur and
wisdom with which they are applied, Beldom if ever, d B be
necessary to mvalid patisnts for uncomplicated prickly fwat, but when
thay permatently develop muliiple boils & shert period of leave m a cool
elimate often appears to be the only way to cure this serions comphieation.

RINGWORM OF THE FEET TINEA PEDIS or
DERMATOPHYTOSIS

Thia 1 a world wide condition but always assumes a mush greater
importance 1n the tropcs and particularly in the humid troples. In
temperate climatse, where 1t 18 usually known as sthletes foot , it oftes
appsars m epidemie form in schools and amongst sthletio groups whose
members trapsmit the infection to one another in dormitorses, changing
roomns and swimming baths, by walking barefooted, and by the wmm“-:lh:.l
use of bath shppers, sandals and towels. In the trgpics where et
innumerable synenyms eg Hong Kong Bingapore Be.nga.l; ete e;danic
(incheating 18 geographia dustribution) mau%? toe ete 1t 1s e
and where there are native sérvants wnmmg]kmg mmﬁomtgd;l;:dupg:u y

ren e

impo‘a:aibje oy ‘avnid__mfe;agn, o u,blyf s \vor&t under wmwndx}.:m of Pfl::&
temperature and Ingh humdity In chronto safferers 1t often 1n

il mppmntly clear up during the cool dry season, in those Phr:?nr:]lm{;
there 18 one or when the subject ta & cool clunate, but 3

full foreo when the temperaturo or humidity rises s {1 mur]«;leottu'mﬂun ey
i s (ot poveme L B S e e

women and amon,
;?32 ¢ during the day {s ¢ brokers) than amongst those whose m

mainl {op benkers) The barefooted are
tl:l‘}necf; but {h:egl?ecutgn isgaeldom actne and 1 any particular set
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of crreumstances the activity of the condition will usually be in inverse
ratio to the ventilating properties of the footwear

Zuology and p:(hcoloiyl ~—The causal organirm 1 & fungus usually
a species of T‘rlchofhvlon it prrlmnophyton floccosum and gven the
monfha, Candide al ble the spores of these fung;
are highly remstant and mmve on wooden floots coir or grass mats
un—geu towels thoes etc., almost indefinitely despite vigorous treatment

strong antuscpties They aro destroyed bi uutoolwm%

These funm penetrate the epidermis and the superficial layers of the
eorum only, and their toxina eauss a scrous exudate to accumulate under
{hc qnderm‘ which fs thus separated from ita source of nutntion and

tomatology ~—The primary alte of the infection is often between

O.ba fourLE and fifth toes 1t eocon spreads to the other interdigital spaces

10 the soles to the dorsum of the feet and particularly of the great toe,

to the mden of the feet, to the eaft area of shin between the ankle and

the Achilles tendon and to the nail beds The same infection may also
spread to other parts of the body (wde tnfra)

Bmall vemecles appear they are usually surrounded by a halo of
inflammation. They are extremely irritating.  After a few days the whole
arcas between the toes become white and picces of sodden eprthelium
veparate exposmg the red corium eovered by a thin transparent layer of
emdumi-, which tends to erack, bleed: if damaged by scratchmg and

ed.{ becomey mfected with ie mlcro-organisms After such
infection has submded, the epid gradually resumes its normel thick
ness, but koon becomes sodden and separates apain. Meanwhile areas of
l:fpe:kerutodn develop at the margmns of thess lesions and form ndges
the edges of the dorsum of the toes and up the interdigital sulcr on
dorsum of the fest The infection will usually spread on to the
mla especinlly to the parts under the arch whers the skun 15 thinnest
here the vesicles in the comparatively thicker epidermis cause intoler
able itehing, and develop to the sue of & sixpence (1 meh) or more.
These blebs contain a clear fluid at first, but they often develop into
pustules surrounded by areas of infiammation. Here too the epid may
separate m large plagques but it usnally flakes off the denuded skin tend.l
to erack, and mnd-ﬁ infection and extenmve cellulitis may result.

Complications o danger of serions cellulitis is very real but there
u another deve}opmmt that provides a reayon fur not 1e¢ﬁng these
infections, namely the oceasional dev opment of oph'yuda ar
dmtapinyud.n on the other hand it 1s these sometimen
d as a result of too active treatment ’I‘hna ld.u are apparently
an ¢ manifestation which result from the patient developing a
sennitivity to the myeotic toxins that have reached tie general cireulation
from the local lesions. They take the form of severe erythematous rashes
or papular vesicular or pustolar eruptions on any part of the body but
characteristiealty on t.ha soles or palms the mte no relation to the
inftial lenon except that in foot infections the ids very commonly appear
on the palms produeing & condition known ay cheiropompholyx. Tﬁu

a very dist condition that completely incapaeitates the sufferer for
o peniod of eeldom less than sx weeks and often for mueh longer ‘The
whole of the skin of the ;lmhm eeparates and secondary infection in eome
degree I almost inevitable There mav be two or three relapses before
the condition finally rubades

Diagnosis —A ™ elimeal disgnosns iv wwually sufficient for practieal
purposes.  However it is very easy to confirm that the lemons are due
to & fungus infection by taking a eeraping from the marpn or removing

e

)
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Symptomatology —The two mam arcas in which thu
develops are (a) the mner aspeets of the thighs, W adia b
cruteh 1t passes backwards to the perineum yn‘tohm m“ﬁ
the anal dleft, and (b) the axll® where it spreads out on the
aspects of the chest ond on the under and mner sides of the arg
former aite in by far the commoner The condition 18 wsally bila

A red rough sealing ares with a rased spreading pa ane
pustular margin develops, the lesion spreads fan wise, It 1 mto
Irritating and thus causes continuous ard mveluntary scratching ¢
the sleep, which aliows secondary infechion to oceur and eresses |
mation.  The mflammation may be so sovere that the patient can m
bear to put on his clothes csn walk anly with great diffleulty
mrg?;.:gnf the lmkiw'hnmdba tm;dthby 20 T o

Q e and macern ern m cent
hydroxide, as in the case of {inea P P

Prevention.~This condition is not nearly so difficult to prev
tinea pedia. A good supply of cotton or linen pents and vests aho
made available, After removal, these should always be washed witl
mthat water rtnﬁed out 11n clia}:z water an&dﬁgdtgwrougﬂy bdonls
put on again, poesible, washing sho dane personall
moat oases it will be left to the native servant, but care should be
that he 1s himsell not suffering from the condition, if he 1, arrange
should be roade for his th treatment. The precattrons to be
are 1n {act much the same as those against pri heat (gv) Aft
b':lth, the susceptible areas should bo carefully dned and powdered

cum powder

Treatment.~—~Befors treatment 15 undertaken grm\xw
mfection must bs organized. The cotton pants and vesia be
that they cover the whole affected area, that ia to say m the case

m!eaitiun, veatsw;thuleutahortgloe;vm mustt!l):uned :

ough the of qver treatment exist, 1 usually

this condition thi:ngu? tmea , Ohe reason that the ares
ware penmtive and the ate pam of strong applications wil pr
therr over use When however the areas are actually inflamed s
fungicidal substancea must uot be applied untal the inflammation has
reduced by hot ﬁlﬂw&ﬁm alterpating with aquecus calamine lotron

Indrviduals 8 tough gkin e.g negroes and some Indians o
labourmg class, will usually stand strong applications, such as for
(commerpial) and hmiment of fodine but even in these indrviduals
must be exeroised, mn‘jdh the t\iimttf’r should himself apply the medican
and not Jeave this to the patien

Perhaps the most useful preparation of all 1 Whitfield s omtmen

Baliovhe atcd g X
Bensoic soid g Ix
Lanoline 4 ounee.
Vaseline to one ounce

This 1 too strong for many ekivs aod for the first application I
Tlvshxtﬂelds umtmmmt uulbdut b&‘mdﬁ It;atermibbe may b:dpt?e
the full-strength ointment, e patient m warn
gnuﬁ.:uo the apphication 1f there 13 & severe inflammatory resction.
nhouldnlaobawamedtoapp}yiﬂotbemmumm—ynubnuﬂy a
may be exceedingly painful.
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Alternative applirations arc 4 per ecnt gentian violet m 10 per cent
aleohol or trple-dve  There are al o several proprictary preparations
eg agnolin~a synthetle chtvaarobin preparation—in the form of an
ointment or a paint (1 to 3 grana in ane ounce of pure neetone) which are
useful

Theso fungicidal applications should be made daily after the morming
bath care being taken t{mt the nren is first thoroughly dried  In the case
of half-atrength Whitfield s ointment a second application may be made
atl mght 1f there m no mflammatory reaction

& few dava of conscientioua treatment with any of these applications
will wually cure thia condition but the treatment must e eontinued for
rome time afler symptoms lave diappenred  Refractory cores will
oerlnnmnnllv I encountcrel in which a suecesslon of medienments may have
to be tned

TOKELAU or TINEA IMBRICATA

This infection appenrs to have o purely tromeal distmbution 1t has
been dereribed 1n India Cr.;zl:m Burma Indo~China Malsye the Duteh
Lat Indier Borneo New Cuwinea the Qouth Iaefic slands and China
There are apparently a few focr of wfection in Central Afriea ond 10
Bragl In India it 1w cncountered almost solely amongst aborigmes m
South India Bengal and Astam and m o few plain folk who have heen
1 clove contact with alxm%mez

Ztiology—Tho cau-al organein ~ Trichophyton concentricum tplate
NAVIT figure 2) Tl muero-organt m differs from others of this group
v its apparent imability to murvive sapn phytieally for any length of time
to that it can only be tran imtted by direct contact It penetrates the
cmdermis  between the cpidermie and the dermia it multiphes ubuudnntlf’
cauw ing the former to separate and in lue com~e 1t penctrates the newl
101‘11)(\! epidermis and causca further «eparation

Symptomatology —The le<ton start as a round or oval moeule in
the centre of which the horny layer of the epithelium cracks and flakes of
epithelium bemin to separate from withun outwards. The lesion extend
and a larper and larger nng of separating white scales 1s produced  Vlean
while the aren m the centre recovers to sume extent its normal appearance
but 1t soon eracke agamn and a new ring forms withmn the previous one o
that the lemon eventually coneists of a renes of concentneally nmntied
brown (normal skin) and white (ecparating ecales) rings these meet o
aimilar groups of nnge so that the whole skin aren presents a most stnking
appearance suggestine of tattxmg (plate XNVIT figuro 1) At the
peniphery of the minadunal lem n the borny laver becomes shghth
thichened and raneed but thero 1 httle inflamuuatory reaction

The lestons are very untating

Extensive areas of the skin of the trunk an! linba are involied but
the heir 15 not affected  The head palms eoles axille and growmw are
seldom affeeted

Diagnosis —Chinical diagnosis 13 ususlly easy on aecount of the unique
:_;?Beﬂnmcc of the earlier lesions  Old lenions with dark thickened ed-w

sometimes simulate ichthyoers but in such ea<ex other freely le~ion
will usually be found romenliere on the bod;

Prevention and treatment.—Perronal cleanliness 1 an effective pre-
ventive meaure Th hense v i not to oceur among perron wlna
anownt their bodies wath eoconut ofl

The lenon  theowelves reepond fairly readilv to rtreatment but the
srea involved is sa exten ive that the whole mrface eanpot be treated at
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one time with any of the stro funmeides. An additional

15 the fact that the patienta nr’;ggoszllnmuneducated abur?gnu complication
Most fungicidea are effective. (guutellama fuchsn paint® 1s usually

recommended. Dey and Maplestone (1842), who bave had sonmderable

experience with this {nfection, recommend o paint of one drachm each

of resorcinol and glacial acetio aoid i one ounce of compound tneture of
\n

PITYRIASIS (TINEA) VERSICOLOR

This 18 such a common wfection in Indisns of the poarer classes that
they are usually quite unconsclous of its existence and are often unsble
to appreciate the faol that their skan 1 not normal, even when the lesions
are pomnted out to them. It basy o wide distribution amongst, natives In
other tropreal countries. It 1 much less common in fair skmned persons,
but doea ocour and i 18 not aifiotly confined to hot countres though i
much commoner 1n them,

Although this mfection 18 widespread m certain social groups, it is
not hghly contagious and needs olose easocistion befare 1t ia transmiited
from one person to another

Eua)ogy —1Tt 15 caused by Malasesa furfur The f mvades he
superfinal layer of the epithehum and causes a fine sealmg Thero 18
practically no mflammatory renction

Symptomatology —The visible lesions are actually acounmulations of
f\mgg:on the skan where they form yellowish or brownish plagues. On
the brown skin they appear as a whitish laver of powder and on the white
skun thoy produce brownish patches As well pa the surface lencny ther
1 spparently some change in the underlying pigment, a decrease in the
brown gkin and an nerease mm the far one e lesions commence 83
small macules the size of a pin's bead, thgg' ncrease in-mxe and coalesce.
’I‘heremnﬁnopowdm‘tvd amstion 1f the affected area is rubbed.

The distribution of the lesions 13 very characteristis, It
to an area on to which dandruff would natumﬂﬁafaﬂ from the hamr thet
15 to eny over the shouldera on the front and back of the chest, and on
the outer aspeots of the nrme Sometumes the lemons also appear an the
abdomen, neck and face but seldom on other parts of the These
are not the covered areas i the class of individual who y suffere
from this condiion as some writers atate. Thoe dwstribution seoma to
suggest that the har may be an important source of infestion.

Diagnosis.—The condition is readily recognised chnleally but con
firmation can be obtamed easily by talong s serapimg from the ares,
macers 1 1n potassm hydroxide and examinmg it under the micro-
scope grape-like clusters of apores will be seen .

Treatment.—This presents lttle difficulty Most fungicides wil
destroy this superfiaally etusted fungus very camly The commopest
application 1» sodfum sulplate 10 to 25 Eﬁr cent solution. Thus is washed
over the affected atea nfter 1t has l?eel:ix th;d a.gdﬁwel! acrusrbﬁﬂpgfat:i‘
omtment contamning 3 cent: sabieylio neid an per cen
sulphur can be rubbed I e hair should bo washed alao and (he sulpite
lotion or some other guitahle antweptio apphed fo 1t

The condrtion will usually elear &withln a
ment must be continued for several wi

-
. conamts of 10 erm of s wtomted slecholx woluthan of bang fothas
lqunirolbperuomtphmltnntu Fﬂ(erthhundnd.dlmmmolf{b«'lﬂldd

After two hours add 6§ com of acetone and two hours Ister 10 grammes
Kacpind.uklinp)\eredbotﬂa,
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regarding the changing and stemhization of clothes must bo taken 1if relapse
and re-infection aro to bo obviated

LEUCODERMA or VITILIGO

Definition -—Leucoderma or vitiligo is an aequired condition n which
in eertaln arcas thers is complete loas of skin migment it is characterized
climenlly by the appearance of ivory winto patches sutrounded by an area
of normal or increared pigmentation It is neither infectious nor hered:
tary, though at times it ecemx to show a familial tendency

pidemiology —It appears to be mueh more common in tropieal
countres but it occurs throughout the world in people of all races all ages
and both pexes

Znology —The cause of lcucoderma is not known. It is usually
clarsed as n tropho-neuroms In Indin 1t has been observed that in the
majonty of the cases there 1 somp intestma! infection-—protozosl
bacterinl, or helminthic—and 1t has been suggested on rather alender
expenmental evidence that the condition may be due to a hyperadrenia
reeulting from toxie stimulation of the 2uprarennls It has been pointeci
out, (hut{mnlthough kala axar and. loucodermn are relatively common 1
Bengal both conditions arc seldom encountered in the same patient. In
kala azar thero is some ovidencoe of hypondrenia

Pathol —Apart from the total abrence of pigment the affected ekin
is not changed 1n any way the activities of the sweat and echaceous glands
ate uninfluenced but the hair ehafts in the affected area eometimes lose
theisr pigment and become whitish or yellowlh n colour

Symptomatology -——The lesions ‘appear as small white macules and
ext.enc{ aﬂmly The margins may remain clear-cut but in the larger
patches they tend to become less sharply defined. Bometimes there is an
mcrease of pigment in the ndjoinmg areas but there is aeldom & defimite
rmg of hyperp! tation around the leucodermic patches

In the well-developed case the lesiony can be clasnfied 1nto several
types () the muco—cutuncousngpe affecting the lips eyelids and external

emtals (b) the pressure type aflecting such areas as the waist when there
& continuous pressure from clothes the dhoti the sarm or the belt (c) the
symmetrical type and (d) the generalized type where tho white patches
{use to form large lobulnted areas and even progress so far that the original
than coloration 15 completely obliterated

The condition may remain staty for years but 13 generally slowly
progressive in 1ts course 1n exceptional instances the patches disappear

tancously There are no eomatic symptoms associated with this condi
:I:j:but the mental effect of the grotesque di figurernent that may be pro~
duced 18 often profound. The lemons give nse to no subjective symptoms
but the whitened patches are hypersenntive to heat and tend to become
inflamed reacily when exposed to the sun

Dufferential duagnosis —The duignoss does not usually present much
difficulty but 1t 1 necersary to exclude ecrtam other conditions 1o whi b
there 15 complete or partial lopyan ntation namelv  (a) the congemital
condrtion rtial albmim () th baelluny infeetion leprosy (o) the
mycotic nfection pitvna w ver wolor  (f) the pirochetal infeetion (1)
pnta (1) atropie mascular vphibde and posably Gud onelapo-leuco-
derma te) the protozoal wfection po-t kala arar dermual ler homnm o
und {f) condiiwns of uuknuwn ®ticlee (1) morpke and (u) fupu
erythematosus

(a) In partial albwsm, the b ooy are congeortal there w1 er any Lor! nag
ﬁu.c d patch by byperp d slin wnd the pat ot alw yu bz n
oo in.
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as complete there are defimte senso
ermn  thero will aiso Le thiekened nerves S i ts ogml::m:
There m hitle real mmilarity betweon thewe two eonditlons but f m 3 popalse
mmneepéim u-n[thn subject due partmily to bibliesl cr wileh reasts
l\:lrcyod:;:mmby on the unfortunate ~(hut nommfectfown) mdpvelunl wmh
(¢) In pityrasis venicoler tha & Hon ls mabnly due to ibe whibd

¥
m c growth on the wurface with little hy?cmtﬁ)enht: and certainly

deplgmentation there f also ;léﬁt acaling in lclfﬂ'ﬂol? Labomatory u:&g:
trion ahoukiuge unnecessaty but spores and hyphe of Afalosena furfer an be

d i) In pira, which has o lmited geographieal distribution, thers
hhtaryufthomﬂhr!euomcfthumdmm,whxpchmehxnucﬁnwmék:
some 5111;‘;:(. th.‘am . hcnu*gmn ponirve W hig e

response to arep 3

(d 1i) Atrophic macular syphilide » & condiion whera multiple amall m
areas are found on the tronk and extremities, and tho atrophy & more

@ Ramode rlly affects the

¢tlano- rma eols and soles and
rarely the lips itmmﬁmimﬁn\gyt{a* ﬂ:@-ml
xPehnndcmn (h; goentation) mde by side, and alw hyperiamatoss with
per \! u more marked along the margms and
mmahmuatendahr:i;nwpto;behandlmd!mt The discare b
late mamfestation of kyphilin the serum reaction for avphili w5 posttrve fn aff

-

eases and it ds to mti-qy?bmﬁc treatment

md Tl draflealh B g o o st
net) alwa ot ons, the butt: & o ate of

the ufomatous nodules As & rule a of agar or af beast of

{ebrils attack that may have been kalbi-amsr will be yiven

(f 1) In morphx, the skm shows differsnt gra of deplgmentation witk
wnooth shiny atrophic patches sdberent to the umde tasoa.

{f » In Jupus erythematosnt the lcucoderma like {gmentation. which &
present 19 due to tieatrichl fibrowy atrophy of the slan. Apart from the depy
mentation tho lupus pateles are covered by the chametenstle fine adherent bormy
Elup, which when removed roveal enlarded follicular omfiees. Moreover the

m;ia-nmgf tha patches are markedly rafved and infitrated Theee mgns are absost
w Jrucoderma

TREATMENT

This 1s far from satisfactary nnd writers dismuss the condition
ns weurnble However at tho Caleutta Schonl of Tropical Mediemo over
a period of years the Toutine procedure indieated below has been worked
out  this appenrs to gnve mhsfucim;y results 10 o small percentage of
cases (Panyn * 1941 and Panja and Maplestone 194“(32“

A General utatment—The stools are examined mpe.atedlﬂ for
evidence of any itestinl infection amebie, bacillery or helminthle  1f
such an wnfcetion 1s found the appropriate course of freatment 18 given.

10 addition thers 1 frequently a nom specific bowel dieturbance euggestive
of excesmive fermentation half to one drachm of liquor hydrargyn pef
chlondi (B.P) 1s gnen twice daily after meals in courses of three to
four weoks with intervals of ane to two weeke for & penod of st least

to mx montha

thWeB oDm —~The patient is advised to avoid food that is hkely to
gause intestinal fermentation and to take ;r}erminuung gram beans an

peas which are nich s vegetable proten and yield a good supply of tyrosn

r of melanin.

: p%cumﬁocal treatment —Oil of boucln (Proraha coryln{oluz) w rubbed
gently on the lomon twice o day for 5 to 10 minutes each timo rSomztl?e‘;
the o1l produces intenso redness burning ond even vesleation alter R
applicetions and o suscophible persons the reaction may appear &

% Th useful paper has been quoted freely in this section.







SOME RECENT ADVANCES
INTRODUCTION

Tae war hes nffected tropieal medicine 1n 5 number of ways. Inthe
first place the fact that so many of the theatres of war are m the
has made 1t necessary for o much wider dissemination of knowledge of
troprcal medinne amongst the nnel and prospectave 1 of
the armed forces Thus, and the ﬂer that many of the fi E?g men and
members of the suxbary forees will return to their mother countres
with mlections acquired 1n the tropics bas forced the medieal profes<ion
m general, and the teaching staffa of medical echools in parkieular, to
take a much hveher interest in tropical medione and fo make some
attempt to remedy the defects 1 therr knowledge of tropical diseases.

Becondly, amongst the medieal personncl oFthe armed forces that
are bemg eent wio tropical countries therc are many physieisos and
surgeons who nre especially akilled in gome branch of medicine, Whether
or not they are amp]ovd m their parficular specinlties these men will
mevitably view troprenl diseases from their own particular pomts of view
nnd bring to bear on these disenses thewr own special methods of investt
gatlon  Theas studies will not only have a very stumulating effect on the
practice of tropical medicine m the tropics but will undoubtedly ennch
medical sclence and nbout o better understanding of the underlyieg
pathologieal processes this in turn will lead to the evolvement of betfer
methods of disgnosis treatment and prevention of tropeal
Further after the war, 1t is probable thnt many of these men will mafn~
tain their interests and continfie thewr studies n these diseases, and there-
by prevent or at least delay o return to the pre-war *isolatiorust’
tgat. has had ns unfortunafe results in the medical as in the political

Wm%hudlg th i { tropical umbers of non
e invasion o pical areas lu.'r:ge o
immuns white troops will certainly bring (omht s wide prevalenco of
many tropical infections m ocalities where on acoount of the relative of
absolute 1mmunity to theso infections enfoyed by the wndigenous
tions, thev were hitherto unrecogmsed or st lenst looked upon es rare
f?ourthly because of the senmtiveness of these white troops to minoT
degrees of 1l health nnd because of the careful medical scrutiny to Whnhd
they are subjected the early mgns symptoms and other evidemce &
pathologeal reaction, of many tropreal mnfections will be studied mul
more thoroughly than was possible hitherto when the maj of efiue?
wers among membars of the natrve population who seldom sought medica
advice before the diseasze was well advanced. o
Finslly the urgent necessity for ymproving the methods of ngv&; -
and treatment of tropical diseases has led to intensive researc E';
Britoln and Ameriea on many aspects of thess wﬁhcti':
vacoines several infoctions for which there was no prophy v
hitherto avnila.blefmany relm;(rknble hlfecﬁbeuéiueu and insect repell
ifics for several disenses have
o '?‘hﬁ ﬂou the 1deal moment to report these advances u]:t ﬁ g
several yoars ofter the war before tho results of such worl
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summarized and ovaluated It will bo a pity if 1molated obeervations how
ever carefully mnde, rre incorporated into the textbooks prematurely,
that 1 bofore they have been shown to bo of general opplieation  dl~dical
practleo amongst tho well-disciplined members of the armed forces and
ynder conditions where cxgcmo 18 not o prime factor 19 very different from
practice amongst the highly individualistic and perhaps wneducated and
very poor, members of a envil population  Further, much of this'inform
ation 18 not yet availablo and much that is avatlable to the privileged
1s Dot et relcased for general publieation

MALARIA

Malaria has again meintained its reputation as the most important
tropical disease and m most war zones it Lias been responsible for many
times more deaths and mchness than all other tropieal disenses together
Further 1n many arcas 1t has proved a far greater menace than the
enemy and perhaps onc of the major triumphs of the medical corps m
thir war has been their achicvement in making the combatant cers
nppreciate this fact and agree to share the responsibility for malarie
contrg

Malana control.—It can probably be sad that no entirely new
prineiples in malaria control have been evolved but with better tools at
therr disposal many of which have been discovered during the war re-
markable results have been achieved by the medical and sanitary corps
of the armed forces and eome of the moat malarious 19lands of the South
Pacific have been almo<t entiroly {reed from malaria

Larva eontrol hay been revolutionized by the introduction of DDT
This hes made 1t posmble for example, to epray effectively from an arr
plane exhaust an acre of water with as little 68 2 cumces of DDT in the
form of a 10 per cent powder mixed with tale powdered soapstone or
road dust, where it required over & pound of pans green. This has also
been used effectively m jungle areas For spraying on water a 15 per
cent solution of DDT in kervsene or sump o1l 18 many times more eﬂ}::
tive than the oil alone and lasts geveral weeks Other mmular and even
aem effective substances have been prepared and are now being used by

arm

The freon emrosol spray and the wmromrol bomb for personnl use were
m valuable for adult mosqnto destrucfion in huts tents foxholes

trenches even whep they depended on pyrethrum for their lethal
properties but they became infinitely more deadly when DDT* was added.
A well-sprayed wall remains lethal to any insect settling on it for a
month or more but for | remidual aetion 1t 13 better to ute a £pray
containing § per eent DDPI‘nﬁn keroxens 1.0 gramme of DDT will make
100 square fect of wall lethal for morquitoes for 2 to 3 months

Severnl new repellents ineluding dimethn] phthalate for applving
to the wmecovered parts of the body have been introducel. Some of
thess are far more effective than the older repellents and rewain aetive
for at leart 4 hours but probably the mo<t important advance mn th
direction has been achieved by the impregnation of the elothing with
DDT (25 per cent DDT concentrate 1n xylens and an emul ifler
diluted with 11 parts of water) Clothes thus impregnated mamtain

thelr proteetive qualities for at much a3 6 weeks ncluding five or mix
washings

3 per cent pyrethrum cent xylobexanne S pr
ﬂl.krdmc-rbmdl&mcrut.mdl‘nm&&mmt"



plasm® usions
at —The enonmnotd yolume of work 0% maland that
crtahen 1B the United Glates oD certainly
ent no new o tetanding drg
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Suppressive drug therapy—drog prophylaxi.—The older regumes
(eg 02 gramme atebrm twice weekly) wete found to be nadequate for
the non-tmmune and larger {than the A iaties on expenience with whom
provious regimes were muainhy baged) Australian Briti h and American
soldiern It ha been found that the neces ary blood level to prevent the
development of clisieal malnon (12 mierogrammes) 18 achisved if 01
gramme of atebrin 1 given dmily for tno weeks before entry into am
endemic area and of course contmued for the whole period of residence
theran  If earlier protection is required this can bo achioved by doubling
the dow for the first week or mving a  loading  dose of 00 gramme on
the fitet day and continning with the daily dove of 0.1 gramme this
latter wll pive 1mmediate protection to o very large majonty of thoswe
taking it. If this suppressive treatment 15 continued for two weeke after
the rubject leaver the endemic aren complete and permanent protection
apam+t Plasmodium falcrparum infection 14 achieved but subject 1nfected
with P rwwar or P malarie w11l in almost every caee have an attack of
malana between the third and the mxth week of di continuing the eup-
preserve drug.

LEISHMANIASIS

Aumerous sporadic caees of kala azar have occurred amongst both
Bntih and Amcerican troops who have been stationed in Bengal and
Arcows  Some of theso have escaped dotection until they had returned
kome there are likely to be more such undetected coses

Both acate and insidious onsets have ccturred, but on the whole the
attacks have been more acute than thote usually teen 1n natives m the
endemic aren In most instances the diseass has been auspected and o
peranitological dingnoms made relatively early before the serum-globulm
tests tho aldehyde tho antimomy etc ve become positive leen and
rleroum punctures hiave been uted and most observers have found the
former more reliable

Moxt eases have proved relatively resistant to treatment this was
{o be expected mn view of the fact that the treatment was usually under
faken 1n the firet month or #o of the disense Neostibosan wos avail
able in the United States and was the drug of choico there but in Great
Brtain other tavalent compounds have been used Several drup
manufaeturers liavo made a preparation similar to solustiboran (Bayer)
and have markoted it under soveral different names Advantage has Eecn
taken of its very low toxicity to give it m much larger doses than these
tred hitherto and to facilitate this the drug Las been 1ssued in lower
dilutions e.g 25 per rent aoveral experienced workers have reparted
very good rerults  The diamidmes have not lived up to their early pro-
mie rtilbamidine 1@ the only one that haw proved really effective but
on accomnt of ata toxieity ats use ha  had to be Jimuted to resistant cases

In the prevention of leshinania infections it scems possible that DDT
may prove a verv mmportant aid. Sandflies reldom fly more than a few
fect at & time ysual progressing 1n a reries of hops a foot or les m
tngth. Thi means that before entering a door or window they will nearly
ll“grnlhzht on the {rame so that spraying or painting with a rolution
of D (see above under BMalana) the frames of doors and windows and
the walls immehately surrounding them m ide and outnide shouli pro-
vide an effeetive barrier againet the entrn of sandfliee  \fore effective
control would of courze be aclieved by treating the whole of the inside
wall  but thia may preve ruperfluou  How far 1t will be po* ible to
apph thic mearure 1n the cndemic srecr where the majority of the
People live in hut with rough wall and roof and openings around the
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