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Preface

The International Rezie-v of Tropreal Medicme has been cox\c:ned ma

period of rapdly changing social and teck
throughout the world Adyancement of mans economlc soctal and tech
nologie status has been ac d by 1 t indeed

revolution 1n the management ol fusalls The art me!\Cc and science of
medicine 1 the tropics which once were regarded as distinctive are now
thought of 1 broader terms for research has shown diseases once con
sidered as tropical to be prevalent also m temiperate zones

Changing patterns and concepts of disease mfluenced by riptd events m
other areas of man s activities emphasize that more and more the problems
of health are tmternational In a tume shrunken world where a man may
have breakfast in New York lunch m Pars and dinner in Cairo no longer
can he ufford to have one area of the world healthy and an adjacent one
sick

The International Re~ww of Tropcal Mediane 15 dedicated to this m
ternational concept of world medicine and focuses 1ts attention on  tropical
areas of the earth because here perhops are the frontiers of the practice
angd science of medicine Here tnibes are coalescing into nations peoples
are emerging, with new Ines and hopes to a world where modern devices
and knowledge cn bring freedom from diseases  Nowhere else m the world
but w the tropics are there such vast and fertile areas of good earth
rendered useless presently by disease organisms and vectors

The Intermational Reiten of Tropreal Medieme will provide crtical
reviens of hnowledge of disexses that affect men or ammals i tropical
chimates Diseases will be mterpreted n theit widest connot ition to include
those of an infectious metabolic or nutritional nature

T have just returned from a summer spent m several Centril Amencan
countries where helnunthic diseases outside of malnutriion (protein de
ficiency) arte the areas most pressing health problem Browd spectrum
efficient nthelnuntics will be a major weapon m helminthic war but even
the best of chemotherapeutic agents 1s naught i the absence of samtary
water supphes samtary disposal of mght soil and the Saturday mght bath?

Tlus first volume offers several viewpomts kG Cochrane m Ins con
tribution appramsing the present position of leprosy has made a strong plea
for the establishment of a world center for the study of what he suggests
nught e better cilled a powerhouse for the stimulation of research teach
g and tramung 1 leprosy throughout the world a registry of lusto
pathology 1nd 1 reference laboratory where the vinegated patterns of
lepro y can be ppreciated  Tlus 1s 2 noble 1der L C Faust has presented

n
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several facets of amebiasis which within the Jast generation has come to
be recogmized as an ubiquitous rather than a tropwal disease It thus 1l
lustrates the mternational character of our editorial policy

Sir Philip Manson Bahr has written of Iustory and there will be many
young and old who will gan nspiration from an examunation of the
romance surrounding the now almost legendary personalitres of our early
days

Harry Hoogstraal has ablv wnitten a strong case tn support of interna
tional efforts for the study of ticks and tich borne diseases H A P C
Qomen has added stll another tllustration of the multiple facets of our
objectives with his exhaustrs e analyss of Xerophthalmma

The paper of Morrns Goldman 1llustrates a further prinaiple that we
propase to follow Vie hope to bring to our readers authoritattve reviews
of subjects that represent frontiers 1 research Immunochemrcal diagnosis
by fluorescence offers mtri,uing possibilities for assistance 1 the unravel
ing of many mysteries i field and cliuc

Finally 1n this first volume we offer a word on sources of information on
tropical medicine by Charles Wilcocks To many old heads this may appear
elementary but to young physicians and asprring young medical researchers
in big and small centers of lewrning such a summary of principal source
materials will be of value 1 suggest some of us who arent so young mght
also find value here

We therefore have tried to offer an heterogencous series of papers that
will llustrate the chief objectives 1 bringmng to you authoritative critrcal
reviews of the state of medical practice and science nternationally with
primary emphasis on that vast new frontter of today—the tropics

You will find a hst of papers you may anticipate for the second volume
of the International Revica of Tropical Medicnte on a nearby page

Davip Ricrarp LINcicove
Washington D C
October 1960
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I Introduction

As the subject of the first review of this new senies leprosy 1s accorded
the standing 1t deserves and s recogniced as an integral past of medicine
For too long has leprosy been looked upon as a baffing problem mostly
fitted for the attention of the philanthropst ideahist Chmstian mus onary
and social worker and not one that has a rightful place i the halls of
saientific medicme  Even todav when much more attention 1s being gren
to the disease there 1s still a strong tendency to delegate to this subject a
secondary place 1 the study and teaching of mediane
Sir George McRobert lately Professor of Medine at the Medieal
College University of Madras emphasized i tus lectures that troprcal
medicine sumply meant medicine studied and practiced under special
conditions and 1 a parttcular environment pecuhar to the tropical and
ubtropical parts of the world
It may be well at the outset of this artscle once agamn to underline the
reasons why leprosy has for so long been the Cinderella of medicine One”
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of these 1s that 1ts roots go deep 1nto the past and the whole subject has be
come encrusted by tradiion this has resulted 1 1t beng placed 1 an
atmosphere of legend and superstition which has put dread mto the
heart and created a reluctance to delve mto the subject Further—and
I say this quite deliberately—leprosy has suffered from an association with
religious 1deas that were erroneous This has caused the whole subject
to be equated with certain theological concepts with reference to sm in
an age when sin stself has largely been explamned away !

The writer feels that a word of explanation 1s necessary at this pomt
Although 1 the early part of the century this erroneous Biblical mter
pretation of leprosy brought relief to a group of sufferers who sorely
needed help today this religious approach may be a handicap to the
saentific advancement of the study of the disease and a2 hindrance to
better understanding of 1t It 15 a difficult task to dissociate the mind of
the physician from the influence of past tradition and 1f this 15 s0 with
regard to the medical profession 1t 1s a great deal more <o with regard
to the general public Nevertheless there are signs that Jeprosy at long
last 1s bemng rescued from the dark dungeons of superstition and 15 being
brought out mto the clear Iight of day for 1t has now become a disease
that 1s most amenable to treatment as a result there 1s an increasmg
terest being taken in 1t by all branches of the medical profession and a
more intelligent understanding of the subject by the general public

But to create mterest 1s one thing to direct the new enthusiasm mto
profitable channels 1s quite another In order fo seeh a parallel to the
present situation 1n leprosy we should turn to that alled mycobacterial
disease—tuberculosis  When fresh enthusiasm was aroused through the
discovery of effectnve antibiotic remedies 1n tuberculosts and partreularly
as a result of new surgical techniques in the exploration of the chest
wall tuberculosis passed from the realm of superstition and dread into
that of scientific medicine  Over the past three or four centuries or more
tuberculosis mental ill health and leprosy have been considered to be
diseases qute apart from ordmary ones and have cast terror mto the
hearts of men resulting n the ostratism of the sufferer Tuberculosts was
the first disease to be rescued from superstiion but this was possible
only through the fresh enthusiasm that was aroused by the promse
of effective treatment The surgrcal approach to tuberculosis through
the advances 1n surgical techmques opened the eyes of the generafl public
to the fact that tuberculosis need mot always defeat man and that man
had now the means by which he could effectively combat this scourge—a
scourge that until fifteen or twenty years ago was of mortal significance

Mental health also 1s recetving attention through the mewer under
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standing of mental processes and the actton and counteraction of bio
chemmeal factors and of tranqulizing and other drugs As a result a fresh
impetus has been given to the study of mental 1lt health

1t should be ponted out that the three great social diseases of the past—
tuberculosts mental 1llness and leprosy—through the patient work of
devoted scientists are now better understood Because of this words
such as consumptive and lunattc have detmitely been put out of court
because they comvey a sense of social stigma disgrace and shame In the
case of leprosy at every International Congress of Leprosy since 1931
resoluttons banming the word leper in scientihc usage have been pre
sented It was at the International Congress of Leprosy at Madnd i
1953 that a resolution was finally adopted There 15 no doubt that this
word signihes a conception of the disease that not only 1s detrimental
to scientific progress but perpetuates an idea that encourages fear and
a wrong approach on the part of the general public and even on that
of the medical profession It should however be pomted out that the
wniter of this review 15 m agreement with the majority of leprologists 1n
not accepting the term  Hansen s disease as a synonym for leprosy The
term 1s inaccurate for although Hansen discovered the bacillus he
was not the first to describe the disease Furthermore the practice of
naming diseases after those who first describe them 15 falling mto disuse
1 personally would hike to mtroduce the term mycobacterial reticulosis
as a more sctentific name for leprosy Although 1 am aware that the
mycobacteria m general are invaders of the reticuloendothelinl system
nevertheless Aycolacterium I prae 1s probably the best illustration of the
commensal existence which mycobacteria establish 1n the reticuloendothelial
system  Leprosy appears to attack the svstem in a pecuhar and partecular
manner and lepromatous leprosy 1s truly a parasitization of the whole
of the reticuloendothelal system Iurther it appears that leprosy would
be a comparatively hemgn disease 1f 1t were not for the reactions of the
tissues agamst thiy parasiti. 1nvader m 1ts attempts to establish atself m the
reueuloendothehial system  Therefore 1 submut that a term such as

mycobacternal reticulosts 1s a more accurate name for the disea e than

leprosy  The former comveys to the muind what the dsease actually 15
whereas the word leprosy 1s etymologically incorrect This word hiterally
means scaly or peelng and would more accurately apply to such
diseases as psorists

II Euology

It 1s now generally accepted that the cause of leprosy 15 a bactllnse—
Mycobcternom leprac This 15 not the place to describe in detail the bac
tenology of this orgamsm or to discuss sts taxonomnc status in the bacterio
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logical world but st mught be useful to summarize the history of Mjco
bacternum leprae and to indicate certain interesting developments 1n the
field of artificial culture and ammal moculation

Mycobactersum leprae was discovered by Hansen m 1872 and the re
sults of this work were published 1n 1874 twelve years before the dis
cavery of Mycobacterium tuberculosis by Robert hoch m 1886 1t was
the work of Hansen that stimulated Roch to search for a smular orgamsm
1 tuberculosts A leprae 1s of particular nterest because 1t has remamed
a challenge to the bacteriologist Up to now 1t has not been defirutely
shown to have been cultnated on artficial media nesther have any ammals
been infected with the orgamsm Many claims however have been made
by numerous worhers that 3 lepree has been successfully cultivated
Among these are those of Frewre (1956) who maintamed that he
produced a growth of A leprac on a shde culture using a neutral medium
consisting of Kirchner s solution with 0 1% agar and 20% of lepromatous
plasma or serum Lleanor Alexander Jachson (1953) has continued to
work along these lmes and the clamms are at present being investigated
Sister Marie Suzanne (1953) caused considerable interest in the scientific
world by the publication of her work m connectton with the therapv of
leprosy but I think that 1t can be generally concluded that the mycobac
tertum that she has grown 1s not U leprae although 1t may be closely
allted to 1t There 1s some evidence that therapeutically 1t may act as an
antigen adjuvant and therefore this may explain the occasional success
reported as the result of administering her vaceine

At the Intermational Leprosy Congress (1958) held at Tokyo
very interesting developments were reported by Chatterjee (1958) of
Calcutta 1 connection with certam animal moculation expeniments Dr
Chatterjee used a special cross bred black mouse for this work he claimed
that he was able to produce a growth of 3! leprae 1n these mice and that
this orgamism was transmitted to other amymals He concluded that his
experiment seemed to be successful The evidence that Dr Chatterjee
has put forward 1s of great mterest and I have had the pleasure of
seeing this work n Caleutta It appears to me that there has been a
defimte mult:plication of M leprae within the tissues of these mice and that
a laboratory ammal has been found in which 1t s possible to grow
3 leprae and to mamtan growth for a considerable perrod of time

In this connection one must also mention the worh of Gunders (1958)
2 Liberta who has elaimed to have infected a chimpanzee with leprosy It
appears to me that Chatterjee (1958) and the other worhers have pro
duced a multsplication of M leprac i ammals but there 15 at present—
except perhaps for the work of Gunders—httle evidence that progressne
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disease has developed 1n any of the ammals Previous work on ammals
particularly that of Cochrane ¢f af (1945) n Madras has shown that
under hmited orcumstances an ammal will occastonally show mu]uphca
tion of M lefrae and even of the Joendothelial sys
tem but 1t also showed that 1f the ammal were kept alive for a sufficently
long period the multiphcation of the orgamsm gradually slowed down
until 1t ceased altogether and finally the bacillt dwsappeared from the
reticuloendothehal system of the anmmal Furthermore [ think 1t can be
said that 1t would be unlikely for an ammal to show signs and symptoms
stmular to those seen mn human leprosy but if an ammal were successfully
moculated the disease produced would be much more hihely to be of
the nature of that seen n rat leprosy -An other wards M leprac may
multiply 1n the reticuloendothelial system but does not show the charac
teristic clinical manifestations seen 1 human leprosy
It will be mteresting to follaw vp the work of Chatterjee (1958) to
see whether n the hybrid mouse 3 leprae continues to multiply 1n the
reticuloendothelial system of the animal over the whole span of the ammal s
hfe Dr Chatteryee s expertence may be sxmllar to that of others n that
1l m the r hal system which be
comes ivaded and the ammal appears to be a swtable one for the
study of infection but at the end of varying periods [in the monkeys of
Cochrane et al (1945) 1t was stx months} the bacilli cease ta multiply
and ultimately disappear from the tissues 1 personally would not be sur
prised 1f this happened 1n the tissues of these hybrid mice of Dr Chatter;ee
Nevertheless if a growth of M leprac can be mamtained 1n an ammal
for 2 swmtable length of time this would be sigmificant and would be a
great help 1n the testing of drugs for experimental screeming purposes
Tt has been shown by Rees and Wong (1958) that it 1s possible to secure
limited multiplieation of Mycobactersion #uns sitruon under certain
conditions and Robson and Smuth (1959) have produced a limited growth
of this organism on the cornez of mice Attention should be drawn to
recent work done by “Binford (1959) with reference to the moculation ex
periments tn Syrian hamsters  Following up the generally noted observation
that M I prae prefers anatomic sites of relatively lower temperature rather
than the internal organs he chose the external ear tal foot testss
scrotum and skm as inoculation sites Binford showed that istiocytic
lesions bl human lep leprosy 1 histo
logic pattern were obtaned in the testes and ears of the golden hamsters
approumately eighteen months after snoculation and that prehminary ob
seriations after five months indicated successiul transfer of the infection
to other hamsters Tt was of further 1nterest to note that of other ammals
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chosen mcluding guinea pigs white rats white mice and harrless mice m
none did the moculation experiments carried out on similar lines succeed
This 1 of sigmificance 1n view of Adler s work some years ago 1n which he
clamed nfection with M leprae by noculating Syrtan hamsters after
splenectomy

While progress 1s undoubtedly being made 1 our attempts to establish
an mfection of M leprae wathm the tissues of an ammal equally mterest
g results have been reported on experiments on the growth of Af leprae
m artifictal medra  The work of Rhanolkar (1951) should be mentioned
and 1t 1s of nterest to note that Cochrane (1954) made the following
statement some years ago  The predilection of Al leprae for nerves 1n the
early imtial phases pomnts to the possibility that 1 leprac can only be
come pathogenic i man after passing through the superficial nerve plexus
of the shin  This suggested passage through the nerve tissue opens up
triguing possibihities 1n relation to fresh approaches 1n the attempt to cultt
vate M leprae Khanolkar (1951) was able to demonstrate that A lefrac
appeared m very early stages of infection i the small cutaneous nerve
plesuses of the shin  His colleagues were able to cultivate an acd fast
organism simlar to M lepree in ntro usig human fetal spinal ganglion
cultures m the substrate An acid fast organism 1solated from several cases
of lepromatous leprosy and grown en stromal fibrocytes from human spinal
gangl or on a modihed flud of stock cell cultures several months old
adapts 1tself slowly to bacteriological media usually emploved for the
growth of M tuberculosis Rees and Wong (1938) have confirmed that
this mycobacterium 1s taxonomcally different from any mycolacterium
which has previoushy been described Further work will be needed to
verify whether st 15 actually M leprae

All this work adds undoubtedly to our hnowledge of V leprae and
1t 15 sincerely hoped that as a result the day has been brought nearer
when A leprac will have been successfully grown on artificial media and
an experimental ammal swtable for laboratorv evperiments will have
been discovered

III Epidemiology

Although 1t 15 umversally accepted that W leprac 1s the causatnve
organism of leprosy 1t 1s of interest to review the question of the factors
necessary 1n the acquirement of clincal signs of the disease after the
tissues of the human body have been challenged by M leprae

There 15 a growing amount of evidence indicating that the shin 1s the
pomt of entry of M leprae and that from the shin the organism 15 prob-
ably rubbed mto the finer nerve terminals and 1s first seen 1 the cells
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of Schwann The Schnann sheatls apparently extends to the prackle cell
tayer of the eprdermus but 1o thie situation st appears 1o wrap steelf
round these tells as 2 very fine almost rmperceptible membrane There
fore st 1» not difficult to comjecture that st would be easy for the baalh
to penetrate through the epidernms mio the Schmann sheath and then
mig the Schwann cells  Furthermore the avts ¢ylinders at ths powt
are i close prosumity to the Schuann sheath so that there is 1o visible
separation and therefore the parusite could alse find emrance into the
axs gyhinders of the nerves It 1s apparent from the work of Rhanolkar
{19513 wd Weddell of of (1959) that blehs or saccules deselop i con
nectton with the Schwann »heath and the axis evimders and that these
contarn M leproc which vitimately burst wto the surrounding tissues
The further development of the disease therefore depends on the inter
action between the tissues and the boalhn  These concepts will be dis
cussed later

It foliows therefore that sf the shin ts the most smportant argan m
the "epurement of leprosy it 1 ymportant 1o consider what type of contact
ts necessary for infection and for the development of the disease the es
sentiaf question is  How long st this contact coptinue of an dnaduaf s
resistance 18 to be sufficiently altered for the hnoith to produce a break
down of the defen es of the body and the resutung wigns of chnwcal
feprosy

All the evidence goes to show that it ss the open ca ¢ of leprosy which
is infectne and that the closed case 15 generally speakmng nonwfectnne
By an open case of feprasy s weant that form of the i ease m which
M leprac ean be ssolated from the yhan by routine methods of eximina
nan Jf this definition be accepted ot follows that any case 191 which the
baeattus can be dernonstrated in the shon or the mucosa s ewher actualfy
or potentially an open or infective case  although 1t 55 true that lepro
mtous Jeprosy contams as a rule the Targest numbers of argamsms
s the shin ¢ does not follow that fepromatous leprosy s the only form of
the i esse s wlhach M Ieprar can be possed to a healthy mesber of the
commumty  The tendeney for certamn forms of leprasy for example the
dunorphous maeular lesson and the so called Poussee baeilisfere of the
Belman worhers {a form of tuberculosd leprosv) to pass through posiise
Thises lrgely expluns the contention by Dasison (1949)  \MeDouald
(1931} and others that nonlepromatous leprosy must be considered n
fecine If therefore 1t 1s accepted that the shin 13 usually the site of ontry
of Af feprae the next question anses  How much contact 1s necessary for
an mdsssdual to derelop the disea e?  The deselopment of & particular
disease requires not only the introductiog of the erusatine orgatism into
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the tissues but there are many other factors that influence the acquirement
of the disease

It has been maintamed for a considerable time that intimate and pro
longed contact 1s necessary before a person can be nfected with leprosy
Tt1s however svery difficult to say exactly what 1s meant by mtimate and
prolonged contact This may sigmfy weeks months or years In this
connectron Badger (1959) states that 1t 1s recognized that an individual
who has had intimate contact over a long period of time will be more
Iihely to become infected than one who has had only casual contact with
an nfectious case  There has been a considerable amount of d;
over the past years as to the amount of contact necessary and as to the
mtimacy of that contact but the main fact that has come out of these
discusstons 1s that leprosy 15 a contagious disease and 15 acquired when a
case which 1s discharging bacilll from the shin or mucous membrane of the
nose comes mto contact with a healthy and susceptible member of the
community

There 15 much accumulated evidence to show that contact 15 the mam
factor 1n the acquirement of leprosy and it 1s of interest to note that this
15 emphasized by the appearance of certain mtial lesions 1n leprosy For
mstance 1n certain parts of Africa one of the sites for a primary infection
15 the center of the forehead whereas m other parts of Africa this 1s not
seen nor 1s this tnitsal leston seen 1n India or 1 Korea If one mvests
gates the methods by which children are carned in these countries it 1s
noted that 1t Africa where the imtral lesion 1s not infrequently seen on
the forehead the mother carries the child on her back and as the back
15 nahed the skin of the childs forehead 1s comstantly being rubbed
agamnst the infective slon of the mothers back In horea although the
child 1s carried i exactly the same way the mother 1s clothed and the
mtral lesions appear on the child s arms or other parts more exposed to
handhing Ir Indra the more common sites for mmtal lesions are the
thighs and buttochs for mothers carry their children on therr hips 1n
that country Further Rogers and Mumr (1925) have brought fornard
evidence to show that a child after constantly Iying on an nfectne pillow
may develop a primary lesion on the cheek

Workers particularly m India have emphasized age as one of the most
important epdemiologteal factors and as far as Indra 1s concerned this
1s true  Cochrane (1947) made the statement that the majonty of per
sons acquire leprosy mn Indra before the age of 20 and [that]} many have
been tnfected by the tume they reach fifteen years of age  Recently
Badger (1959) has disputed that age 1s an mportant factor the ept
demiology of the disease This contradiction apparently lies 1n the ob
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servation that socmal customs differ suffiently to explam this anomaly
Cochrane (1929b) has pointed out that if these customs are studied 1t will
be found that generally spealing s the East children tend to come into
closer and more intimate contact with an nfected parent or relative than
do adults and 1n the West adults tend to come 1nto more intimate contact
with an infected person than children For instance in the East one sel
dom finds that husband and wife sleep 1n the same bed as a regular
habit whereas a chuld will always sleep with one of its parents In the
West however the general custom 1s that a husband sleeps with his wife
1n the same bed and the ¢hild sleeps 1n a separate bed This means there
fore that a child 1n the East 1s much more intimately and continuously
1 close contact at mght with an adult than one 1n the West and 1t must
be admitted that figures analyzed by Badger (1959) show quite definitely
that as far as America and Hawau are concerned leprosy 1s not neces
sarily a disease of children It can be concluded therefore that the most
important factors i the transmission of leprosy are the presence of open
cases 1n sufficient numbers and the opportumty for contact with the
sources of infecion The greater the mtimacy of contact the greater the
nish of becoming mfected

Other factors have been incrinunated mn the acquirement of leprosy
These include fanuly susceptibility race diet chmate sex and indirect
contacts by means of msect vectors In the opinion of the wnter none of
these 15 of paramount mmportance 11 the acquirement of leprosv compared
to the importance of direct contact with an nfected mdividual

Kinnear Brown (1959) has suggested that susceptibility to leprosy may
be related to some complicated genetic factor Rotberg (1937) and others
have surmised that the susceptibihty of leprosy may be due to what he
calls an N factor It may be that this type of susceptibihty is inherent
i the genes Therefore 1t would be difficult indeed to produce evidence
that there 1s a fanuly susceptibility or a genetic factor in leprosy without
mtiatng a very compheated enquiry  In an ordinary amalysis of cases
anising an any partcular neighborhood  famuly hity 1s not a
factor that strihes one unduly Since however the day when Jonathan
Hutchinson (1906) incrimunated fish eating, as an epidemiologrcal cause
of importance mn the acquirement of leprosy diet has assumed a place of
mportance tn the epidenuology of the disease  Although it 1s not disputed
that 11 certain forms of leprosy particularly advanced lepromatous leprosy
as seen m the Mongolan and Caucasan races a gross protein deficiency
has to be taken 1nta account—for 1t 15 a factor which 1s Lable to result
m a nutritional stage that not enh s detrimental to the healing of the
disense but may produce secondary uleerations which termnate i death
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—in the opmion of the writer this 1s due rather to the disease causing
an mmbalance mn the protemn metabolism than to the absence of an adequate
amount of protemn causing this manifestation of the disease

Shinsnes (1958) in the recent International Congress m Tokyo em
phiasized the importance of diet 1n ths respect Nevertheless as a straight
epidemiological factor 1t 1 extremely difficult to incriminate diet as a
basic factor 1n the causation of the disease Cochrane et of (1940) con
cluded after a four years study of dietetre factors m lepros) that no
relationstup could be discovered between diet and the progress of the
disease or the acquirement of the more serous forms of leprosy and
that once leprosy has been established m a commumty an improvement
m diet does not show a corresponding mmprovement 1n the mcadence of
the disease or result in a marked difference in treatment

Cochrane (1935) and Lovwe (1938) have pomted out that generally
speahing the lighter colored races not only tend to have a higher nc
dence of lepromatous leprosy but that the results and progress under
treatment are not as satisfactory as for the darher races This rases the
question of ractal susceptibilbty It can be sard that the wncidence of
lepromatous leprosy 1s higher 1n the lighter colored races than in the
darker hbut there 15 not sufficient evidence to ndicate that one race shows
a higher susceptibility to leprosy than another

1Vhen chmate 1s considered it must be concluded that 1t plays httle
part 1n the acquirement of leprosy except that in areas of high humidity
1t 1s frequently noted that socal customs are such that closer contact 1s
seen between the healthy and the infected indnidual 1 a commumty

In summary then it can be said that leprosy 15 acquired 1n the main
by contact with an open case of the disease—and this contact 1s usually
more or less ntimate such as sleeping m the same bed with a patient—or
by any means by which the mfected skin 15 rubbed agamst the shin of
the healthy contact Indirect contacts such as bedding matting clothing
etc must also be mcluded 1n any discussion on epidemiologs  There
fore apart from the possibility of a racral genetic factor increasing the
susceptibility of an mdividual there are probably no other factors of
any 1mportance m the acquirement of the disease and awr jood or water
need not be considered seriously m any discussion on the epidemiology
of leprosy

IV Immunology

The subject of mmunology 1 our understandmg of the defense which
the tissues put up agamnst A leprac has assumed an increasing smportance
i the general discussion of the deselopment and spread of leprosy within
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the body As in all diseases there are two forms of defense that one must
discuss first natural immumty anl secondh  acquired mmmunmity  Itas
An observation of some mportance that leprosy 1s one of the less contagious
diseases which afflict mankind and that the susceptitality rate 1 a gnen
commumty varies between Z and 107 of the population Tius mens that
90-98¢% of the human race 15 relatively nonsu ceptible to the diser e or
have acquired a lrge degree ot natural immumity  Unul now the subject
of immunolooy has Leen viewed too much from the poit of view of tissue
hypersensttivity or potentral hypersensitivity that 15 m terms of the
lepronun reaction and not enough attention has been given to the subject
of immumity m gen ral In other words while the matter of tissue resist
ante or tissue immumty has been very fully discussed the question of
natural smmumty or nonsusceptibility his received scant attention untl
recentlv. when as I have smd fundamental research workers have tihen
an itere t m the whole subject of leprosy Therefore in any di cussion
with regird to smmumty from leprosy the two factors thit must te
Lrought under consideration are first natural immuntty and  second
acquired 1mmumty

A Naterat Invesory

Tt 1s known that uat alf persons who are challenged with Af fprae
develop leprosy and in the human race the susceptible indnviduals appear
to be between 2 and 1090 of the total population  This means that most
human bangs have a natural unmunity to leprosy  Fither one of two
things happens (1) A leprac 15 unable to penetrate the epidernus and
therefore cannot be introduced into the hine nenve ternunals ot (2) when
mtroduced the macrophages whether these be the wandering histiocvtes
m the cortum of the shin or the Schwann cells are able to destroy the
taailius and thus the bacillus never gmns a footing withun the cefl and
cannot multaply

{1) Tt would be very difficult to prore that 1f Ieprae n certun n
stances cannot penetrate the shin and therefore cannot fect 1 human
ndindual It 15 interesting to note however that two binpsies were per
farmed on children who had bLeen 1w contact with open ca es Junpubl hed
work] the children were of About the same ape  both hal profonged con
tact with the mother who was nurang them and who was with them all
the time and both were sieepig with the mother at mght  In one cid
the biopsy reveakd an early nfection of the nene endings of the shin
supgestive of lepromatous leprosy wherens m the other child there was
1o such evidence ‘This opens up an interesting passibality. which can be
confirmed only by the study of contacts of open cases of leprosy under all
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circumstances and at all ages to see why 1n certam indnaduals even
though there 15 contact with wmfection the orgamsm cannot apparently
penetrate the skan and establish itself

(2) The second reason for the nonsusceptibthty of the 1ndniduat may
be that the macrophage cells of the reticuloendothelial system may not be
a switable medwm 1n which V leprae can multiply and when they enter
mto these cells they are destroyed Hanks and Fernandez (1956) have
shown that a condition can be produced or perhaps stmulated m con
nection with the allied organism of leprosv—xcobacterum murts murum
—utuch results ma the infectiou etther beng delayed or completely aborted
These workers reported that 1f mice were given moculations of bacillus
Calmette Guerm (BCG) together with a heat lulled suspension of Af
muris murmm then after these ammals were challenged with Ine rat
leprosy bacillt mn a significant proportion of cases the disease did not de
velop and further if during the latent period of the disease the ammals
were inocufated with the same mxture the development of leprosy was
delaved or aborted altogether He stated therefore that BCG vacctna
tion combined with a heat klled suspension of M #turis sursumt acted as
an antigemc adjuvant It 1s interesting to note that Hanks (personal com
muntcation) has also suggested that hydnocarpus or chavlmoogra ol may
also act thus and thus opens up an ntrigung field for research which al
though difficult would give us important mformation as to the mechanism
of natural immumty On the other hand Ammnear Brown (1959} may be
correct when he suggests that natural immumty 15 a recessive genetic
factor and he emphasizes this tn a recent article which supports the
adeas of Rotberg (1937) who referred to the N factor which some
mduuiduals appear to possess though m others it 1s lacking  Fernandez
(1943) has referred to this as  protective allergy  but had i mund that
form of tissue defense in which the lepromin reaction 1s positive

B Acgumrep Daruniry

When one 1s d the possibility of acquired one h1s to
adrt that this as far as we know can be discussed only m terms of a
tissue response or a hissue defense  Although 1t 13 hnown that hypersenst
tivity does not necessarily mean immunity nevertheless the desvelopment
af a hyper: ity ora ! byp ty results i the body
defending stself agamst M leprae  This defense 15 increasingly successful
1n proportion to the strength of the allergs that the tissues can develop It
15 altogether too large a subject to be discussed 1 detail 1n an article of
this pature but the value of the lepromun test m estimating the degree of
tissue defense has 1ssumed importance within recent vears It 15 suggested
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ihat not only does a positive fepromin sigmify an adequate tissue deten e
but that possibly one can use repeated feprommn smjections as a thera
peatic remedy v the treasment of leprosy so that by reatment with i
Jections of leprommn the response n the fissue udl be changed and
therefore the g become dingly more fzvorable Rudley
{1939) emphasizes the importance of lakmg fiote of the role of the lym
phocs te in estinating prognosis and Ruper (1938} has suggested chat by
mjections of lepromin the {ymphocy ic response 1s stmulated 1nto actinity
and he therefore concuded that there may be a therapeutic valie 1n re
peted fepromun tests It 1s generafly assumed that a positive lepromin
reachion 33 of better prognoshic salne than a negaine one nd many work
ers parhentasly Chavssipand (1948) Yernandez (1939: and de Souza
Campos (1953) a4 stress on the mmportance of using BCG \acomation
ta transform 2 negatne leprotun e & posttve 1 persons who have
contact with open cases of Jepross  The subject s an extremely comph
cated one and the optmssa with regard to the possitrhty of using BCG
vaccination as a presentne inoculation hay been somewhat damyened by
the fact that 1t has been shown by Doull et af {{957) that Jepromun tesing
will atself cause a transformation to a posiive reaction | urther these
vorhers have shown that 1 the ordinary normal development of an
dvidual from anfancy to childhood there 5s a moarked tendency for a
lepromin positive reaction to develop m the tisswes although they have
not been challenged by M leprac  As I have said elsewhere acceptance of
the theory that positce lepronun snduced by BCG sacanation or by any
other means 15 effective i preventing the deselopment of leprosv depends
on whethet one accepts the theory that the affergic response determimes
the type of the disease or considers that the type of disease determines the
allergie response  If the formes statement 18 true st 1s advisable that
everyone who shows a negatne fepromun response should have this trans
formed wnto a positise but «f the type of di case determines the allerpic
response transformation of a negative 10 a posstive lepromn reaction may
fiot be of any wwmunologcal sigmficance  One  unforturately has to
frave this fascmanng subject unud more evsdence 1s accumutated nah 1e
ird to the question of natural and acqusred smmumty to leprosy

In any discussion concermng the subject of mmmunity n leprosy
<houlil be noted thar the mere cireulation of antibodies s no mdication
of effective mmmunits  The evidence supports the contentson that the
greater the amount of crreulating antibadies the less able are the tissues
to def nd themselves agamst M leprac for st has been shawn that
the actnne progressive forms of lepromatous leprosy m wiich the { roguosts
s poor there 15 a reversal of the <erum globulmn and the serum albumn
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ratios 1n the body with an accompaming increase in plasma cells This
indicates that an mcrease i arculating antibodies resulting 1n antibody
formation 15 not a true fi of adegq; This altera
tion m the serum albumun and serum globulin ratios only sigmfies a bio
chenucal reaction which results in the sttmulation of what rmght be termed
chemrcal antibodies rather than any indicatton of the ability of the tissues
to overcome M leprae

In concluding this discussion on the subject of immumty the question
nught be raised as to what happens i a lepromatous case that becomes
negative for 1 such a case the ability of the tissues to develop an effectrie
tissue response 15 absent because the lepromin test remams negative
Therefore this method of cure does not depend on the development of
a hyper: t It 1s d that 1 such instances
the body has been able with the assistance of drugs to destroy large
numbers of W leprae and an immumty analogous to natural immumty has
developed It 1s interesting to note at this pomt that those cases which
hasve been described as persistent positine cases that 1s those patients who
remam posttine to Af leprae by routine methods of examination for periods
of over four years sometimes show sigmficant mmprovement and reach
the stage of negatrvity when the drugs are combined with older methods
for example ntradermal mjections of hydnocarpus o1l This pomnts back
to the suggestion that under these circumstances hydnocarpus orl may be
actmng as an antigemc adjuvant The subject of immumnity 1 leprosy there
fore must be left at this pomnt with the emphasis on the fact that a great
deal of research of a fundamental and basic nature ts needed before this
complicated subject can be fully understood

V  Diagnosis

It would not be within the scope of this article to give any detatled
description of the methods of dragnosis of leprosv or do more than briefly
mention the subject of differential diagnosts One must however stress 1n
the mtroduction of a paragraph on diagnosts that the lepromun test 1s #oé
a diagnostic test The very fact that a patient shows a lepromin positive
1s no indication that the diagnosts of lprosy ss confirmed for there are
many early lepromatous cases which are difficult to dagnose w hose
lepromun 15 completely negatne On the other hand there 15 as 1 well
fnown a cerfamn amomnt of cross sunity o leprosy and the presence
of other acid fast orgamsms for nstance 3 #uberculosts will transform a
negatrve lepromin mto a positne It 15 also quite unknown whether other
acid fast organtsms such as the smegma bacillus which most 1f not all
human mdniduals harbor in certam secretions also act m this way
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And this may be one of the explanations ot the spontaneou conversion of
a negatne leprom:n to 2 positive m persons who never have been 1n con
tact with hnown mfection The lepromm test therefore 1s of value only
when a case has been detimitely diagnosed for 1t 1s useful to the physician
a 1t gnes Jum confirmation as to the evolution of the disease m the
chinieal form which presents tself at the time of diagnosis and 1s con
firmatory evidence along with chinical signs and the histopathological re
port of the strength of the tissue defense 1n an individunl case

It1s I think generally accepted that leprosy 1s primanly and mitially
a neural mfecton  Khanolhar (1921) as alreadv mentioned has ponted
out that leprosy 1s neural 1n inception and one of the best aids to diagnos:s
m doubtful cases 15 a study i the changes in the nerve endings in the
shin Weddell ¢t al (1959) have shown that there are three neurohisto
logical pictures 1n shin infected with Al leprae first the tuberculoid pic
ture second the lepromatous and third the dimorphous It 1s impossible
1 an article of this nature to dwell on this important aspect of diagnosts
One only can mdicate that 1n tuberculoid leprosy the tissues of the dernus
are grossly disorgamzed and the neural elements n the skin appear to be
completely destroyed In lepromatous leprosy on the other hand there 1s
seen a full complement of axons winch are grouped i bundles—as they are
1 unaffected shin—but the bLundles are surrounded by densely pached
masses of cells {most of which contam actd fast baailly which fill the
channels occupied by the neurova cular bundles 1 the normal shin
Weddelt et al (1959) state  The hstol 1 picture 1n bhsh
cases of lepromatous leprosy 1s consistent with local pressure on nerve
bundles lewding to relative 1schemia of hbres and a nmunimal amount of
nerve destruction followed by r In bhsh P
leprosy acid fast bacillt ure seen n profusion in all cells belonging to the
reticulo endotheln] system as well as m the Schwann cells and other
neural elements  In dimorphous le tons the pictures formed an inter
medrate senes between those scen 10 established tuberculoid lesions and
those seen in established lepromatou lesions but there ts a consistent
pattern which should be of diagnostic and prognostic sigmficance n early
cases  \ detailed study of the neurohistologicat pattern of the shin 1s
of utmo t mportance m establishing a diagnesis of leprosy n doubtful
cases

In discussin,, the diagnosss of leprosy 1t must be borne i mind that
teprosy imuhites 1 large number of dermatological an 1 neurological con
diions It may Le necessary  therefore to use pecal histological tech
ntjues with reference to nerve stuntng in order to confirm or reject a
diagnow of lepro v n those ¢ es of doubtful diagnosts  Weddell et of
(1959, anl Schofield (19:9) hne de cribed the e techniques
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VI Classtfication and Signs and Symptoms

It may be considered that 1t 15 unusual to place classification before a
description of the signs and symptoms of the disease but I have done this
with deliberate intent because the subject has been a controversial one for
many years It 1s important that the classification of leprosy should be a
scientific one one that will gre the person using 1t an apprecition as to
the position the patient has reached m the development of the disease A
classification 15 of httle value if 1t 15 merely a catalogue of terms One
need only review the history of classtfications of other diseases for 1n
stance dseases of the kidney and blood dyscrasias fo apprecate this
These classtfications have become more and more complicated as these
conditions were better understood

All too frequently classificatrons mn leprosy can be likened to a sertes of
compartments i which one files a name which one has given to a particular
mamifestation of leprosy rather mn the manner of a post office clerh who
places his mail i various pigeonholes such as London Liverpool New
York Washington quite irrespective of the contents of the letters It
was unfortunate that at the recent Tokyo Congress (1958) it was mot
possible to do more than outhne a practical or field classification this
however recewved the unammous support of the Congress Nevertheless
this classification 1s a strictly climical one and 15 based on certan clmeal
signs and therefore 1s of lttle scientific sigmificance In this mstance
leprosy 1s divided into macular cases with or without anesthesa 1n
filtrated cases with or without anesthes;a and cases whose only presenting
symptom 1s anesthesia Generally spealing all cases which do not show
anesthesia and belong to the macular group 1n which acid fast bacills are
not detected by routme methods of exanunation are placed mnto the mde
termunate group Macular lesions that show anesthesia are classified as
maculoanesthetic lestons The two polar types tuberculord and leproma
tous are retaned in this cl and those infil d lesions that
have charactenistics of both lepromatous and tuberculoid leprosy are con
sidered to belong to the borderlne (dimorphous) group A place m the
Tokyo classtfication for the pure anesthetic (pure neunitic or polyneuritic)
case has been found and a separate group has been designated the neurrtic
group This ck 10n 15 easy of appl

It 15 of no real significance that the Latin American worhers prefer to
place the maculoanesthetic lesions as 2 subheadng of tubercuford fep-
rosy and they are also m fasor of placing the neuritic cases under the same
subheadmg However if onme looks at this classification from a detailed
and critical pomt of view 1t 15 of very little help to the physician 1n ests
mating prognosss or 1 endeavoring to find out just where 1n the scale of
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the evolution of the disease a particular patient 1s  Unfortunately the
Tokyo Congress could come to no agreement with regard to a standard
detailed or scientific classification and this matter has been left over to
another Congress

It might however be of value here to discuss certan basic principles
1n approaching the classification of leprosy In the first place one should
rtealize that the picture of leprosy 1s not 2 composite or stereotyped picture
but a very varsegated one It 1s necessary when one 1s considering leprosy
to realize that there 1s a certain basic evolution and development of the
disease and that 1t 1s our task 1n devising a classification to indicate as
far as possible where a patient 1s mn the development or evolution of the
disease—in other words a classification should be symbolic of the ultimate
prognosis  Further 1n so classifying a case the very symbols used should
be a guide to prognosis It may be said that once M Jeprae has entered
the tissues and has begun to multiply there is constant warfare
between the bacillus endeavorng to get the ascendancy and the tissues
endeavoring to overcome the bacillus  The former one might designate
the lepromatous element mn leprosy and the latter one nught call the
tuberculord component In the great majorty of nstances the cases that
present themselves are seldom completely lepromatous or completely
tuberculoid and therefore in most 1if not all cases of leprosy there 1s
evidence of both tuberculosd and lepromatous leprosy this phase through
which hhanolhar and Cochrane (1958) believe all leprosy passes they
have designated the dimorphous phase If i the course of the disease
the tissues show a complete ascendancy then tuberculowd leprosy 1s seen
On the other hand the presence of the bacillt 1n suffictent numbers results
m the breaking down of the tissue response and the final evolution of
the disease 15 then lepromatous leprosy Therefore the work of the Latin
American wnters i particular Pardo Castello and Tiant (1943) was
essentially sound when they enunciated the polar conception of the disease

As pomted out elsewhere the confusion 1n respect to classification
anises from the fact that the natural evolution of the disease 1n the human
tissues has not been adequately studied It has been contended n this
article that on entry of A leprae into the shin there 15 at first a muntmal
tissue response which Iustologically 1s seen 1n the form of a sumple
mflammatory reaction which consists of round cells wath no character
1stic distribution Without special technmques such as Weddell ef af (1959)
have described or the help of 1t would be mmpossible to make
a defimte diagnosss of leprosy h i This
phase however 1n most cases which progress 1s a passing one and sooner
or later the tissue defense begins to declare itself This 1s seen by the
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gradual transformation of the histopathological picture from one of a simple
mflammatory reaction to a more definite and speific histology  If there
15 wherent m the tissues a potential tissue immunty then the simple m
flammatory reaction gives place to a hitopathological picture which 1s
mdicative of the development of a defense that can be described as a
tuberculoid response that 15 a concentration of round celly and lympho
cyvtes around the appendages of the shin t commencing mvasion of the
nerves and the appearance of epithelioid or tuberculowd foct usually as
socrated with the shin appendages If this tissue response 1s further stimu
lated erther as a result of the natural development of the disease m the ind;
vidual or by BCG vaccimation then the tissues show a much greater
capacity to put up an effectrve defense against the organism and defimte
and marked tuberculoid foct appear this 1s seen 1n a massive involvement
of the whole cortum with epitheliord cells and grant cells and with gross
1nvolvement and total destruction of the nerves m the subcutaneous tissue
As a result the bacill: disappear from the tissues with subsequent healing
of the leston Jeaving not infrequently sequelae in the form of scars and
signs of nerve damage as evidence of a successful battle of the tissues
agamnst this mycobacterial mvader

On the other hand 1f for some reason the tissues cannot build up such
a defense a completely different evolutton 1s seen The sumple inflamma
tory reaction 1s replaced by the mobilization of histiocytes or macrophages
and these begmn to phagocytose the bacilli—and spread them down and
outward mto the cortum of the skin and thus the whole of the reticulo
endothelial system 15 opened to attack In this way progressive lepro
matous Jeprosy develops and there 1s no evidence whatever that the
tisstres can effectively combat this mycobactersal tmvader It 1s i this form
of leprosy that bacterzostatic and particularly bacteriocidal drugs if avail
able produce their most outstanding successes

The tixsue response s not usually so clear cut as described for 1 the
development of leprosy either as tuberculord leprosy or lepromatous
leprosy the mdnidual usually passes through a phase or zone n which

lly and histopathol lly there 15 ewdence of both tuberculoid

and lepromatous leprosy and this has been referred to as the dimorphous
zone It 15 mmpossible to describe i the space avaable the detaded
Hastopathological picture in the various forms of leprosy but Tables I and
11 give a brief summary of the climcal characteristics of the disease first
1n relation to macular leprosy (Figs 1-5) and second in relation to
filtrated leprosy (Figs 6-11)




TABLE I

CHARACTERISTIC FEATURE OF MActLES IN LerRosy

Dimorghotis
(ndeterm nate)

and numerous

Data Maculoane thetica Lepromatous
St ¢ and oumber Large ingle or few in number  Multiple small
Di a and a Diffu e and trical

Texture of skin

Penphery

Sensation

Baaills

Lepromn

Tough and dry

Definite

Usually some loss of sensation
this may be relatiyely gross

Usually negative

Sl ghtly po itive or positine

Smooth and hiny

Vague

Lattle or no loss of s ation

Fxcept i the very early pre
lepromatous phase bac Il can
always be demon trated by

tandard met! ods of exami a
tion

Negative

Imal large le ton and thn
numerous mall atellite ma
cules

May tart as m tuberculor)
macufar lepro y showng a
sumfar  distnbution  then
smaller les ons appear these
are diffusely distr buted as
leproma

“Tends to be rough and 1 rinkled
«r crea

Large les ons how a more d f
imite edge that of the small
er lesions 15 indefin te

Varable larger lejons ten!
to show lo s of en ation and
smaller le 1015 retam sensa
tion

Le 1cns are usually negative to

tandard methods of exa na

tion but may he positive ac
caiomally aiwd mtermittently
strongly so

Varable never
tive

tr ngly post

It 1 to be noted that the Latn American Workers (1959) con wder that the maculoane thetic le ton 1

© sen

tially tuberculoid and that, therefore they cla iy this climeal manifestation m leprosy al ng with tuberculord leprosy
and de 1gnate 1t tuberculord macular
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TABLE ¥I

SusMARY oF TRE CLINICAL CHARACTERISTICS OF INFILTRATED Lustons

Data

Leprides (; d)

D r

Lepromatous

Stee and namber

large and refatively few in
number

€k 4

Edge and mbltration

Sutface

on the outer aspect of ex
tremities face scapulae and
buttochs

Definste edge  the mfiltration
stopes from the center to the
periphery  ending i 3 clear
cut margm grong the lessons
the shape of a saucer the
nght way up

Rough  frequently scaly  may
show healing center

Lesions numerous 1 there are
targe lesions there are also
numerous smatler lesions scat
tered diffusely over the body

Dustribution  as = leproma
scattered all over the body
tends to be symmetrical

Edge vague  the infiltration
stapes from the persphery to
the cemter 1e the most
promnent part of the Tesion
or the part most eanly seen
15 not the edge but toward
the center givsng the apprar
ance of & saucer upside down

Rough {requently scaly may
show healing center tmt this
13 less common

Lesions gsually small wmdond
ual lesson 15 difficult to dif
ferentiate  because  lesions
tend ta coalesce

Lesions scattered all over the
body symmetncally and wide
spread 1n distribution

Seldom possible to differentiate
the codge of an wndnadual
lesion for each lesson fades
snto the next except when
nodules  appear  these are
seen su the mudst of the tepro-
matous infiliration

Usuatly smooth unless there hay
been ulteration which Teaves
a crast andicating  previous
breakdown of the skin Lep
romatous leprosy as it re
solves may leave 2 tissue
paper appearance or wrn
kling of the skt when a 5o
dule resolves there 1% an
appearance as i a  bublile
Fas be n perc
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e 1

Maculoane thetie Jesion There
3 a large macule ju t above the knce on

the mght sde  The scction showed an
€ hebord Jocus m the  subcutan ous
nerve

Figs 1-5 Macular lesions

T 2 Maculoanesthetic lesicns Note
the multiplicsty of the lesions thear sym
metrical dt tribug ¢ and tae smaiter 111
defined lestons  Dbetween the larger
macules  This 1s [robatly not a true
matuloanesththie case (that 13 a macu
{ar tuberculoid) but 1s 1 the dimorf hous
one  however i s clmwally W oew
loanesthetic

In 3 Drelerromatous mcuar le
1ons Note 11 vagueness of the edge of
the lestons and the multipherty of the le
suns  Under the Tolyo classificaton
this group of le jons soukd have to be
clasmfied as wdetermmate  lustalogreally
and immunolcgically they are essentially
of « lepromatous nature but isofar as
no bacilll can be found by routine
methods of exammation they ha e to be
placed n the jref promatous category

N
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Me 6 Awmor therculoid  Note the
wingle le 1on on the outer aspect of the
nght chech and the clear cut pebbled
lorder Hast lopically this howed well
tuarked e athelior 1 focr

Fics 6-11 lafiltranve te 1ons

It 7 A\ctive major tuberculowd le
sion  Note the clear cut elge anl that
this 15 a simgle lesson The Mistology
shows marked tuberculod features and
no evilence of a clear uheps lermal zone.

1

-~ } i
TSNP r— L
Tc 8 Reactiorial tuberculoxd  Note

the multphicity of the lectons thew sym
metrical distrilution anl the clear cut
edge of each feson From  Modern
Trenls in Dermatology (R M B ‘Mac
kamna ed) p 161 (T 29) Hoeber
New York 1954
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B I)nm rlh)u

afilt atne 1p
£y (b oal tiercsl df Note the

mibyhc s of th fc ars fer ym

mtry e (8 lge fa
f feclesn  nl 8¢ omer ¢ oof
mall  bltrat 0 fe moof th

Tart, 7 11a juc

k10
oy tagieal g
Ncte th multplety of e Je n the
tagje vt dan, 1on ad onghy

Dimorh us infltratve 14
mtu le 1 na}

hoch a d dlat th Lge fthe afiltra
o 13 from the [ersth 5y 5 the cent r
3 the st [romment part of the o
ton  towar) th center a d not twarl
th fe Tt nshy oachia ter
ate ) mha b lgy wtha 15 g
Tir utou et

Fu 11 Nodalar leprc y Notce the
rutuplicity of nodule o) the arm ani
the ulcerati nof one of the nxlule
T paticnt lad - milar nodule  scat
tered alt o 7 tle trunk and back
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VII Therapy

Having breefly reviewed the present posttion of the classificatton of
leprosy with particular reference to its clnical mamifestations [ pass on
now to the present position with reference to therapy 1n the disease

It cannot be too strongly stressed that the general acceptance of di
ammodiphens1 sulfone (DDS Dapsone) as the method of choice in the
treatment of leprosy has resulted m a major revolution i the therapy of
this disease and has brought rebef to nullions of sufferers who would
otherwise be beyond hope This 1s not the place to revien the steps which
were tahen to deselop the new treatment of Jeprosy except to say that
the plonees work of Feldman ¢t al (1941) and Faget ct af (1943) 1n the
United States of Brownlee (1948) and Franas and Spinks (1920) 1
Britamn of Fourneau ef ol (1937) i France all contributed to the gradual
elucidation of therapeutic problems of leprosy

Diamunodipheny! sulfone was first «dmimistered parenteralh m Madras
m 1946 and Lowe (1950) realizing the possibilities of oral therapy with
constderable courage began to gne DDS by mouth In this connection a
tribute 1s made to the late Dr John Lowe who did more than 1ny other
person to develop the oral admmstration of DDS Huherto this drug
had been considered too poisonous to be given by this means but as a
result of his researches this new and powerful remedy his been made
available to hundreds of thousands of persons who suffer from Jeprosy

The regimen of dosages of both parenteral DDS and oral DDS has been
worked out satisfactorly but the general principle 1n any regumen of
dosages 15 to start at a low dose and gradually mcrease for 1t 1s the gradual
induction of the sulfones that results m the remedy bemg tolerated Tor
detuled reference to the treatment of leprosy with DDS and its dernatnes
the realer 1s referred to the numerous papers published on thrs subject

It should however be mentioned that m countries where patients with
leprosy tend to show a maximum mtolerance to the drug th: average
standard dosage tends to be too high and it 15 recommended uiider these
circumstances that the following be taken as the safest method 1 apply
ing the therapy It 1s suggested that the starting do e be 2> mg of DDs
turce 1 weeh at the end of 14 dus the dosage 1s mcreased to S0 mg
twice a weeh then at 14 day intervals it 1s increased by 2> mg increments
wnts] 100 mg twice a week 1s reached  The dose 15 then rased by 100 mg
evers month until 300 mg twice a week 1 grven  VWhen this dosage 15
reached 1f more comentent one 100-mg tablet may be gnen every day
omittmg Sundays I the method of choice 1s parenteral injection etther
deep subcutaneoush or sntramuscularh  the drug can be comentently
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T m a smtable med it o3 dnut oat or ethyl esters
of hyduocarpus vil—in the strength ot 200 wg per cubic centimeter
Faen though the greatest eire 1» taken there are always a certan
mumt er of patients who under no crrcumstunges can tolesate the parent
sulfone  This 15 more often seen 15 mentioned previonshy w the Cancasian
and Motgohan rces and partculfarh apphes to the actne woderately
advanced lepromatous cise and to certain forms of the mifiltrated &
mesphows group  Lnder these oresnstances therefore an alternatne
to the parent sultone has to be sought and the writer bebieves that the
first choice of an alternune remedy 1> farenteral Suiphetrone adunms
teved 1n 2 50% aqueons solution ngramuscularhy or deep subcutaneoush
It has been shown by Cochrane (193%) that as Jow a dose as ¥ gm ({ ¢ce
tuice a weeh) and Iy Browne (personal commumestion) 15 gm (3 e
once 2 wneek) are effectne therapentic dosiges at thw level of dosage
the cost of Sulphetrone 1 ontv shghth lugher than that of DDS gnen
by mouth and certunty 1y no more espensive than DDS guen paren
terally  JE the commencing dose 1y not more thin 01 ee twice a week
and the dosage 13 mereared by 01 co evers fortmght untif 1 c¢ twice a
weeh 15 reached 1t well be found that comparatnehr few persons are
stolerant to sulfone therapy  With eareful treatment by parenteral n
Jectens of 2 %07 aqueons ulphetrone the writer has neier seen any
signs of gross anenma heprtitis o psvchown amd he considers that this
remedy 1 free from angor tonie compheations
When discusssng the therapy of lepremy 1t shotld be mentioned that
m the Unsted wtates and m Latn Amencan countnies T romn aud Da
sone spdf are i faver a» the routine 1revtment for Jeprosy  The starting
do & of Fromtt usually recommended 15 2 gm m o< of dasulled water
g the drug dathy  The dose then 1 anereased after 1 or 2 weehs by
T e untd a duhy dose of 125 o ss revched  The dosage for Juldren
depene] on age weipht generdd phaaque and mdiadual tolerance  The
dr,, shodl be ndmmstered dashy for from 1 10 3 months followed b =
rest penod of from 1 to 2 weeks afier which treatment s resumed  The
dosige and the length of the rest pertods may be modified m 1ccordmee
with the requsements of the pauent  There 15 some evdince that
Promm 15 effectne m 1 much smiller dosage than that ongmnily
adyocated
W hea Prasone 15 preferred the follow g dasage 1 suggested
st week D3 g (1 2abler) duly for & dess ¥ du of pest
2nd weeh 0 gm (2 tablets) dub for 6 dnvs 1 dss of rest
Al weeh 09 g {3 nitlers) dudy for 6 dus 1 day of rest
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The mavimum dose recommended for the adult 1s three tablets per day
(09 gm) As one third of the molecule of sulfoxone sodwm 1 hdrolyzed
to DDS when given by mouth ths dosage over a period of 6 d1ys would
be 18 gm per weeh or almost the equnalent of 2 gm (2000 mg) of the
parent sulfone This 1 mv opmion 15 too high A maximum of not more
than two tablets a d1y need be given In many nstances such as 1n severe
lepromatous c1ses or for adult persons of slender build (140 pounds) one
tablet a day 6 davs a weeh should suffice

VIII Reactional States and Their Treatment

There has been a great deal of confuston with reference to the defimtion
and description of reactions i lepross I think the best and clearest
way to appronch this subject 15 to subdinide as follows the reactional
states as those (1) due to a bacterial allergy (2) due to exacerbation and
progression of the disease (3) of a pecuhar nature whech are rare and
unusual (4) i tuberculord leprosy (5) m dimorphous (or Lorderline)
leprosy

A StaTEs DUE 10 BACTERIAL ALLERGY

These conditions occur only 1 lepromatous leprosy and have been
described under the general names ervthema nodosum leprosum panmicu
btis nodosum and erythema induratem leprosum Tlns reactional phise
of leprosy may show itself 1n 1 sudden attach or mav be gradual in 1ts
onset The patient may complan of malaise and some headache and
1f the temperature 1s taken 1t 1s found that there 1s a defimte varmtion
of the normal thythm of temperature although the fever 1s not actually
registerable  As the reaction progresses fever 1s mamfest and sometimes
it 1s as Mgh as 104 or 10> F Along with the fever and frequently
before 1ts actual onset appear the charactenistic lesions of erythema
nodosum These are rose spot nodules which tend to be itracutaneous
rather than subcutineous and measure from 2 mm up to as much as 2 cm
m diameter In the acute phise the indnidual rose spot nodules ustally
Inst not more than 24 hours to 48 hours After an attach of erythem
nodosum there may be no visible sequelae but more nsmlly the result
of the attack 1s to leave a purplish stam and sometimes defintte desquunt
tion of the shin In the more severe phases of erythem nodosum the
lessons are much larger lenng a residual deep purple stam which may
reman for several months and with evidence of desquamation A\ graver
form of erythema nodosum has been described as erythema mduratum
leprosum  Most authorities I think accept the fact that erythema nodosum
occurs only 1 lepromatous leprosy and 1 probably of the nature of a
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bastenal allergy  Some persons conuider that v may be analogous ta the
Herxheuner phenomenon, which used to be seen in the treatment of
syphilis when arsenical preparations nere nsed

The treatment of erythewa nodosurm s along the wsoad boes  The
speaafic den, should be siopped at once general ftreatment applied
and 5f the temperature does not subside within 4 davs—during which time
a general and ¢ af i <an be
undertaken—then more iigotons treatment must be gnen  \fost author
itses recommend that before cortisone is used for thus reaction a course of
tartar emetic or one of the trvalent antimony products should be gnen
If these measures farl and erythema nodosum contimues to be distressiog
<ortssone should be gnen  Some persons gove a lugh dosage of cortisune
for 2 few days and then slowly tal off the drug others recommend small
dosages of cortisone butlding up to 2 dosage that just holds the erythema
nodosum but may not suppress 1t altogethee  Tor detatls of this treatment,
the reader 1s refesved to standard textbosks on leprosy

B Syates Duk 1o EXACERBATION ASND PROGRESSIO™ OF THE DisEasE

These are very sertous conditions and generally spealng  cortisone
16 rol mdieated umless as 2 result of tomtmuous reactions the patent
15 great distress ruaning a Jugh fever with fresh lesions appeanng
and the older lesions breahang dowr  Treatment of chrome reactional
states will tax the wogenuty of the physienan considesably and patients
sufferng from this pl should be t and  brought
under specialist treatment. I 15 for Bus condition that a 152 salutton of
Mercurochtome tn 2 dosage of 3~5 ce miravenously evers other day may
be found wseful Cortssone should be wathheld unless these 15 no ather
mezns by which 10 hold the reaction and the disease 3 progressing
and the patient 15 m acute distress Once cortisone therapy has been
commenced then 1t may be necessary to conhnye thes therapy for a con
siderable tne even up tn two years

€ TIvustAt Staves of a Pecuiiag NATURs

1 Acute Puting Ddema

This has been described by Davison (I49) as leprotic elephantass
1t may octur dunng an seate phase of feprosy sometunts associated
with erythema nodosum and at other times associated with the msors
progressne forms of reaction wn which the hands and feat become bot
and tendec and very swollen and pit on pressure  Systematic {restment
13 apphied and the general treatment of reactions with cortisone 1s gryen
oy 1f this condition 1s camphicated Rt such 5g0s s erythema rodostm,

o
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Elevation of the bed careful continuation of sulfone therapy and general
methods will uswally bring great amehoration of the conditton The
condition of acute pittng edema m leprosy must be differentiated from
the long standing stasis which occurs 1 advanced lepromatous cases and
which 1s chronic and 1s not a reactronal phenomenon

2 The Lucto Phenomenon

This has been well described by Latap: and Zamora (1948) and 15 2l
most entirely confined to the South Amertcan continent and to Mexico
The following points may help the reader to understand if occaston arises
Bow to manage this senious complication of leprosy The Lucio phenome
nion occrs only m that form of the disease known as the drffuse lepronma
tosts described by South American writers and it 15 particularly to be
noted that there 1s a generahzed diffuse infiltration of the skin cithout
any wvisible nhltration or corrugations It 1s on this smooth rather greasy
skin that the particular lestons appear that have been described by
Latapt and Zamora (1946) as follows first there are only a few lestons

then they occur n <mall outbreaks (brotes) and with the passage of
tune and after repeated acute eruptions or stages the lestons become
more numerous and mnportant They predominate on the extremities and
only m the advanced cases are they widely disseminated In number
size and shape these lesions are vanable often bemng trsangular or ir
regular they average fifteen days m duration At first the lesion 1s pink
1sh 1l defined and pamful and sometimes 1t 15 mfiltrated A few days
later 1t shows a darker center which does not disappear under pressure
This center soon approaches the surface and there forms a small very
thin dry brown scab wiich finally drops off to leave an nstgmificant sear
In larger and more mflammatory elements there 15 formed a dark Racad
blister which bursts leaving a deep ulceration with jagged edges sur
rounded by an wmflammatory zone In addiion particularly on the legs
there are secondary pyodermic lesions and chromc cellulitis which com
phcate the condition

Davison (1959) recently has snggested that there 15 a modification of
the Lucio phenomenon seen mn South Africa and that this phenomenon
appears as a sudden crop of blebs one or more i number occurnng
only on the body and the limbs The flmd 1 the blebs 15 at first trans
lucent but later becomes blackened the blebs break to form deep ukers
and the residual scars deepen and usually gne the appearance of crushed
tissue paper Unlike the true Lucio phenomenmon in these cases the
prognoss 1s good provided the secondary infection 15 cantrolled by means
of antibiotics while the feprosy 1s being treated by sulfones Whether this
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condition s analogous to the Lucio phenomenon 1t 15 1mpossible to state
without further iformation and mvestigatton The acute condition 1s
N ly distressing when { with neuntis Davison (1959)
recommends ACTH rather than the more potent cortisone derivatives
and suggests that the dosage should be 5 umts datlv for 7 days and then
if necessary 10 umts daly for a further 7 days Treatment can be
stopped as soon as the pam disappears He states however that if the
case 15 not responding to ACTH predmisone (10 mg twice daily) should
be grven  In addition he suggests that the following drugs are of value
Butazolidme vitamun B; and vitamn By He states that m his ex
penence three 01 gm tablets of Butazolidme datly for 7 davs then
two tablets for the next 7 days and then one tablet daily until rehef 1s
obtamed 15 a suitable dosage In his opiion this 15 not a dangerous dose
of Butazolidine and does not give rise to toxic signs

D In TueercuLoip Leprosy

It should be noted that reactional states i this form of leprosy and
i the dimorphous group are evidences of a tissue response or a tissue
hvpersensitivity  There are three forms of reaction in tuberculoid leprosy
which must be distinguwished (1) tuberculoid leprosy n reaction (2) re
actional tuberculord leprosy and finally (3) a form of tuberculod
leprosy which has been described by Dubois as Pouss ‘e bacillifére These
three states have to be dealt with separately as the approach to their
management 15 entirely different

1 Tuberculord Leprosy i Reaction

This 15 a localized form of tissue sensitivaty It occurs n what one may
call the established tuberculoid case—that 15 1n that type of tuberculoid
leprosy 1 which the lesions are few i number with clear cut and defimte
edges and asymmetrical m therr distribution In this form of reaction
if the patient shows more than one leston all the lestons do not neces
sanly show a reaction phenomenon but one leston for mstance a lesion
on the face may pass mto acute reaction and show itself m the form of
edema erythema d and even uk The leston steel{
may become acutely tender and nerves to the leston may be swollen en
larged and tender Generally speaking all that 15 necessary 1s to stop
the sulfone medication and the reaction accordimg to its sevenity gradually
passes off The more severe and acute the reaction the more quichly
does 1t subside one should mention at this pownt that when a lesion of
tuberculoid leprosy on the face passes into an acute phase of reaction
facial paralysis may be one of the unfortunate sequelae Tt 15 the opuson
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of the writer that whenever a tuberculoid lesion begns to show erythema
and desq all sulfone med should be stopped for the re-
active phenomena i tuberculoid leprosy always subside and the lesion
retrogresses but the possibility of severe nerve damage 1 the form of
facial paralysts claw hand or drop foot cannot be ignored This type of
tuberculord reaction 1s confined to areas m whick the lesions show activity

2 Reactional Tuberculowd

The difference between reactronal tuberculord leprosy and tuberculord
leprosy in reaction 15 as follows In the established tuberculord case the
lesions are few have clear cut margins and tend to be asymmetrical
when they go into reaction all Jesions do not pass into reaction sumul
taneously On the other hand 1n reactional tuberculoid lestons the Jesions
are many the edges of the lesions are clearcut the distribution 1s sym
metrical when these cases go mnto reaction all the lesions react simul
taneously Therefore reactional tuberculord 1s a more serious condition
than tuberculotd leprosy 1n reaction and 15 generally speaking a muhlating,
condition because not only do the lestons show intense reaction mn the
form of edema desquamation and possibly even ulceration—Ryne (1938)
used to refer to some of these cases as ulcerating tuberculord—but along
with the activity of lestons gross damage of the merves 1s mevitable
Therefore 1f a case shows any tend: to ] pk m
this type of leprasy all sulfone therapy must be stopped at once and
no sulfones given untd the reaction has subsided Reactions are treated
symptomatically Cortisone has been suggested for these cases but I
have never been able to convince myself that this 15 either destrable or
beneficsal If cortr one 15 g1ven then st must be grven m very large doses
and over a very short time

3 Poussec Bacillifere

This 1s a form of tuberculoid reaction that i5 seen more frequently
on the African contment than anywhere else and shows itself as a localized

b ford lesion with a tated or pebbled border Generally speah
g these lestons are quescent and show verv bitle actity but every
now and then they pass into a phase of reaction when the small paptiles
become succulent and erythematous and durng this stage numerous
acd fast bacills may be found by routme methods of examunation. There
15 also a tendency for these lesions to spread centnfugally and cover 2
Iarge area of the body surface eg the arm the leg or the back Agom
treatment 1n this condition 1S to stop all sulfone remedies The reaction 15
not a serious one except that during the reactne phase of this tvpe of
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tuberculord leprosy the lestons as already mentioned become highly
positive and the person 1s infective duning the period of the reaction

E ReactioNaL Dimoreious LEprosy

Ryrne (1938) many years ago referred to this reactional phenomenon
as reactional tuberculord It 1s one of the most severe types of reaction
that can be seen 1n leprosy and 1s always of very sertous import—serious
for two reasons first because the reaction 1s very severe the lesions be
comng eryth and not q1 second
1 assoctation with reaction there is always evidence of considerable nerve
damage and the sequel of the reactional dimorphous lesions wsually s
gross dnsablllty Turthermore when the reaction subsides the patient 13
m an i 1 d and 15 lLable to pass into
lepromatous leprosy As soon as the reaction has subsided the patient
becomes emaciated and weak and unless carefully nursed mav even die
23 the result of the emacration which supervenes because of the seventy of
the reaction Treatment for this conditton 1s to stop sulfone therapy im

diately to treat the cond Ily and to take every measure
possible to prevent deformity this means judicious splinting and care
ful exercise and passive movements as the reaction subsides Therapy
of any lind except symptomatic therapy should be withdrawn entirely

One cannot close a note on the reactional phenomena in leprosy with
out mentioning what the Japanese have called acute lepromatous nfiltra
tion (ahuter Schub) In this condition the lestons become grossly in
filtrated and edematous and sometimes the reaction 1s so severe that it
simulates a celluliis The writer 1s personally of opimon that the phe
nomenon of akuter Schub 1s an atypical lepromatous reaction and should
probably be included among the reactional phenomena in dimorphous
leprosy Some of the lesions described by Japanese worhers may fit mto
the description which has been given of reactional tuberculoid leprosy but
whatever the condition 1s it behaves m a way which 1s not typical of
1 leprosy The for this 1s to stop all sulfone therapy
and to treat the cases symptomatically

T THERAPEUTIC REMEDIES ADVISED AFTER REACTIONAL PHENOMENA
Have Sussipep

There 15 a general rule that if severe reactional states have been induced
by DDS patients should be gnen one of the alternative remedres as
follows (1) parenteral Sulphetrone (2) CIBA 1906 (ciphenyltluourea)
or (3) thiosermicarbazone
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1 Parenteral Sulphetrone

Personally the writer finds that sn most cases the patient will tolerate
small doses of aqueous Sulphetrone when he will not tolerate any form
of DDS and that the commencing dosage of aqueous Sulphetrone must
be very small 01 cc subcutancously twice a week mcreasing by 01 cc
every weeh until 1 cc 15 reached Sometimes even this regimen of dosage
s too ripid and therefore one must adjust the increase of dosage ac
cording to the seventy of the reaction

2 CIBA 1906 (Diphenyithonrea)

This remedy has recently been mtroduced i the treatment of leprosy
and 1 of value m those cises that show 1ntolerance to all forms of sulfone
therapy The commencin, dose advocated 1n reactive states 15 250 mg or
a quarter tablet a day mcreasing everv week by 250 mg until 2 gm or
four tablets a day are given Generally speaking 1t may be sard that with
the better understanding of the mechamsm of reactions with the judicious
use of cortisone and the subsequent careful choostng of the spectfic remedy
the treatment of reactional phenomena 1> much more satisfactory today

3 Thiosemicarba.one

Manv leprologists adsocate thiosemicarbazone as an alternatne remedv
when a patient has shown mtolerance to DDS by the precipitation of 2
reactional phenomenon This drug has been advocated espeusally m cases
of neuritis  Under these conditions the commencing dosage 15 25 mg 2
day increasmg by 25 mg every fortmght until 100 mg a day 15 goen
The writer considers that this 15 the op dose of bazon
and does not adyocate an 1ncrease to more than 150 mg a day

The great advantage of diphemylthiourea (DPT) ts that st ha ro
relationship whatever to any torm of sulfone and therefore 35 a com
pletely new weapon of attach agatmst M leprae  Unfortunately there
are two drawbacks to the drug One 1s 1ts price and the other 15 the
refatnvely large dosages which have to be gnen daly therefore it 15
generally speaking unswitable for outpatient treatment and quite unsutable
for mass therapy On the other hand 1 those ndividual cases who have
shown intolerance to DDS ether by the precipitation of severe reac
tion or because of drug toxicity changing over to DPT has provided
the physician with a remedy that enables hum to contie the treatmend
of leprosy as successfully as though he had used the sulfone drugs and the
patient had not been 1n reachon On the other hand because the basic
structural formula of DPT 1s very sumilar to that of thiosencarbazone
there 1s 2 tendency for r to form 1fter prok d with
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this drug Davey (19592 b) has mdicated that after three and a half to
four years there 1s some evidence of resistance DPT therefore should
be used for a persod of not more than two to two and a half years After
that period 1t will probably be found that the disease has been sufficiently
controlled for the patient to be put back on to one of the sulfone prepara
tions

IX Newer Drugs in the Therapy of Leprosy

In the last year three new drugs have been mentioned i connection
with therapy 1 Teprosy probably the most interesting 1s that known as
Etisul (diethyldithiohsophthalate) The drug was first reported by
Davey (1959b) his mitial reports were very strihing 1n that the bacterio
logic mdex of lepromatous cases fell almost to zero within a few weeks
of application of the drug  The drug 1s grven by nunction and 1ts greatest
drawback 15 that 1t causes a garlilike odor of the breath smnce 1t 15
parthy excreted through the lungs

There are several curious features of Lts ul mn relation to its thera
peutic action  Tirst 1t1s sud that the bacillh disappear—but the granuloma
m the shin still remains! In other words chnical improvement lags behind
bac provement It 1s d that the drug acts as a bac
terioaidal agent and that thts explamns ats pecular actton but one has
to ash the question  If the bacill: are hilled as rapidly as apparently 1s
the case why 15 1t that erythema nodosum ha not been reported on its
admumstration  This drug however opens a new approach to the
therapy of leprosy for 1t may be possible to produce a marked reduction
1 the number of bl n lepromatons cases and then to follow up this
treatment by one of the known and potent antileprosv drugs such as
DDS Sulphetrone or DPT Further experience has shown that treat
ment with Etisul should be reserved for the hntherto untreated lepromatous
case and should be 1n the nature of intenstve therapy for 3 to 6 months
and should be combined f possible with DPT or sulfone therapv

Very recently Schneider et o (1959) have reported on the treatment
of leprosy by a new sulfonamide sulfamethopy razine known also as hynex
(Lederle) and Sultrene (Specia) Prelmnary reports on this sulfon
amide appear to be encouraging 1 had the privilege of seeng some of
the photographs that Dr Langullon had with tim at a VWorld Health
Orgamzation Conference held for leprosy worhers mn the area south of
the Sahara m Brazzaville m Apnl 1959 All one can say at the present
time 15 that these mitial reports appear to be encouraging and that this
drug deserves a further extended trial

A third drug I would Iihe to mention darunodiphenylsulfoxide was
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first studied by Buu Hor ef of (1955) It 1s a dernatne of diamunok
phenyl. and has the foll structural formula

R S g S
o

Davey s (1959b) conclusion with reference to thus drug 1s as follows
Here then 1s an active drug comparable n actrvity with DDS ke st
suttable for treatment either daily or twice weekly and on a basts of
18 months expertence having httle toxtc acton and lttle tendency to
evoke complicattons It ts not a proprietary preparation These good
qualities commend 1ts further study

X Prophylaxis

I cannot close without reviewing briefly the present position with regard
to the prevention of leprosy It may be satd that there are three schools
of thought with reference to the approach of pubhc health authorsties
to the orgamzation of preventive schemes to control the spread of the
disease  The French authonties particularly those m French Equatonal
Afrnca and French West Africa as represented by General Pierre Richet
advocate the organization of mass antieprosy campaigns by a method
known as periodic arcuts of sulfontc treatment  This mvolves the
extensive use of landrovers bicycles or in the more accessible areas
horsebach niding and even camels As a result of the advacacy of this
method of mass campaigns there has been an adnurable and encouraging
antileprosy orgamzation created throughout French Equatorsal Africa
and French West Africa It 1s too soon to say what degree of ultimate
success will be achieved but there has been a great deal of effort put
mto these campaigns resulting 1 a great increase m the number of cases
of leprosv treated and 1n reducmg the fear of the population toward
leprosy This 18 a very remarkable achievement In the opmon of the
writer the work of the French African authorities 1s highly commendable
but tends to depend too much on four factors namely the enthusiasm of
the staff mn undertaking what 15 a colossal tash the possibility of super
vising adequately the varsous centers where leprosy treatment 15 gren
the mamntenance of accurate and comphcated filng and records and
lastly the of the entt of the popul for tahng oral
remedies or p thy Ives for nj regularly over a period
of months and years Therefore although the French African authorities
are to be congratulated on their work we should compare this method
of organizing a preventive campaign with those adopted 1n Nigerz and
1n East Africa with constderable success
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This method was put into effect by hinpear Brown (1934) m
Eastern Nigenia then the work was continued by Davey et af (19>6)
and resulted 1t a great reduction m the merdence of leprosy Iannear
Brown has followed simlar methods 1n Uganda namely (1) the orgamza
tion of treatment willages (2) the orgamzation of leprosy sanatoriaz and
(3) supplementary outpatient chmes This approach to the problem
of the preventron of leprosy seems to the writer to be the most frurtiul
method by which leprosy can be controlled m a terntory In the first
place 1t accepts the prinaiple which I think shotld never be forgotten
that the successful control of leprosy depends on some form of 1solation
1n which the open or infective case 15 prevented from coming mto close
contact with healthy members of the commumty Second 1t provides a
group of sanatora whose staff can act as consultants to the leprosy
treatment centers and affords means by which cases needing special at
tention or hospitalization can be taken care of Third 1t encourages
the of chmes and ed by the
general health and medical service of the country and so begins the im
portant task of mtegrating the leprosy campaign mto the general health
service There 1s however a third method of prevention of leprosy ex
emplified by the system n vogue mn South Afriea—that of hmited com
pulsory segregation requiring all infective cases to be 1solated m a leprosy
sanatorium or a colonv and not discharging such cases until they are non
nfective

These three methods have their advocates but their success depends
on the stage of the epidermc the pattern of the disease 1n a community
and the economic development of the country In South Africa where
general social standards and standards of hving are by and large very
much better than in other parts of Africz the situation may be comparable
to that seen 1 Norway eighty or more years ago where a hmuted but
common sense method of segregatton was put into force and as a result
of a more enlightened attitude toward the leprosy patient the number of
cases fell from about 3000 1n 1896 to practically none 1 1959 The total
number of cases at the present time 1n Norway 15 I believe less than 2
dozen 1t 1s true however that no form of segregation nor any form of
widespread therapy by mobile teams could possibly hope to succeed
without an effective therapeutic agent The present methods of treatment
by the sulfone preparations gune hope that these methods apphed nte!
ligently and persistently will i the course of time reduce the medence
of teprosy i the endemuc countries to a pomt when 1t can be sauid to be
virtually controlled

It must however be pomnted out that conclusions cannot be drawn

-
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from 1solated experiments for there are too many factors mfluencing the
pittern of the eprdemic of the disease to ustify the statement that one
method 1s superior to another It 1s certam however that 2 combmation
of reasonable outpatient treatment w.ith the cooperation of the mdigenous
population to develop treatment villages along with the use of leprosy
saniatoria for mstructiont for trammng for research and for hospitahzation
of the needy case 15 the principle on which leprosy campaigns should be
orgamized

Fmally a word must be said with reference to the prophylactic ad
mimstration of sulfones to the contacts of Jepromatous cases and to chi)
dren and also with reference to the extended use of BCG vaccmation
There are advocates of widespread prophylactic sulfone mediation but it
must be pointed out that this method of prophylaxis 1s based on the theory
that sulfone therapy 1s 2 sure and effective way of preventing the baulh
from multiplymg and ultimately of causing them to disappear from the
tissues  There 15 also a certamn amount of evidence to show that sulfone
therapy has some effect i the prophylaxis of the disease Ve hnow
too lttle however about the possthility of drug resistance to rish such
an eventualty arsing  All the present evidence goes to show that so
long as DDS 1s admimstered to a patient bacillt are reduced and sup
pressed If however the treatment 1s not prolonged for a sufficiently long
time or other factars supervene which result m this method beng i
effective the baulls begin to reappear in the tissues Therefore 1t 15 the
writer s opumon that unfess a chuld 1s m constant contact with a lepro
matous case and there 15 no means by whih 1t can be separated from
1ts source of infection there are no sound reasons for giving 1t prophylactic
sulfone therapy All methods of prophylactic sulfone therapy should be
based on a carefully orgamzed expersment extending over a period of ten
to fifteen years for there 1s no other way to venfv statements that
prophylactic sulfone therapy 1s an effective means of preventing the further
spread of the disease 1n the communtty

Widespread BCG vacomation for the control of leprosy 1s a method
whick s sl unpraved and it would appear to me to be ilogical to
undertake this measure without adequate controls and the orgamization
of a screntific and statistically planned expenment Admuttedly f there
1s BCG vacanation 1n cotnection with a campasgn aganst tuberculoss
the possibility of BCG vaccmation stmulatmg a favorable tissue re
sponse m leprosy should be considered and such a campargn should take
note of populations m which there 1s a relatively high endemicity of

Jeprosy
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XI Summary and Conclusion

An attempt has been made to review briefly the present postion with
regard to leprosy and to summarize so far as possible modern trends and
opmions i regard to dignosis and classification  the effectiveness of
therapy the present position 1n regard to immunology and the vanous
methods advocated m the control of the disease Today leprosy 1s recen
ng attention which 1t never has had before and there 15 an mereavingly

cientific approach to the disease this augurs well for our understanding
of this ancient disease and 1s sure to result 1n better and more effective
methods of control

1 must remind readers of this review that the traditional attitude toward
teprosy must be basically altered and that one must remember that to
understand leprosy 15 to understand medicine The effective and success
ful treatment of leprosy presupposes a thorough appreciation of the
genertl principles of therapy particularly as they apply to chemothera
peatic and antsbiotic remedies  Orgamzation of adequate antileprosy
campugns needs better understanding of the epiderualogy anl 1mmunal
ogy of the disease In other words leprosy touches almost every scientific
disciplime and will be fully understood only when the medical profession
m general and particularly those members of the medical profession
whose task 1t 15 to teach undergraduates and postgraduates reahze that
leprosy ts wtedicme and not Just a social problem that can be relegated to
the paramedical personnel and to the few persons who out of altrustc
philanthropic or religious zeal see a vocatron 1 this work  Vision
and professional competence are essential 1f we are to combat leprosy
adequately and establish confidence. betw een ourselves and the pubhc

In closing one would like to emphasize the need for the creation of a
world center for the study of Jeprosy where senior leprologists can meet
and exchange opimons where postgraduate students can appreciate leprosy
m s world setting and where research worhers can gather mnformation
that will help them 1n coordinating thetr basic Tesearch to certawn aspects
of leprosy n breef a powerhouse for the sttmulation of rescarch teaching
and traming i leprosy throughout the world a central registry of histo
fathology and a reference laboratory where the variegated pattern of
leprosy can be appreciated For 1n the opmien of the writer all campugns
with regard to leprosy all understanding of the disea e in particular

countries must be placed agamst the background of the world pattern of
the disease
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1 Introduction

From 1875 when Entamocba hutolytica was discovered m a Russian
patient with fulounating amebic coliis until the present time this pro
tozoon has ntrigued and stimulated the mvestigatve efforts of parasitol
ogists and chmeians althe m attempts to explain its host parasite relation
ship and sigmficance  As a result of these studies a wealth of valuable
mformation has been accumulated but as in other scientific areas students
of amebrasis differ most 1n their ability to see through the mass of data
and construct a reasomable hypothesis that will satisfy the multrple
observations (Villee of al 1958) It will be the purpose of this review
to show that E Justolyhica exhubits a great varety of characteristics as a
result of 1ts intrinsic properties and the many natural environments n
which 1t 1s found as well as under the experimental conditions to which
it has been subjected

II  Histonical Landmarks

Most of the 1my poneer b to our knowledge of
Entamoeba histolyica hive been often recorded m the medical and

1 an) Analogy m Vol T p 3 Princeton Univ Press
Procton New Jersey 1954

a3



44 ERNEST CARROLL FAUST

parasitologic hterature and are mentioned 1n this paper only for purpose
of orientation Lambl (1860) m Prague first reported amebas 1n human
excreta but he apparently overloohed their potential significance m his
enthusiasm to incrimnate the duodenal flagellate Giardia lambha as an
agent of intestinal disturbance Lewis (1870) and Cunmingham (1871)
mn India and later Grasst (1879) and others in Italy also found amebae
1 the stools of sich and healthy persons but doubted the clhnzcal smpor
tance of these microorgamisms In 1875 F Losch a climcal assistant 1
St Petersburg discovered motile amebae with ingested red blood cells
i the dysenteric stools of a patient and later at autopsy of the patient
detected colonic ulcers contamming active amebae He fed and mtroduced
per rectum some of this dysenteric menstruum into four dogs one of
which developed dysentery and when sacrificed exhbited colonte lesions
with amebae similar to those seen post mortem 1n his patient However
Losch failed to appreciate the importance of Iis observations On the
other hand hoch and Gaffky (1887) Rartuhs (1886 1887, 1891 1904)
and Kruse and Pasquale (1893) m Egypt Hlava (1887) in Prague
Osler (1890) Stengel (1890) and Musser and Dock (Dock 1891) m
Phifadelphia  Kovacs (1892) 1n Budapest and Richard Strong (1901)
1n the Philtppines 11 cases of dysentery and 1n some mstances also abscess
of the Irver and brain demonstrated that these pathologic states were due
to mvaston by this ameba Meanwhile Councilman and Lafleur (1891)
m Baltimore published therr monographic study on amebic cohtis
Casagrandi and Barbagallo Rapisards (1895) created the genus Ents

moeba for Amoeba coli of Grasst (1879) Strong (1901) distinguished
this spectes clincally from the dysentery producing ameba and also by
expertmental tests in kittens demonstrated that the former species was
nonpathogenic and that the latter species which he referred to as Anmoebe
dysenterae was the cause of amebic coliis  In 1903 Schaudinn renamed
this disease producing species Entamoeba listolytica  For nearly two
decades there was considerable confusion concernsng the cystic stage of
this ameba Earlier investigators of acute amebic infections confined
their attention to the motile trophozotte Quincke and Roos (1893)
observed the cystic stage but failed to give an adeguate description of the
number and speafic characteristics of the nucler In 1903 first Huber
then Schaudinn provided these data showmng that cysts of E fustolyhica
were morphologically distinguishable from those of E coks However
Viereck (1907) worhmg m India considered the four nucleate cysts of
Entamoeba to belong to a new speties which he designated as E fetragena
and Max Hartmann (1908) 1 South Africa adopted this same name
for cysts which he had called E africana 3 year earher (Hartmann 1907}
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In s Philippmne studies Strong (1901) dishinguished between two
etologically and chmically different types of dysentery the one due to
infection with E hustolytica the other caused by the entenic bacillus which
had been discovered by Shiga in 1896 (1898) and by Flexner (1900)

Several of the earlier imvestigators employed dogs and lattens as ex
perimental test amimaly to demonstrate the pathogemcity of the amebae
recorered from their climcal cases  Losch (1875) Hlava (1887) hruse
and Pasquale (1894) and Harns (1901) employed dogs whereas Hlava
(1887) hartubs (1891) hovacs (1892) Quincke and Roos (1893)
Huber (1903) Kkruse and Pasquale (1893) Marchoux (1899) and
Strong (1901) utihzed kittens possibly because these ammals developed
acute amebic cohtis more rapidly than dogs Harns (1901) first obtaned
liver abscess in young dogs following 1noculation of
of E Justolytira Sumilar techmques with hattens performed by Marchoux
(1899) Craiy (1903) and several later worhers resulted n secondary
amebic lesions 1 the hver

Successful expenimental human tnfection with E Justolyfica was first
reported by Musgrave and Clegg (1905) 1n the Plilippmes n a single
previously unminfected volunteer who was given a gelatin capsule contan
ng a 3 weeh-old ameba culture of materal obtamed from a case of dysen
tery The classic experiment with human volunteers was performed m
Mamla by Walker and Sellards (1913) who fed cysts of £ hstolytica
from healthy carriers to twenty uminfected inmates of Bilibid Prison
Eighteen developed E Austolytica infection of whom four extubited dysen
teric stools  Other volunteers who ingested cysts of E col acquired
symptomless snfection with this ameba  This expenment provided con
clusive evidence that E Mustolytica has the ability to produce symptoms
whereas E coh 1s a harmless parasite

Although much valuable information was obtamed from the climeal
and pathologie study of human sfections with E fustolytica and was
matenally supplemented by similar studies on experimentally infected
susceptible animals a new honizon of mvesugation was opened with the
discovery of methods for its 1n tatro cultivation  Cutler (1918) 15 usually
regarded as the person who first succeeded 1n this attempt but the first
reproducible techmque was provided by Boeck and Drbohlay (1923) who
developed two diphasic media the Locke Lgg Serum (I ES) and Locke
Fgg Albumun (LEA) both sith 2 solid base and a hqwd overlay with
out starch  Craig (1926) devised a monophasic medium consisting of
nactivated serum i Loches solution also without starch However
Dobell and Ladlaw (1926) and practically all subsequent worhers 1r
respective of whether they modified the earher culture media or developed
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new techmiques added starch grams to the hquid phase to enable the
ameba to grow and multiply more rapidly The most comprehensie
studies resulting from s nwiro cultnation of E lustolvtica and other
mitestimal amebae were those of Dobell (1925 1931) whose mvestigations
constrtute a volume of mformation on the hfe cycles of these protozoa

III Nomenclature of E histolyfica

Remarkable confusion has existed with respect to both generic and
specific names of the ameba which has the potentral of tissue tmasion
and disease production 1n man Orniginally Losch (187%) referred to 1t
as  Amoeba coh  Councilman and Lafleur (1891) as Amoeba dysen
terrae  in both mstances without reference to zoological nomenclature
and hence withont rtalicizing the genenic and specific pames sumlarly
Rovacs (1892) used both specific designations previously employed with
out stalies Casagrand: and Barbagallo Rapisard:r (1895) created the
genus Entamoeba for the nonpathogenic species coli which was accepted
by Schaudinn (1903) who included the pathogemic species m this genus
under a newly created species name Justolytica Additional spectes
designations which have been employed melude coli var {feiragera
Vierech 1907 africone Hartmann 1907  fetragena Hartmann 1908
mmnuta Clmassian 1909 suppontca hordzum 1909 hartmann Prowazeh
1912 brasiliensis Aragdo 1912 zenaficum Darling 1915 fenuss huenen
and Swellengrebel 1917 mmnntissuna Brug 1917 col communis knowles
and Cole 1917 paradysenterica Chatterjee 1920 simensss Faust 1923
falcata Koford and Swezy 1924 and dispar Brumpt 1925 Some of these
nimes resulted from the belief that varations m morphology of the
trophozoite or cystic stage of the orgamsm observed justified the creation
of a new name In some mstances geographic location was at Jeast partly
responsible and 1 others evidence of pathogenic capacity was the essential
reason VVenyon stated (1926 p 185) If Schaudinn had recognized
the fact that the amoeba which Losch called Amoeba coli was the
pathogenic amoeba and had gtven 1t the name Entamocba coli endless
confusion would have been avorded but as the matter stands at present
there seems to be no alternative unless further confusion 1s to be caused
but to retan Schaudmns E Justolytica for the pathogenic form and
E cols for the non pathogenic one

Generically the difficulty has not been so great 1t has been due primarnly
to a fatlure to distinguish between the genera Entamocba Casagrand! and
Barbagallo 1895 and Endamoeba Lexdy 1879 which was created for
the spectes blatiae Butschlt 1878 a commion tatestmal ameba of ¢och
roaches (Persplancta spp) On September 19 1928 the International
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Commussion on Zo»logical Nomenclature ruled that the former genenc
nime 1s ssnonymous with Endamocba and hence must be superseded by
the Jatter Many protozoologists and chmaians particularfy n the Umited
States 1n 20 attempt to conform to the Commussions Opinion used the
generie desiynation Endamocia even thouh they may have doubted its
validity  On the other hand a considerable group of pr 1 were
comunced that Endamoclal eidy 1879 with blattae Butschlt 1878 as type
t» morphnlogically distmnet from Lnfamocba Schaudian 1903 with cols
Grasst 1879 as tipe  They presented cogent arguments to the Com
mussion requesting a rehearing  On December 17 1954 (Optmion 312)
the Comnussion 3aldated Entanocbe as a generic name with cols a
type species nd designated Lntamocba histohytica as the correct name
for the dysenteric amebn of man  Additional generic mames bestowed
on the species lustolyhica such as Poneramoeba Loschia 1 serechia Canda
moeba and Raryamochina are synomvms of Entamocba

IV Geographic Distribution

On first thought 1t may not seem relevant to the subject of this review
to consider the geographic distribution of Lutamocbe Mustoltica yet it
has more than passing significance  Origmally this ameba was regarded
as essentially a tropical parasite frequently with fatal outcome to the
patient who harbored 1t This 1n spite of the fact that the hrst and
several other earlier reports were from indigenous infections i eastern
European countries and northeastern United States As a parasite of the
Tropics 1t was referred to as the dysentery ameba or the agent of amebic
Iiver abscess and as late as the first edition of Standard Nomenclature of
Diseases and Operattons  published 1 the United States m the early
1930s amebic dysentery and amebi hiver abscess were the only categortes
wathble for designatin, L fustolytica nfectron 1n Amertcan hospital
records  During the past quarter century 1t has been increasingly evident
that I' Justohtica has 1 cosmopolitan distribution from the Arctic to the
Antarctic i both Hemnspheres and that alt ages and both sexes of all
races re equally susceptible to nfection when gren simlar exposure
Earlier reports of epidemuc outbreaks or hyperendemicity of chmical
amebiists came most frequently from tropical areas such as Egvpt (koch
1831 hartuhs 1886 hruse and Pasquale 1894) Indw (Rogers 1903)
the Philippmes (Strong 1901 Musgrave and Clegg 1905) and the
lanama Canal Zone (J’\mes 1914 1925 Deeks 1914 Clark 1924)
tuat s 4 e and swdies nere gly porsued
throughout the world h:gh meidence of the infection was demonstrated
in many temperate chmates 1n which from tune to time eprdemic outbreahs
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of chnical amebiasis has occurred viz Chicago (McCoy et of 1936
Hardy 1935) Tokyo (Ritchie and Davis 1948) South Bend Indians
(Brooke et al 1955) and England (Morton et al 1952) or high
endemicty of clinical amebiasis prevails (Elsdon Dew 1949) on the other
hand high mcad of asymp 1c ameb has been found in 2 natne
population 1 a tropical country (Faust 1958 Faust and Read 199)
Incidence figures of E Justolytica 1n various countries have been assembled
1n recent years and are readily accessible (Anderson ef al 1953 pp 15
27 Faust and Russell 1957 pp 195 201)

In summarv 1t may be stated that infection with E hstolytica has a
world wide distribution 15 frequently more prevalent 1n the Tropics than
m temperate or cool climates but under conditions of comparably poor
hygiene and environmental samitation it may be as sersous m its chimcal
effects 1n cool as it 1s 11 warm chmates

V  Diagnosis of E hisfolytica

The only present day dependable criterton for the diagnosis of E hus
tolytua 1s the mucroscopic demonstration of this orgamsm and ats dif
ferentiation from other microorgamsms artifacts or cellular debris m
the examining medium It 15 essental that the matenal for examnation
should be fresh and d or 1f lat y of the
fresh specsmen 15 not feastble 1t should be fixed 1z a medium that will
preserve 1its cytologic properttes especrally those of the nucleus m a
practically unaltered condition (Brooke and Goldman 1949 Sapero and
Lawless 1953) Months of mtensive traming and experence are required
to develop dragnostic competence Shilled American workers are far from
agreement on the specific diagnostic criteria of E hustolytia evcept for
two stages viz (1) cysts larger than 10 pt contaming one to four typical
nucler and rod shaped chromatodal bodies with smooth rounded ends
(ustng combmed saline and 1odime or permanent stained smears) and
(2) hving trophozottes that contan red blood cells extrude hyaline
pseudopodia and exhibit progressive locomotion viewed in saline smears
(Brooke et al 1953)

Yet infection with E lustolytica 15 frequently not detected 1n direct
fecal films (physiologic salne and 1odine staned or hematoxyln stamed
preparations) Often cysts are obtaned only by concentratron techmques
such as zinc sulfate flotation (Faust ef ¢! 1938) or centnfugation (Rutche
1948) but trophozates do not usually survive these procedures In some
cases examination of repeated fecal spectmens 1s mecessary to obtain
evidence of E Justolytica mfection 1n a positive ndividual (Svensson and
Linders 1934 Sawstz and Faust 1942) Supplementary methods such
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as saline purgation or enemas and proctoscopic aspirates will at umes
provide positne evidence “hen lhe of stools 15
negative M ma of cases the 15
confronted with trophozoites or cysts o[ E histolyfica which are not of
diagnostic quality the trophozoites may fail to extubit charactenstic
movement and the cysts may be so filled with glycogen that their nuclear
structure 13 obscured n which cases large sized cysts may be confused
with those of L cols and small sized cysts with those of Endolimax nana
Thus although dependable d of this may readily be
made when the trophozoites or cysts are typical there are many occasans
when competent workers are in doubt as to the species diagnosis

Although Dobell and Jepps (1918) believed they could distinguish as
many as five different races of E hstolytica on the basts of size measure
ment of the cysts more recent myestigations have clearly defined two
distinct races those with a mean diameter of 10 p or less for unshrunken
cysts and those with a mean dumeter 1n excess of 10 p (Szpero et al
1942 Burrows 1957 Taust 1958) The interpretation of these size
diff will be consd: n this review

Complement fixation tests for the diagnosts of E hustolytsca were first
devised by Craig (1928 1929) who utilized zn alcoholic extract of antigen
obtamed from dysenteric stools teemung with myriads of active £ Jus
tolytica trophozoites  Later workers employing phystologic saline extracts
of the ameba have failed to obtan high diagnostic pecificity with this
test compared with discovery of the orgamism in the stools of infected
atients  Refined techniques including culture of the ameba with a mono
bactersal associate (Bozicevich et ol 1946) and use of pooled antigen
{Bozicevich  1950) have partly solved the difficulties but the method
remains unsatisfactory for chmical laboratory diagnosis Similarly  the
precipitin test developed by Moan (1957) has ghen equivocal results
One proballe for negatne tests n niected
persons 15 that the amebae 1n relatnely superfieial mucosal lestons 1n the
colon fnl to stimulate suffient anttbody production to be detected 1n
the seram On the other hand masses of amebae vigorously growing and
multiplying in the deeper tissues are likely to produce a high level of
antibody  In the second place false positive reactions may result from
bacterial antigen extracted from ameba cultures contamung bacterial

The most p ) test of recent years is that

developed by Goldman (19.74) who exposed £ Iustolytica and E cols to
et £ fustolytucs fuotescein tagged tompugant and ehianed speefic stam
g rexction only for the former ameba

Some chnical laboratory workers employ culture technsques as a
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supplement to fecal examnation or saline purged specimens for diagnostic
purposes However trophozoites of Enfamocba col at times exhibit as
great pseudapodial actnvity as do those of B Justolytica and gien the
opportunity will readily ingest red blood corpuscles so that a misdiagnosis
may be nade unless careful attention 1s gnen to differences m nuclear
structure  The use of cultures to provide material for experimental stuches
ncluding biochemical tests will be considered 1n the following section

VI Biological and Brochemical Studies

The development of 1 wtro methods for the cultnation of Entamocka
fustolytica (Boeck and Drbohlav 1925 Dobell and Ladlaw 1926
and others) ushered in an entirely new phase of investigation on the
mtrnsic and extrinsic factors governmg the life of this orgamsm  Rees
(1955) has listed the sigmificant accomplhishments obtained from the earlier
relatively crude cultures of this ameba having multiple ustally unhnown
enterobacternal associates These mclude elucidation of the complete hfe
cvele of Entamocba Justolytica (Dobell 1928) testing the survival of
cysts deposited 1 water (Jones and Newton 1950) 1n moist soil (Beaver
and Deschamps 1949a) on vegetables (Jones 1952) and i the bodies
of nsect vectors (Piphin 1949) lihewise the chemmcal sterthzation of
water (Stone 1937 Chang and Farr 1941 Brady ef af 1943 Ressel
et ol 1944) and vegetables (Beaver and Deschamps 1949b) Thichness
of the cyst wall has been found to effect suryral under conditions of
desiccation (Reardon ef al 1952)

R 1n culture techniques have developed along two mam lines
1e control of the assoctated bacteria and determination of the essential
ingredients optimal pH and O tension for survinal and growth of E
Justolytica The amebae were dissoctated from their bacterra by microisola
tion of cysts (Rees ¢t a! 1950) or by use of anttbiotics (Faust et ol
1948) then reassociated with a single known bacterium (Rees and Rear
don 1945 Rees ef al 1953) swmtable for abundant growth To be certamn
that only one pure line of the ameba was being employed clopes were
selected by microrsolation (Rees 1942) Shaffer and Frye (1948) and
Shaffer ct a! (1949) developed a clear thioglycolate culture medrum pre

d d with a streptobacillus without d ble bacteral multt
pheation whereas Plullips (1950 Phillips and Bartgis 1954) substituted
Trypanosoma cru + for the bactersal assocrate The monbacterial assvcxatei
commonly present m the intestinal flora of man found to be most usefn
m E lustolytica cultures are Escherichia coh Aerobacter acrogenes and
Clostriduan perfringens (Rees et al 1953) and the unidentified nott
intestinal bactersum destgnated as orgamsm ¢ has proved most vatuable
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1 the development of cultures of Entamocba lustolytica (Rees and Rear
don 1945) Some strams of E Justolyhca grow much better in mono
phasic than m diphasic media with coagulated slanted base loreover
1 the Shaffer Ryden Frye (1949) cultures the growth of strams of E
Jitstoly hica has been found to follow a different pattern from that exhibited
m the more comentional media (Faust et o/ 1950)

Many attempts have been made to cultivate E /fustolyfica axemcally
but all efforts have met with equnocal success at most permitting excysta
tion of cvsts m mucrotubes (Rees ef a/ 1950) mummum growth or only
survival n chick embryonsc flnd (Sadun ef ol 1952) n munced chick
embryonic tissue {Shaffer ¢f a 1953) or in HeLa tumor cells (unpub
lished data of Dr G M Carrera) These tnals suggest that £ Justolytica
Jachs certan essential enzymes for its metabolism which are provided by
certain bacterial associates and T'ry panosoma crus

Extensive and intensne study has been made of the optimal ingredients
for E Mustol\tica 1n the culture medium W ith relatnely few exceptions
rice flour has been ncorporated 1n the medium (Faust and Read 1929)
owing to 1ts ready availability and the small size of the rice starch grams
Hilker ¢t al (1957) confirmed the findings of Hallman and Delamater
(1953) and Baerstein ¢t af (192%) that E Jsstolytica produces amylase
and additionally demonstrated maltase activity However for large race
strams of L Iustolytica larger sized starch grams such as those of
plantain yucca Insh potato white sweet potato and wheat are readily
utihzed since these starches contain large amounts of amylopectin
(branched cham component) which 15 more easily hydrolyzed by the
ameba than amylose (Faust and Read 1959) Nevertheless 1t 15 possible
that one difficulty in getting small race strams of E hisfolytica to develop
in cultures with rice flour results from the fact that even the small rice
starch gramns are at times too large for these trophozoites to mgest (Faust
and Read 1959)

In monoxeme cultures with Eschericlia cols and orgamsm ¢ Rees ef al
(1944 1953) found that starch cholesterol and probably vitarun B
complex are essentual for growth of the ameba (Vatammn B 1s produced
by Escherchse coli Lut not by organtsm t) Jacobs (1930) concluded
that only traces of factors supphed by the bactersal associate are necessary
for luxuriant growth of the ameba Hansen and Anderson (1948) devised
an essentially synthetie culture medium m which Entamocba histolytica
and a single bacterm] associate were carried through many subcultures
Twelve amuno acids were included as well as approxmately 1sotome
concentrations of buffering salts which maintamed a favorable pH of
6 1-7 9 m spite of changes produced by the bacteria
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Another 1mportant aspect of the growth requrements for £ Tustoly tiea
1s anaerobiasis (Snyder and Meleney 1943 Chang 1946 Balamuth and
Howard 1946) The last two groups of mvestigators discovered that pre
conditionin,, the medium with the sustable bacterium adjusts the oxidation
reduction potentzal to a low Jevel and provides certain essential enzymes
allowmg the amebae to grow and multiply

Encystation m culture as i the appropriate host animal 1s another aspect
that has been studied by several workers Snyder and Meleney (1943)
discovered that the factors mducing encystation m zitro are sumpler than
those govermng vegetative propagation Although Cleveland and Sanders
(1930) Chinn et al (1942) and Chang (1942 1946) were of the opunion
that certain bacterral associates favor encystatton and Chang (1946) con
cluded that a pH of 68 to 70 and low oxidation reduction potential were
the important condstoners Evernitt (1950) concluded that density of
population was probably the most sigmficant factor Following moderate
growth 1n a starch free monophastc medium trophozoites of two strawms
of E pstolytica were transferred to the same precond:tioned environment
containtng starch Encystation was directly proportional to the loganthmic
sncrease 1 the size of the population which 1n turn was proportional to
the horizonal surface available to the amebas  Encystation occurred
gradually throughout a 12 to 16 hour period and was disturbed by agita
tion of the medium Evernitt (1950) noted different population levels m
two different strains and the writer of this review has more recently found
sumlar differences in the cultnation of fifteen different strmns (twelve of
the large race and three of the small race)

Brochermcal studies on E hustolytica trophozoites have provided a num
ber of mteresting observations These may be divided nto the mtrinsic
properttes of the ameba and those related to its host parasite relattonship

Pyoteolysis  Crarg (1927) obtained an alcoholic heat labile extract
from cultured E hsstoly fica trophozottes which was hemolytic for red bleod
cells and cytolytic for intestinal epithelium Alcoholic extraction of as
sociated bacteria and salime extraction of E fustolyiica failed to demon
strate these activittes Hallman ef ol (1950) Rees et ol (1953) and
Balamuth and Brent (1954) demonstrated gelatinase actrvity in strams of
ths which Balemuth (Balwouth and Thompson, 1055) con
sidered to be an extracellular protease activity of free Ining as well as
parasitic amebae Kees ef al (1953) provided evidence that this activity
of the ameba 15 responsible for hiberating starch grams from rice ﬂn;r
agglomerates thus enabling the ameba to mgest and then digest the m: lf
vidual grams Shaffer (1953) found that tryptica e was the ony one ©
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seven peptones tested 1 the thioglycolate culture medium which supported
growth of E hustolytica

Glycolysts A considerable volume of mvestigation on cultured E
hastolytsca has provided convineing evidence of the need for starch n the
metabolism of this organism (Balamuth and Thompson 1955) Except
for special studies rice starch with assocrated proteins and kipids sn rice
flour has become the routme carbohydrate mgredient m cultures How
ever early m the u z1iro cultnation of E Justolytica St John (1930)
uttlized whole wheat flour and Dobell and Laidlaw (1926) tested starches
of rye buckwheat and maize More recently Benham and Havens (1958)
found starch gramns of Amaranthus pamculatus Rocha scopara and
Mirabihs jalapa which have particle sizes of 2 ¢ 05-10 p and 1-2
respectively to be satisfactory substitutes Ithewise Faust and Read
(1959) tested the capacity of large race E Justolytica to utihize starches
having much larger sized gramns

Hallman et al (1950) were able to obtain growth of E hustolyitca m an
essentially synthetic culture medium contaiming soluble carbohydrates viz
glucose and glycogen or maltose However soluble carbohydrates provide
a more available food for the associated bacteria which with the exception
of Clostridium perfringens do not pnmanly utihze starch 1n their metabo
hsm It thus appears that a starch satisfactory for the ameba 1s more
conducive to amebic growth without overgrowth of the bacteria (as meas
ured by CO produttion) than 1s 2 soluble carbohydrate Nevertheless the
substitution of sugars for starches in special culture media eg Shaffer
Frye and E Justolyhica-T cru 1 assomanon has provided excephions to
this general concluston

Hilker et ol (1957) 1n a study of the carbohydrate hydrolyzing en
zymes of this ameba demonstrated the presence of both amylase and
maltase and concluded that particle size apparently 15 not the only factor
mvolved  Hilker {personal communication 1958) beleves that the degree
of utilization of starch (eg the sphtting of ingested starch grans and
converting them 1nto sugars) depends on whether the starches contan
primarily the easily hydrolyzed branched chain amylopectin or the more
resistant straight chain amylose

Utilizing ameba streptobacillus and ameba T ¢r.s association in cul
tures Entner and Anderson (1954) concluded that the shght actimity 1n
degradation of glucose or maltose to succinate and lactate by resting sus
pensions of E fustolytics resulted from endogenous metabolism Becher
and Geiman (195%) employing glucose C** labeled substrates of antibiotic
whibited multibacterial associates with E Justoly tica under anaerobic con
ditions demonstrated from cultures and Iysates that CM became incor
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porated as glycogen and CO but was not detected 1n bactersal controls
Sigmficant biochemical studies on the carbohydrate metabolism of E
Iustoly tica have been conducted by Run and Bradm (1953) and kun et ol
(1955 1956) Under anaerabic conditions suspensions of nfact and
macerated trophozoites of several cultured strains produced apprecible
CO and H'S from glucose fructose or mannose and cysteme as sub
strates to a lesser degree when sucrose or galactose was substituted for
the other sugars The associated bactera contributed neghgibly if at all
to the production of the end products and there was ra essential quantita
tive difference mn the reaction of the several ameba stramns tested These
expeniments suggested that E Justolytica contams a product of oxrdation
of a triose phosphate the oxidation of which 15 measured by the rate of
H S production The evolution of CO and H S roughly paralleled the
number of amebae present 1n the test CO production resulted from de
carboxyhization of pyruvate the product of glucose fermentation On the
basis of various mlubitors 1n the substrate the metabolic pathway of
catibolism was found to be different from that of the hrebs system with
lactic acid production but ndicated a couplng between dehydrogenase
activity and sulfur reducing enzyme systems The work of Seaman (1953)
on the recovery of succinic dehydrogenase from E Iustolytica free cells
supports ths view

More recently Hilker and Winte (1958 1959) have demonstrated that
m addition to employing the more comventional glycolytic pathway for
the utilization of glucose E hustolytica elaborates enzymes for an alterna
tive pathway previously known to be employed only by certamn polar
flagellated bactena This work has been confirmed by Entner (1958)
who grew E Justohtica i the Shaffer Frye medum then suppled whole
washed amebae with radioactne glucose I €3 He found labehng pre
domunantly i the methy! rather than the carboxyl group and absence of
CO labehng indicating failure to employ the pentose phosphate pathway
The associated streptobacilll when tested simularly by Entner faed to
demonstrate enzymes capable of utshzing the alternative pathwav

Lspolysis  Cholesterol 15 an essential component of growth producing
substances for E Justolyfica (Snyder and Meleney 1943 Rees ¢! ol
1944) Moreover Grffin and McCarten (1949) developed more huxuriant
amebic cultures when a very small amount of oleic aad (20 mg/ml) was
added to cholesterol 1 the culture medium although they found that
60 mg/ml was toxic and prevented survival of the amebae

Vitamm requirements In easlier studies with a monobactersal associate
Rees et al (1944) prepared a vanety of culture medsa in Florence flasks
incorporating varions vitamins  Highest average ameba production was
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obtained with whole egg second best average yrelds with eight members
of the vitamin B complex and riboflavin plus cholesterol The vitamin B
components were regarded as essential to optimal growth although they
were ineffective without cholesterol Later studies by Rees and associates
(1953) supported thus earlter conclusion Experiments by Hallman et al
(1950) 1 defined synthetsc media confirmed this Line of mestigation

In summary the s witro cultivation of Entamoeba lustolvtica opened a
broad area of study concermng both intrinsie properties and extrmsic
requirements for the survival and growth of this ameba and biochemical
studies provided data concerning the metabolic needs of this orgamsm
its bolic pathways m the of carbohydrates amino acids
and protems lipids and vitarmns Only a beginning has been made m
this field which wall challenge mvestigators for many years

VII The Relationship of E histolyhica to Its Host

In addition to the three species of E: ba that !
man (E lustolyica E coli and E gnguahs) twenty four other de
scribed species of this genus are histed by hudo (1954) These include
two each from the horse and pig ome each from cattle sheep rabbit
gunea pig rat and mouse ground squirrel domestic fowls three from
turtles one from snakes one from frogs and several from invertebrates
Wenyon (1926 pp 225-235) mcluded 1n the genus Entamoeba twenty
three species described from hosts other than man Eight of these are not
m hudos hist and seven species i hudos hst are not mentioned by
Wenyon TIven though some of the species nadequately described may
belong to other genera of amebae and some of the names probably are
svnonyms 1t 15 clear that species of Entamocba have become adapted to
a wide range of hosts almost mvariably at some level of the digestive tract
Moreover E mositkou skis has been described from four widely separated
areas as 1 free Living organism 1n sewage overflow and stagnant water
Of the valid spectes of Entamocba only E Justolyfica E snradens from
reptiles {mcluding turtles) and possibly E rangrim from frogs have
been demonstrated to have the capacity to invade the intestinal wall and
produce disease Insofar as present information indicates all the other
parasitic spectes of this genus live as commensals m therr respective
homathermic or poskilothermuc hosts s equilibrum with the ammals
that support them

In a general consideration of host parasite relationship Audy (19>8)
has stated thit a particular potential pathogen presented to all possible
hosts and host species will fail to infect most or many of them while 1t
will mfect others and cause exther no apparent derangement (inapparent
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mtection) or disease (apparent nfection) Each pathogen will on
testing provide us with an array of host spectes through which the parasite
has passed in 1ts evolutionary adaptations These remarks are peculiarly
applicable to the spectes of Entamoebs and are especilly relevant to
Entamoeba snvadens and E Iustolytica E snzadens 1s best known as a
parasite of snahes in which it produces fulminating infectton at times
causing epizootics which indiscr 1y kil 2 large p ge of various
spectes i conhned quarters as i a zoological garden (Geiman and
Ratchiffe 1936 Ratcliffe and Geiman 1938) Yet n turtles (Meeroutch
1957) and tn domest:c hzards this ameba 1s o harmless intestmal m
habitant This aspect of host spectes parasitism will be considered later
under the subject of nutnitional factors n relationship to pathogenity
Infection with E Justolytica has been studied rather intensively m a
vanety of naturally and expenmentally infected hosts including man
Natural infection with an ameba distingmshable morphologically and
1 its life history from E hustolytica has been found m Old World and
New World monkeys (Eichhorn and Gallagher 1916 Dobell 1919
1928 Kessel 1927 Hegner and Chu 1930 Ratcliffe 1931 hnowles
and Das Gupta 1934 Johnson 1941) in dogs (Kartulis 1904 Darlmg
1915 Fischer 1918 Bauche and Motais 1920, Boyd 1931 Faust 1931)
mn rats (Lynch 1915 Chiang 1925 Andrews and White 1936) and m
pigs (Kessel 1928b) Expenimentally all these amumals as well as
rabbits (Tobte 1949 Hunninen and Boone 1957) guinea mgs (Carrera
and Taust 1949 Taylor et al 1950) hamsters {Remertson and Thomp-
son 1951) and kattens (Cleveland and Sanders 1930 Meleney and Frye
1932) have been utthzed in studying the lfe cycle of E lustolytice m
physiopathalogic 1nvestigations and m testing new chemotherapentics
The characteristic method by which exposure to E histolvtica occurs 18
nature 15 the ingestion of the encysted stage of the organsm although
under natural conditions (Boyd 1931) and experimentally (Swartzwelder
1939} dogs have become infected from oral introduction of fresh tropho
zoites mto the digesttve tract The rapidity with which the cysts are
emptied 1nto the small intestine excyst there and the metacystic tropho
zottes pass into the cecal area depends in part on the species of hiost 1S
digestive enzymes the length of 1ts small intestine and whether 1t contains
an appreciable amount of food 1n process of digestion (Hegner et al 1932
Swartzwelder 1939 Tsuchya 1939) FExcystation typically occurs 1
the lower portion of the ileum but may be delayed until the cysts reach
the cecum and at times viable mature cysts may posssbly be evacuated
1n the feces of the exposed host without excystation {Faust 1941) Un
like the observations of Dobell (1928) on excystation of E Justohyica
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an wtro Hegner ef al (1932) and Swartzwelder (1939) 1 1n t1o s'ud.es
found no more than four metacystic trophozoites dernved from exca
mature cyst
Colenization of E Iastolviica 1n the susceptible host depends on 2
number of interchangeable factors including the viabilty of the ey<ty
ingested the number of metacystic trophozoites that arme i the lzzzs
intestine 15 well as opportunity for them to make contact with the intestizal
wall and to become temporanily ladged m the crypts or apposed ta the
mucosa  Neal (1958) has stated that bacteria are required for th=
amoebae to mamfest their pathogemc properties but the presente 2
virulent bactera which injure the mucosa 1s not necessary  The ~=zs=x
writer would prefer to modify this statement by substituting the -~z
to survive and colamize for to mamfest their pathogenic propeo=™
In other words although E fustolytua 1 provided with enzymes »- Topmex
ngested starches eg amylase and maltase (Hilker et ol 1973 = ~»
tissue cells and connective tissue eg  byaluromdase (Bradin, 152 2=
claborates auid phosphatase (Carrera and Changus 1948) thzs omeoz
lacks certain essential enzymes which are needed for 1t to survme 2z ~2 1
or in the intestinal lumen However once 1t has entered the ~wemeer,
mucosa and has penetrated below the surfice layer or has trem g
by the arculation to the liver and other secondary sites bacters z=e e
needed for 1ts propagation within the tissues (Cleveland and Sedery, -
Carrera and Faust 1949 Rees et ol 1954 Remertson and Torawe ~
1951) The secondary sites are characteristically bactertologeaT+ ~we,
In the dog as i man intestinal amebasis may be wero o,
evidence of relatively raprd repair of eroded mucosa (Harns 147 e,
1932 1941 Faust and hagy 1934) may be moderately deer 3o
portunity for entry nto the mesenteric veins and for esg?™ swpmr
secondiry ecenters of activity m the liver and other viscera {7 o
and Lafleur 1891 James 1928) or 1t may be extensive, 7o _, _,
times result in perforation (Musgrase 1910 Clack 1927 = —v‘
Faust and hagy 1934 Flsdon Dew 1949) In movkeys £o o oy 0w
usually relatively superfictal but occamonally deep penetricre « -
(Johnson 1941 Bond et ol 1946) In lattens gumea , o 7. 5
the ulceration 15 typically extensive and deep with fata] ey o fgrms,
1929 Meleney and Trye 1934 Carrera and Faust 137 ~ . 15
In rats hecause of the paper thin character of the 1= ~r, e e
lesians are relatively and are ct . =S
1946 Neal 1957) One may possibly conclude that & e, J e
sanisfactory experimental ammal for studying acute ¢ =n r,s‘;»z‘
though the rabbit and gwinea pig have served we' o Lo S

e
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pathogenic capacity of different strans of E Justolytica (Tobe 1949
Krupp and Faust 1959 Hunnnen and Boone 1957) and the hamster
has been useful m providing information on initral hepatic calonszation of
this orgamism (Remertson and Thompson 1951 Rees ef al 1954) The
dog especially the puppy has served as a valuable test ammal providing
data on lesions varying from those essentrally 1napparent to those of a
fulninating type (Faust and hagy 1934 Tobie 1940) Probably the
monkey 1> not a particularly useful expersmental host except n screening
potential antamebic drugs (Anderson and hoch 1931 Anderson and
Anderson 1950) The rat was first employed routinely by Jones (1946)
tn chemotherapeutsc studies and more recently has been studied by Neal
(1957) for mdices of pathogentaity of different strains The advantage of
ustng the laboratory rat 1s that 1t 1s from pure mbred stock and its dret
1s standardized the disadvantage of its use 15 that the amebic lestons 1n
1ts ntestme are typically superfiual and do not represent the protean
sarieties of deep ulceration charactenstic of many cases of human amebic
colitis

Information which has thus far been presented with reference to host
mfection with E /Justolytica has been confined to host species popufations
and has not taken mto consideration the many superveming factors 1
drfferent individuals of a spectes that play important roles in infection with
this organtsm such as ptibility diet envir I infl df
ference 1n pathogemc capacity of different stramns of E Justohytica and
exposure dosages to which the mdnidual 1s subjected Each of these
topics will now be considered briefly

Induidual susceptibihty  Audy (1958) has remarked that two mndi
viduals may differ markedly from each other in their response so that it
1s 1mportant to distmguish mdividual from species susceptibthty — Guen
equal degree of exposure to cysts of £ lustolytica all or 2 majority of
exposed wdividuals human or experymental may become tnfected or
only a small proportton may become parasitized The reasons for this dif
ference are not entirely clear but such difference has been abundantly
demonstrated statistically In discussing susceptibility to viruses Beard
(1958) refers to the possible influence of genetic constrtution hormonal
balance age and many other factors that strongly influence or condstion
the degree of indtvidual susceptibility

Diet Tt has become increasingly evident that the nutritional state of
the host has an important bearng on susceptibility to mfection with
E Justohytica or at least to the consequences of the mfection I 1sdon Dew
(1949) and Elsdon Dew and Freedman (1952) studied this problem m
South Africa where amebrasts behaves quite differently 1 three racial
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groups viz with acute fulmmating mfection m the native Bantu Iiving
primanily on a maize diet with an essenbially carrier condition 1n the
Indian population subsisting on a basic curry and rice diet with vegetable
supplements and with relatively infrequent infection of chnical grade
1 the white population having a well balanced diet with adequate protemns
and witarmns

Recent studies by Faust and Read (1959) have been concerned with
the problem of diet 1n respect to chnical mamfestations m a economically
poor population of Cali Colombia Although the average incidence of E
Iustolytice primanily large race stramns 1s 40% 1 this population 1 a
pertod of more than three years only three cases of muld chmcal amebasts
have been encountered and phvsical Pr
1 a representative samphng has failed to reveal amebic ulceration or
abdominal tenderness The infected individuals are almost exclustvely
cyst passers  they lose their infection over a period of months and with
equal frequency become reinfected Their formed or sermformed feces
contmn an apprectable amount of undigested starch grams identified as
those of plantam and yucca which constitute the basic food of this popu
lation Protens vitamuns and essentral mmerals are consumed 1n negl
gible amounts Under such a dietary imbalance the low caloric starch
intahke 1s not well utilized owing to madequate pancreatic and intestinal
enzyme production resulting in the passage of undigested starch gramns
through the large intestine Culture studies have demonstrated the capacity
of this ameba to ingest these starches essentially as readily as rice starch
It 1s predicated that this supply of readily available starches mn the lumen
of the large intestine may explam the apparently superficial relationship
of the ameba to the intestinat wall 1n this population so that the chincally
napparent safection constitutes an essentially commensal relationship It
1s possible that this study on relationship of diet to amebiasis may provide
a partial explanation for differences i mamfestation of E hsstolytica 1
fection 1n the different racial populations m Natal South Africa and
elsewhere

The observations referred to above on the avalabiity of particulate
carbohydrates for £ Iustolytica 1 1ts immediate environment 1n the large
mntestine of the human host parallel those of Meerovitch (1957) concerning
the biology of E tnzadens He considers encystation as a necessary stage
m the hie history of this and other species of parasitic amebae  One of the
essentials for abundant encystation 15 a supply of starch 1n the immediate
environment Vath Hlns condition fulilled there is no necessity for tissue
nvasion

Farlier studies along this same line were conducted by Lincicome
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(1942) using rhesus monkeys On a high catbohydrate low protemn diet
cysts of E fustolytica appeared daily m the stools with masimum cyst
production at periods of approximately every 7 days With increased
protemn mtahe cyst ehmmation rapidly declined and then disappeared

Enzaronmental influences  Epidemuc outbreaks of severe amebrasis m
earlier decades 1n Calcutta Cairo Mamla the Panama Canal Zone and
elsewhere as well as more recently 1n Chicago South Bend (Indiana)
Tokyo and m an arr force base in England resulted from drinking water
grossly d with sewage viable cysts of E lustolytca
Basically 1n all these areas there was already a hugh endemicity of amebiasis
1 the native populations Cerrection of the samtary difficulties prevented
further eptdemic outbreaks Likewise in cities lihe New Orleans improve
ment m general samitation has greatly lowered the madence of endemic
amebiasts during the last quarter century eg from 10-16% to less than
2% Nevertheless 1n many tropical regrons as well as 1n children s homes
mental hospitals and prisons in cooler chimates lack of potable water due
to madequate sewage disposal coupled with poor environmental sanitation
and personal hygiene have been responsible for maintamng a high level
of endemic amebsasis with periodic epidemics

VIII Pathogentcity of Different Strans of E histolytica

Many studies have been conducted to test the pathogenic capactty of
different strains of E Justolytice 1n temperate areas and to a lesser
extent in the Tropics Tt 1s today generally agreed that different stramns of
this organism have different pathogemic potentials at least under the
environmental situations 1 which they have been studsed Withm 2
limted pertod of observation and experimental testing in the latten dog
or rat stramns of low pathogeme capaaity do not develop greater potential
except at times by rapid repeated sersal passage from one amimal to another
(Meleney and Frye 1933 1935 Faust and Swartzwelder 1935 Faust
et al 1946) Meleney and Frye (1937) obtamned the highest pathogenc
idex m thetr mvestigations from strams from the Chicago eprdemic of
1933 Yet nesther Frye and Meleney (1933) nor Faust and Swartzweder
(1935) were able to demonstrate that high pathogencity resulted from
the presence or absence of assoctated pathogemc bacteria Neal (1958)
states that virulent bactersa which injure the mucosa are not necessary
for the ameba to mamfest 1ts pathogemc properties Nevertheless 38
indicated earhier 1t 15 essential for E Justolyfica trophozoites to have an
appropriate bactenal associate or associates i the ntestnal lumen priof
to their entrance mto the tissues Phllips et af (1955) put this thests to
a critical test by comparing the results obtamed followmg intracecal mocy
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lation of a culture of B Justolytica wuth T panosama criay as the mon
oxenous associate tnto 35 germ free and 37 other guinea pigs having
comventianal iptestnal fauna and flora None of the former group de
seloped lesions and none developed colomes whereas 34 of the latter
developed acute amebic coliis and the remaiming 3 demonstrated colomzz
tion at the time of sacrifice on the twenty first day Xt was concluded that
assoctated testmal bacteria such as Escherschia coli and Aerobacter
serogencs partcrpate 1w the development of amebic snfection even ihuugh
L lustohytica 13 ty the Xl of
amebasis

Another aspect of stran pathogentcsty 15 whether a once potent stramn
of E histolytico will lose its virulence after prolonged culuvation  Tnvests
gators have differed widely on this pomnt although there 5 unamsmuty
with reference to the mamtenance of virulence i successive arumal
passages Chang (1945) and Neal (1956) demonstrated decreased m

fectsvsty and after prol d tr ertre cul tut restora
tion of these charactenstics after direct amamal transfers Faust e ol
{1948} stuched fourteen strains and tuded that

and pathagemaity were not necessanly correlated and that these properties
tended to vary in different strams De Carnens (1958) was adle to step up
the pathogenic mdex of three strams {one from 3 case of chrome amebie
colitts one from 3 culture obtained from a bran abscess and one from
a cyst passer) by first mtroducting them mto the hiver of the golden
hamster  He concluded that s titre cultnation for three to twelve years
with temporary loss of virulence does oot deprive the strains of ther
winnsic pathogemaity The observations of hrupp and Faust (1959)
tiave a davect wm w120 beaning on this pont Alateral for guinea prg 1nocula
tions conmsted of fourteen cultured strams obtamed from syvmptomless
humat earners m winch there was substantial evidence that the amehae
were fiving essentially as commensals in the lumen of thesr hosts Yt
mare than 50¢ of 103 test anmals lated with troph 1
exhibited amebic ulceration at autopsy including some gunea pigs from
esery stram and 1n some mstances al} animals in the same senes  Posablv
the high rate of encystation observed in the cultures of these strams s a
confirmation of Changs behef (3945} that encystation enhances the
wirulence of a strain that has temporartly lost ats pathogente potentral from
prolonged s titre cultnation

Thus far the discussion of pathogematy of £ hstelyhea has not con
widered as such the views of many Eumpe;m 1nvesiigators “ho regard
the mdigenous strates of thew t
whereas they classify the stramns mtmduced from the Tropics as patho
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geme  Swmce relatively few critical tests have been conducted by these
sorhers m susceptible anmals 1t 1s difficult to compare therr strams with
those in North America which have been repeatedly subjected to ex
perimental ammal study The most active present day proponent of the
Luropean concept 1s Hoare (1949 1950 1952 1957 1958) who has stated
the case clearly (1958) by dismissing the small race as an mnoffensnve non
pathogenic ameba which he beleves should be placed 1n the same category
as Entamocba col: Endohmar nana and Iodamocha butschlin and diiding
the large race of E lustolyfica mto (1) the nonvirulent type correspond
g to Brumpts E dispar (Brumpt 1925) ind (2) the virulent type
corresponding to Brumpts E dysenferiae This categorization 1s referred
to as neo dualism  Continuing with this concept Hoare (1958) believes
that a high percentage of symptomless carriers harbor the avirulent type
of the large race whereas other carrers are infected with the virulent type
which may produce symptoms under favorable conditions Only this latter
type 15 climcally sigmficant yet 1t can be differentiated from the avirulent
type solely by animal experimentation If this concept 1s vald a con

ble amount of b m the climates of North Amerxca
and smilar latitudes m Argentina Urnguay and Chile must be considered
as having been introduced at an earlier date from troprcal areas and then
firmly established 1n the populations of European origm 1 these countries
where clintcal grade mfections constrtute an mmportant subject 1 diagnosts
and treatment On the contrary there 1s no substantial evidence support
g the establishment of mtroduced virulent strams of L hustolytico 1nto
the Umted States following the return of veterans of Vorld War II from
tropical areas overseas (Lincicome e al 1950}

From an acad dpoit the neodualistic concept of Hoare (19:8)
1s nterestng and will be attractive to many students of medzcal proto
zoology Trom the dp of the d ): -y and the practic

1ng physician 1t poses serious questions Should the competent parasitolo
gist 1w the clinical laboratory differentiate the small race £ Justolytses
from the large race? For the past three years the wrter has done this 1
reports ncorporated n case histories 1 a speual famuly care study and
m a smaller series of provate patients but st 1s doubtful if this dstinction
1s conssdered mmportant by the attending physicians More serious 1s the
morphologic similerity of the postulated avirulent and virulent types of
the large race of this ameba Should the physician wait until the pattent
mamfests definite symptoms of amebie colitis or amebic hepatitts before
mutiating antiamebic therapy or should he consider all cases of the large
race as potentrally dangerous and therefore following 2 reliable laboratory
diagnosts treat all posttive cases under his care irrespective of whether
they have symptoms or are symptoniless at the time?
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IX The Mechamusm of Tissue Invasion

There 15 general agreement that E Jusfolytica trophoroites require a
sutable bacterial associate to colonize in the large itestine of the appro
priate host and more recent investigators (Carrera and Faust 1949
Phillps and Bartgis 1954 Neal 1957) have produced evidence that
bacteria are not needed once the ameba has entered the intestinal mucosa
However there ts no convincing demonstration as to the exact mechanism
of tissue 1nvasion although 1t 15 most likely that this results from contact
of the amebas lytic enzymes with the mucosa (Maegraith et a! 1929)
It 1s obvious that a mucosa already damaged by abrasion by pathogenic
bacteria or by other agents may serve the ameba m taking the imitial
step but many workers believe that the ameba 1s able to enter without
such preconditioning of the epithehum Faust (1931) Faust and Kagy
(1934) Meleney and Frye (1934) and others have observed lesions
produced by E Justelytica 1n experimental ammals as early as 24 hours
after moculation of evsts by mouth or of trophozoites intracecally These
were shghtly elevated discrete pinpomnt ulcers tn an otherwise mtact
mucosa and m section extubited no evidence of bacterial association  Crarg
{1927) and subsequent students of amebiasts (Rees et al 1953 Deschiens
1950 Neal 1956) have demonstrated proteolytic activities of the ameba
and Bradin (1953) but not DeLamater ef of (1954) has isolated hyalu
rorudase from trophozotes after they have been associated with host
tissues  several demonstrations have been made of protealytic enzvmes
elaborated by this ameba Likewise there 15 satisfactory evidence that E
histoly tica trophozoites are mechanically able to squeeze between mucosal
cells of the large intestine (Faust and hagy 1934 Hoare and Neal
1955) Thus the mechamsm of penetration may be regarded as that of
progressive lytic digestion aided by mechamcal efforts The larger the
ameba and the greater its activity the more rapidly 1s 1t able to proceed mn
ats cellular destruction \uth almost negligthle host cell reaction when its
entry and progress are b ly uncomp! d The above
18 factual but 1t leaves much to be desiced 85 to the biochemeal activitses
of the ameba at the point of dissociation with the bacteria of the mtestinal
lnmen and mutiation of host cell association

X Designation of Different Races and Strains of £ fustolyhca
{sensu lato)

As pointed out 1n 1 preceding section there 1s considerable disagreement
among parasitologists with respect to the nomenclature of the different
vactal groups of L fisstolyfica based on size morphologic characters and
differences m pathogemetty of different strams  Many worhers remam
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umtarian 1n their concepts from the nomenclatural viewpamt re tht
all orgamsms conforming to the critersa of E Justolytica (sensw lato)
should be designated as E Justolytica even though substantial evidence has
been provided that there are two distinct races based on mean sze dif
ferences (Sapero et al 1942 Burrows 1957 Faust 1958) and that they
are morphologically distingwishable (Burrows 1957 Faust 1958) More
over many mvestigators are convinced that the small race 1n man or test
amumals 15 at tumes capable of tissue ivasion The experiments by Ressel
(1928a) and Tobie (1940) included strains of the small race obtaed
from human carniers  these produced typrcal amebic lestons 1n the large
wtestme of lattens and dogs respectively Recently hrupp and Faust
(1959) demonstrated tissue tnvaston 1n the gunea pig of a small race of
E lustohytica ob d from an asymp 1c human case Pechaps the
views of these students of amebrasts may be stated as follows Because of
its duninutive size and lesser enzyme activity production the small race
less frequently has the capacity to mvade tissues and when 1t does mvade
produces less destructive tissue damage In contrast the opposing group
of worhers constders the small race to be a distinct nonpathogentc spectes
which they designate as E hartmanms (Burrows 1957 Hoare 1958)
although there 1s considerable doubt that von Prowazeks (1912) small
quadrinucleate ameba from a Samocan woman desgnated as Entamoebd
hartmann: 1s the same ameba as that which today constitutes the small
race of E Iustolytica Perhaps a tentative solution to this controversy
mght be the designation of the small race as a subspecies (the morphologic
characters of the nuclet do not justify full spectes ranh) eg E Justolytics
horimann: as suggested by Hoare (1949) but without implication of its
sirulence except for ats presumably low potential for producing proteolytic

enzymes
Greater difficulty arises i an attempt to dispose of the controvers) con
cerning nonpatl or pathog between different strains of the

large race of E lustolyfica Here no size or morphologic differentiztion
1s postulated only one of pathogeniaaty Hoare (1958) recogmzes 2
single species name 1€ Justolytica for both types although he regards
them as distinct as did Brumpt (1925) when he named the former E
dispar and utilzed E dysenterwe for the latter Although degrees of
pathogemety of £ justofyfica (large race} have been repeatedly demon
strated failure to discover definite chnical evidence mn human mfections
or substantial lesions m experimentally inoculated laboratory rats does
not per se warrant the assumption that there 1s a completely nonpathogenic
varety of the large race E Justolyfica prevalent m Eusope and perhaps
10 other temperate areas of the world This 1s just as madvised as to state
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categoncally that all large race tropical strams of E Iustolytica are m
variably highly pathogemic for man when evidence 15 beginning to mdicate
that this 15 not the case (Faust 1958) even though intrnsic capacity for
therr high lesel path has been d d mn test ammals
(krupp and Faust 1959) The proponents of the neoduahstic doctrine
(Hoare 1958) appirently fail to consder the nutntional and other
factors that enter mto the human host parasite relationship 1n this and
many other parasttic mfections Even from a stnetly academlc viewpoint
the observational evidence p d 13 not i\ d and
therefore the neoduabstic view does not warrant acceptance without much
more precise scientfic substantiation

X1 Conclusions and Summary

that has been \ ba lustoly tica
since 1ts discovery 1n 1875 constitutes a vast amount of data on both the
climeal and laboratorv aspects of this protozoon A great deal of progress
was made m the earher decades on the pathologic and clintcal aspects
of severe symptomatic amebiasis Later there was the discovery that the
infection was not necessarily detectable by climcal methods and that
seliable laboratory diagnosis of the organssm m 1ts cystic as well as
vegetative stage 1s required Discovery of methods for 1n 2atro cultivation
of E lustolytica made possible elucidation of its complete life cycle and
experimental u e of several pecies of susceptible laboratory ammals
provided abundant opportunity to make sn 2120 mvestigation of the rela
tionship of the ameba to its host as well as in the screeming of potential
antiamebie drugs  One of the most sigmficant findings was the require
ment for a suitable bactenal assocsate to supplement the metabolic needs of
the ameba 1n 1ts imtial colomzation 1n the intestinal fumen together with
evidence that this association 15 not required once the ameba has penetrated
host issues  Pathogenicity studies of different strains in man and laboratory
ammnls have hkewise added valuable mformation although 1t should be
emphasized that data obtamed from tests 1 lower antmals are not neces
sanly directly applicable to the human host

Differences i pathogenie capaaity of different strains have convinced
some workers that E histolyhica 18 more than one species entity  Tossibly
a more suitable reference would be the Infamoebs fustolysica complex

In this review 1t has been possible to mention only a portion of the many
stimulating studies that have been conducted with E instolytica as the foeal
pont of investigation  Many of the problems which have been undertalen
have as vet reached anly partial solutions Several of the differences i
mterpretation of the findings will undoubtedly be resched as more refined
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methods are employed and with equal likebhood divergent opmions wil
tend fo be satisfactorily adjusted when their proponents understand not
only the intrinsic varations 1n this organsm (with possible genetic m
plications) as seen under different conditions but also differences in host
iafectibility and reactions under varrable conditions of chmate diet phys
sological host state intercurrent diseases and opporturties for exposure
to infection wath E Justolytica
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Patrick Manson as a Parasitologist
A CPITICAL REVIEW
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Observations on the Filariae of Birds and Their Bearing on the Evo
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Nocturnal Penodicrty

The Reversat of Nocturnal Pesiodiaaty

Manson s Search for the Adult Frlaria bancrofts

Confirmatory Data Regarding Filamal Metamorphows
Correspondence with Spencer Cobbold upon Subjects Already Dis
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Infected Mosquitoes
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Fularral Metamorphoss i 1877

Mansons Correspondents on Filasiasis

A Timothy Richatds Lewss (1841-1886)

B Thomas Spencer Cobbold (1828-1886)

€ Rudolph Leuckart (187~1898)

References on Filatiasis

On Distoma ringers (Paragon mi s westermants)

Mansens Work 1t China on Other Helminthic Parasites

A Lgulo (Spa gorum) manso

B Oxsspir ra monsom

C Fiara papiliosa

D Trick 1a spt alts

Conclustons

I Introduction

It has been my good fortune to have access to the Diary which Patrick
Manson (who may well be regarded as the father of tropical medicine)
wrote for thirty five years In addition 1 have been able to consult famuly
papers letters and transcripts of others preserved in his records It 1s
n fact an account of all the v estigations he undertook m his earlv years
References are made als0 to the Journal which he hept tn Formosa from
1866 to 1870 and to the notes on the hiterature of filariasts which he com

posed

1 the British Museum 1 1875
i
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Tt will be recalled that 1n 1935 I wrote a description of this Dian  The
Bible of Tropical Mledicine  and gave some excerpts from 1ts pages (193
Trans Roy Soc Trop Med Hiyg 29 (1) 179-190)

II Prelumnary History

Patrich Manson was born on October 3 1844 the second son of a famly
of nme 1n the village of Old Meldrum some 16 muiles north of Aberdeen.
He was a good Scat and came from a fanuly long established in the district
His father John Manson was laird of Ningask and also Manager of the
British Linen Bankh His mother a woman of great character was a distant
relative of David Livingstone

Fic 1 The Manse Old Meldrum Aberdeensture Scotland where Man on was
educated It was on the roof of this house that he shot the cat with a tapeworm that
gave him his introduction to helminthology

Young Patrick was educated at the gymnastum of Aberdeen and sub
sequently at the Umnersity of that auty He was first designated as an
engineer at the iron foundry of his mothers famuly but the idea was
abandoned as he suffered from a spinal cunature from which he subse
quently deseloped a paretic affection and tremor of the right hand whicht
remuned with hun for hfe He had already shown an mterest 1 helmm
thology when 1s a schoolboy of 14 he shot a cat on the roof of the Jocat
Manse (Fig 1) and stadied a tipeworm which he extracted from 1t
intestines After qualification at the age of 21 he became pathologest to 2
mental asylum 1 Durham and then emgrated to Takao (Tahow) 1
southern Formosa (1866) where he remamed till 1870 He then moved to
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Amoy w southern China an the Bay of Has Tan and shere he lad the
foundations of the new suence of tropreal medicine

In 1875 Manson returned to Seotland  he was marned 1 December of
that year Duning his stay s Great Britain he made strenuous efforts to
learn alt he could about tropical dsseases—swithout avaid tlf eventually he
found m the Iilwary of the Brutisk Maseum the wrtings of one Tunothy
Lewss of Calcutta on filartams  these he transeribed mto a noteboak that
has been preserved It 1s recorded that before he set sail for China he had
constructed a workitig hypothesis on the location of the adult parasite m
the body

In 1876 he returned to Amoy bust tlns tsme the possessor of a compound
microscope \ ety soon after hs teturn he was able to confirm Lewss dis
covery of the nucrofilanae w the blood to establish the phenomenon of
nocsursial periodsesty and finally to work out the development of Fiiera
boncrofts m Culex fohigans ths fundamental discovery he published in
1878

“The tesults were presented to the Linnean Society of London through
tts Iresident Spencer Cobbald It was at this meenng that eritics inter
posed and heckled Cobbold with questions such as this Did Manson fur
nssh the embryo flariae with watches so that they should hnow what ttme
to get up and what time to go to bed? 4nd an old man with a shulf cap
and nearly 90 years old visited the School of Tropical Medicine 1 London
n 1939 and related as sole survivor of that famous occasion tow ome
member b1d exclumed that what they had just heard was either the nork
of a gentas or mote prabably the raings of 3 drunken Scotch doctor m
far-off China where as wigs well known they all drank whisky 2o excess!
Howeser mathing dausted Manson tepeated and ampltfied this work m
1833 communicating the esults as befare through Spencer Cobbold to
the Linnean Socsets 1n 1584 In Amov he did a great deal of other 1m
portant wovh sncluding the discovery of Distoma ringers Ligula mansom
sanous aurin hlariae and Oxyspriya mansons an the eve of domestic hens
He alvo pad atteation to skn fungy discovered Tutes snbricate and was
the first to employ meubaung hens eggs as 2 medmm I W0 attempt 1o
cubnate leprosy bacih

In December 1983 he moved to FHoug hong where he practiced ull
1889 There be described sprue m 1856 cured La Hung Chang the great
wan of Chium of 1 subligual abscess which had been mustthen for ear
<mam nd made a great reputition for humself as a successful practioner
Ue founded the Medirl Soctety of Hong heng and 1ise the Vedical
Schioot which subsequently became the Ussverssty of that Colony He
also becune mterested m pmlim and undertooh what he calied  Tool Lx
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perintents  He returned to Scotland m 1889 intending to retire but 1
the following year he moved to London where he continued to work tl
1913

This was s most fruitful pertod durtng which he made more discovenes
mn filariasis worhed out the hfe history of the Guinea worm (Dracunculus
medinensts) and most mmportant of all made valuable contributions to
the life history of the malaria parasite In 1894 he formulated the mos
quito malarta hypothesis He became consultant 1 1897 to the Colonal
Office where he was closely associated with Mr Joseph Chamberlam This
stimutated his ambition to found a School of Tropical Medicne which
came to fruition in October 1899 He continued to drrect and teach m this
school almost to lus death on April 9, 1922 This probably was hts greatest
contributton to tropreal medrcine and therefore he 15 venerated as the father
of this subgect Contemplation of all that this great man achieved durm
his actne career should tahe mto account the fact that he was a lfelon
sufferer fram gout which greatly hampered hs activties

Filarasis Due 10 Wucherera baneroftr Summary of the
Most Important Disco eries

M Demarquay 1863 first described microfilarsae i hydrocele flurd

O Wucheresr 1865 found mucrofilariae 1n chyluna and hematuta 1
Brazil

T R Lewss 1872 found and described microfilariae m blood and urine
of Hindoos 1n Calcutta

P Sonsmo 1874 described mucrofilartae n blood and urine in Egypt

A P da Sitva Arampo 1876 found microfilanae in the blood m Brarl
and used the name of Wucherer in connection with the termumology

] Bancroft 1876 found microfilariae 1n the blood m Brasbane, Queens
Iand and sent specimens to Roberts urologust m Manchester In December
1876 he discovered adult filarsae i ab cess of arm of a Chmaman 1 Brs
bane and referred 1t to Spencer Cobbold 1n London who named st Filord
bancrofts

P Manson 1877 discovered microfilaniae in blood of Chinese 1n Amoy
China and described for the first time nocturnal pertodicaty and m 1878
the development of the parasite in Culex fatigans later found adult female
F bancrojti in a Yymph scrotum Repeated experiments on dedopmest of
filana 1n mosquito n 1883

A G Bourne 1888 described the male of F bancrofit

{Though most of the material m the following pages has been derned
from Mansons Diares and publications i Customs Reports the mam
conclusions were published and most of hus figures and charts reproduct
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or Leuchart m Lerpzig—and 1t must be remembered that st took. from forr
to s1x months to obtan a reply \When engaged on work with mosquitoes
he desperately needed some book on entomology He therefore approached
the appropriate authority i the British Museum who belatedly rephed
that regretfully no work on mosquitoes existed but fornarded a treatise
on the cockroach which he hoped mght do instead! Indeed \anson wrote

Fic 3 Amoy South China 1873 showing location of Mansons houc and
laboratory on the 1sland of Rulangsu (represented by arrow )

to Cobbold on November 27 1877 I Ine in an out-of the world place
away from hibraries out of the run of what 15 gomg on so I do not hnow
very well the value of my work or 1f 1t has been done before or better

Manson s Original Work on Filarsasts

Historical T R Lewts n Caleutta first duscovered m March 1870 the
parasite known as the Frlarwa sangums hominis m the chylous urine nfﬂ!
Hindoo Subsequently mn many other cases of chyluria almost withot
exception he found this orgamsm but toward the end of July 1872 he
discovered similar filanae 1n the blood of a chyluma patient mne “§rc
present 1 a state of great activity mn a smgle shide Later two other s(;om&
cases presented themselves with the same results Lewis suggested 4 v
as a reasonable estrmate of the numbers of filanae 1 the patients blm;
One patient two vears after the appearance of chyluria dexeloped ele



PATRICK MANSON AS A FARASIFOLOGIST 83

phantiasis of the scrotum while filarmae could sulf be demonstrated m the
blood  Sut Lewis perd d two psies on ¢hyluna patients
with patwsitemsa but after a profonged search faled to find the parent
worm It must be appreciated that helnthologists at that tme hnew
that the filarias 1 the blood represented the young of some mature nema
tode So Lewts turned o the filarm) disease of dogs which was so common
n Caleutta and found 1t 1n ten out of the first tuenty seven dogs examined
It was assotiated with fibrous fumors along the walls of the aorty and of
the esophagus and other muinute nodutes m the same situattons When m
aised these nere found to contam one to s« mature nematodes of a pinkish
sanguanolent tint ranging from 1 to 334 inches m length and of both seses
Applying these findhngs 10 the filanae of man Manson assumed that the
reature nematode should be lodged 1n the walls ot 1 the neyghberhood of
an attery ven or hymphate and that through a supture 1 the hmng 1t
poured yts brood of eva or embryo filanae into the blood It was not pos
sible to refuse to see 1 @ither of these two forms of filaraws the cause of
the distase with wiuch they are found assocsated ? which parent or progemy
conld be the cause? He thought that the progeny were too smalt to canse
any obstruction i either blood or lymph capillarses They had been found
m the Blood after all symptoms of chylursa had passed away and in coases
m whick there was no hymphatic divease As regards the parenst nematode
he thought othernise because & great amouns of jocad damage could be
demonstrated He congectured that in humaus the parent parasite nught
be located m the thoratie duct of 351 the receptaculum chyle Moreaver the
geographic distribution accorded entirely with that of some aflied diseases
produced by parasites
The mam parasite of the dog in Chine was Filara wamhis which o
fested about 5095 In fifteen out of forty cases he found the embryos m
blood tahen from the ear The embryo measured 1/100 mch w length by
1/3000 inch 1m breadth On close exanvnation sometiing hhe 2 mouth
could be distingushied at the blunt extreruty  In freshly drawn blood the
ammaleyle was i constamt motiop wogglng about among the blood cor
puscles ke a snake ‘Manson remarked that he had nerer observed any
signs of growth or develoy t The and 1e
masned constant Some sder could be formed of the vast numbers m the
arcahition and 1t was a matter of wonder how the host conid contmue to
hve and even mamtasn health and condiion but he bad watched dogs
whach had been thus infected for many years but yet appeared to be m no
say sncomvensenced The alalt flaraz were found cotled up n the nght
Aentricle sometimes extending tirough the tricuspid vahe mto the auricle
As @ rule females were more numerons than males m the proporiten of
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2 1 Manson gave a careful description of the anatomy with special ref
erence to the development of the embryo filariae from the ovanan cell
and also made a similar study of the reproductive organs of the male

The story of Filara sanguinolenta of the dog 15 treated m the same
manner as to its anatomy and the disease phenomena to which it mht
give rise

III Discovery of Filana songuims homins
m China

With the practice acquired 1n the dog Manson commenced systematic
examination of human blood and found Filara sanguwums homms fifteen
tumes To help him in this worh which was excessively tedious and la
borous  he taught two Chinese assistants to recogmize these hematozoz
No selection of cases was made and soon he had records of 190 with the
finding of filarize 1n 15 (about 8 %) He found that Fileria sangumnms
howmms closely resembled the canine hematozoon He also found that the
short time durmng which the blood 1s clotting was the most favorable for
minute exammation

The organism was shghtly less than 1/5000 inch in breadth and about
1/90 inch m length The human variety 1n contrast to the canme was
provided with a very delicate noncontractrle tegument within which the
body of the animal s incessantly shortened and elongated This explains
the lash of extreme tenuity bemng sometimes visible at others not The
sheath followed lihe a Limp string the movements of the body of the anumal
The last was the collapsed integument from which the head and tall had
been withdrawn Manson noted 1 many specimens of the human filana
but not m all an elongated yellow patch mn the center of the body He be
heved (correctly) that 1t appertamed to an alimentary capal On close
examination movements of the mouth which he compared to the breathing
movements of a fish 1n the water could be discerned and he thought also
that it was provided with lips In order to facilitate discovery mstead of
drvading the drop of blood onto six shides he had latterly been 1 the habit
of placing the entire drop between two shides using one as a covering glass
Thus equipped he began to speculate (1877) on the de- elopment of Filana
sangins homims

Escape of the embrio from the original host The embryo in order to
contmnue 1ts development and keep 1ts spectes from extermmation must
escape from 1ts host 1 some way Manson hyvpothesized that after accom
phshing this 1t esther Ived an independent existence duning which 1t !\}‘115
provided with organs for growth or that st was suallowed by ano C;
anmal which treated sf as a nurse for such time as was necessary to furmis
it with an alimentary system
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IV The Mosquito Found To Be the Nurse

As the first step 1n the tstory of the hemato.oon was i the blood the
next mught happen i an entmal which had fed on that flud To test this
1dea Manson procured mosquitoes which had fed on the blood of Hin Lo *
(Hin Lo his gardener was infected with filariae he was very cooperatne
being always at hand and beng 1n every way an excellent human guinea
Pg)

On examination of the expressed contents of the mosquito abdomen from
day to day Manson found that his idea was actually correct and that the
filana which had entered the mosquito as a simple structureless ammal
Ieft 1t after passing through a sertes of highly mteresting metamorphoses
during which 1t increased greatly in size possessed of an alimentary canal
and otherwise equipped for an independent existence

History of the mosquito after feeding on human blood Mansons ob-
servations were made exclusively on the females of one species of mosquito
He had never met with a male msect charged with blood

In Amoy he recognized two species during the summer one quite a
large insect about half an mch long with black thorax and black and white
banded abdomen (Aedes acgypts) the ather about half that size of a dingy
brown color (Culer fatigans) The former was comparatively rare the
latter very common and the msect he had been studyng

It took 2 minutes for the mosquito to fill itself with blood then it became
so embarrassed by the wesght of its distended abdomen that 1t could no
longer wheel in the air Accordingly 1t attached stself to some simple sur
face 1f possible near stagnant water where 1t remamned m a torpid con
dition digesting the blood excreting gamboge colored feces and maturing
its ova This process was completed in the course of 3-5 days and the
tnsect betook itself to the water to deposit its eggs On the surface of the
water the eggs floated as a dark brown mass looking ke a flake of soot
The eggs did not take long to hatch ( They are beautifully shaped objects
Iike an Etruscan vase ) and the embryos emerged by forcing open a sort
of Iid placed at the broad end of the shell The larvae then escaped into the
water where they swam about and fed and soon became the jumpers
we are all famihiar with that are found 1n every stagnant pool

Manson s description of the anatomy of the mosquito \hen the mos
quito had fed and after the food had been absorbed Manson distingmshed
the following parts twe omisacs contamng from sixty to 3 hundred ova
two large glandular misses intestine esophagus and a stomach—a very

Correct name 1s Hn Lo 1n previous publications especiafly 1n the Life and
Work of St Patrick Manson I have madsertently referred to hm as Hm To
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delicate transparent bag If the blood 1 the dilated stomach was exammed
soon after ingestion the blood corpuscles could be distinctly recogmzed
but changes occurred rapidly The corpuscles lost their outlme and crystals
of hematin appeared Soon corpuscles and crystals gave place to large ol
globules and before the eggs were deposited all coloring matter had dis
appeared

Method of Procuring Mosquitoes Contaming Larval Filarise Mansons
most successful method of procuring filaria bearing mosquitoes and of
preparing therr bodies for microscopical observation were as follows *

He persuaded a Chinese (Hm Lo his gardener) who was heawly
tnfected with filarrae to sleep in what he termed a mosquito house (which
he constructed out of chestnut wood as he described himself as a com
petent carpenter albeit an indifferent surgeon ) 1n a room i which
mosquitoes abounded When the victim had gone to bed a light was placed
bestde him and the door of the mosquito house was kept open for half an
hour (The house was covered with fine gauze and the door was fitted
with a spring hmge and opened mward ) It was a large square wooden
frame (10 X 10 X 635 feet) In this manner many mosquitoes entered
attracted by the light which was then put out and the door closed Mext
mormng the gauze was covered with an abundant supply of engorged
msects (Fig 4) These were then caught below a wme glass paralyzed
by a whiff of tobacco smoke and transferred to small phuals mto some of
which some water was poured A cover providmg ventilation was then
placed over the mouth of each phial The effect of the tobacco smoke was
qute evanescent From the phials the msects could be removed from time
to time as desired by agam paralyzing them with tobacco They were serzed
by the thorax with fine forceps the abdomen was torn off and placed ona
glass shide and a small cylinder such as a thin pen holder was rolled
aver tt from the anus to the thoracte attachments to express the contents
so that observation was not interfered with by the almost opague nteg?
ments A thin covermng glass (cover slip) was placed over the residue 1o
which would be found the filarize erther within the walls of the stomach
or 1f these had been ruptured floating 1n the surrounding water

The first pregnant observation Manson made (which has since hct;l
confirmed) was that the blood 1n the stomach of a mosquito that had fe

* The results of this research i 1878 On the De-elopment of Ttla 11 mng’“;"
homims and on the Mosquito considered as a Awrse were published August
1878 m Journtl Linncan Society NI\ Zoology No 75 pp 304 311 put rere r;’:‘"
munscated by Dr Cobbold March 7 1878 The dates given sn most textboohs adn v
the literature are wrong because the volume 15 Jabeled 18,9 There is printed ¢
dence that the journal was ava:lable in 1878
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on a filar infected man usually contuned a much larger proportion of
filariie than &id an equal quantity of ts blood From counts he made of
Blood frons the finger and from the mo quuto s stomach \anson concluded
that the tnsect hnd the facuity of selecting the embryo filasiae and he saw
i this strange cireumstance ad fitonal reason for concludimg, that this
snsect was the natural nurse of the parasite

U W 54 N

Fic 4 D mal repre ntanon of Man on (Avguss 1877) jn hus laboratery
Amay Souts China performng s Arst exp nments on transmuss on of Dilana
sosqmmr fonmms  He 1 tr niferring mosqmioes (Cwler fob jams) which have
fed during the mght on the blood >f Hin Lo his gardener who can be seen Iying on
4 prnsne couch wn Fis mosquito homse  The infected mosqu to8s are bemg pur
™o bottles ( ce Tig 7) to be sent to Spencer Colbold Note the spitoon  The
orpustof ths pantng s n the Wellcome \usenm of Tromeal Mediine 1 London

Not alf embryos attuned matunty and he fourd tha the greater number
distntegrated or were expelled 1 the fres At the end of the thrd fourth
ot ifth du wh n the stomach was qute empry and the embirsos could
ot be ewsly overfoohed yvery few (wo 10 stx) could be found in therr
ongmd o hgfithy more advanced stages

Metamarphasis Tor 4 <hort perod after entering the stomach of the
mosquita the filaria embnyo tetamed 1ts onginal appearance and habits
It was 2 dong akeldike oret? oot 3 transricent structureiess dody en
closed i @ delicate sheath but m 4 {ew hours changes commenced The
tube or shea ki separated frim the b givng the appearance of 4 dsetinet
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double outhine and the body 1tself became covered with closely set trans
verse striations Oral m t could be dist hed and presently the
sheath was erther digested by the gastric secretion or cast off as a snake
casts 1ts skin Then the animal moved about unfettered and the striation
became more distiniet As the blood thichened so the movements of the
embryo became less vigorous and the marhings disappeared This the
first stage of the metamorphosis took 36 hours to complete

Now the larva entered a sort of chrysalis condition during which nearly
all movements were suspended and the outhme and dimensions much
altered The body became shorter and broader only the extremity of the
ta1l did not participate m the change but continued to be flexed vigorously
at long intervals meanwhile all oral movements ceased The body became
sausage shaped Large cells occupied the previously homogeneous looking
body and indications of a mouth appeared, if a ittle pressure was appled
granular matter and cell like bodies escaped from an onfice placed a litle
1 advance of the tail The animal now began to increase n length and
sometsmes also 1n breadth the growth seemingly taking place at the oral
end of the body The mouth was four lipped the lips bemng open or pursed
up From the mouth a delicate line could be distinctly traced passin,
through the whole length of the body to the opening (anus) already re
ferred to near the caudal extremity At this stage some feeble movements
mught still be detected 1 the caudal appendix but when a certan length
had been attained the tail gradually disappeared

Speaimens of the filaria i the third and last stage were difficult to pro
cure because most of the mosquitoes died on the fourth or fifth day after
feeding and if therr bodies fell mto the water when examined they were
found to be soft and sodden and without filaniae which had either decom
posed or escaped Sometimes however ovulation did not proceed rapudly
and the mosquito survived to the fifth or sixth day or perhaps death did
not occur as it usually does soon after the eggs had been laxd and the
msect then might survive for 2 or 3 days longer In such survivors the
last stage of the metamorphosts could be studied Four to src days of
longer were necessary for its completion So rare was this event that 12
hundreds of mosquitoes mvestigated Manson had been successful 1n finding
filariae 11 this last stage 1 four instances only In one of these he had
obsersed a number of embryos m regular gradation from the passhe
chrysalis to the mature and very active lanva so there could not be aﬂ;'
doubt about the relationship of these various stages* As far as he coull

s he tmagined

o shd
* Owing to lus method of squashing the mosquito between two sl e that be

that all these stages were esohved m the abdomen and it was not ti
realized that metamorphosis took place in the thorax (see p 104}
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make out the body gradually elongated from 1/100 to 1/30 inch but when
mature the larva measured 1/15 inch m length by 1/500 inch 10 breadth
At the last stage large cells occupied the intenior and accumulated around
the dark lne (alimentiry canal) runming from the mouth to the caudal
extrermty In this manner the ahmentary canal was fashioned and the
peculiar and charactenstic valvelihe termination of the esophagus in the
mtestine as seen 1n filariae was developed M ts T d first
a swaying to and fro becoming brisher The body gradually elongated and
became shightly thinner and all cellular appearances v iushed The ex
tremuty was slightly tapered and crowned with three perhaps four papillac
used i penetration of the tissues of man on escapmng from the mosqurto
At this probably the final stage of the filaria s existence 1 the mosquito
1t became endowed with marvelous power and activity It rushed about
the field forcing obstacles aside moving indifferently at either end and
appeared quite at home 1n no way mconvemenced by the water m which
1t had just been immersed This formudable animal was undoubtedly the
Filarin sangutms hominus equipped for an independent existence and readv
to quitits nurse the mosquito There could be hittle doubt thought Manson
as to the subsequent history or that the filara escaped 1nto the water in
which the mosquito had died and that it was through this medium brought
1nto contact with the tissues of man and what was more probable that
being swallowed 1t worked ats way through the ahmentary canal to 1its
final resting place Arrived there the development was completed and
fecundation effected Finally the embryo filanae that Manson had observed
m the blood were discharged 1n successive swarms and n countless num
bers In this way the genetic cycle was completed (See also Section \II')

V' The Bearing of These Observations on the Explanation and
Prevention of Elephantoid Disease

The statistics Manson had gathered amply sufficed to prove that the
assorsation of Filarna sangwinss howums and elephantoid disease 1s one of
cause and effect but now thit he had shown that the mosquito was a
necessary clement for the perfection of the parasite the hmitation and dis
trbution of elephantoid discases to certan districts and zones of the
earth s surface received ats explanation Such diseases were endemic only
where the mosquito flourished as 1n tropscal and subtropical chimates
Flephantiasis was more common 1n certain districts than 1n others and
Manson ventured to predict that where the disease presatled the appro
priate mosquito would be found but that where the disease was absent or
uncommon the mosquito would be found to be rare or to be represented
by species ieapable of nursing the infant filanae The hibits of the people
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especially with regard to the use of water and of mosquito nets would yo
doubtedly exert an mfluence on the amount and spread of filarial diseace
This was a point deserving investigation 1n view of the fact that ths
disease depends upon such a tangible hnk as the mosquito at should be
quite possible to prevent its spread

VI Hypothes:s on the Location of the Adult Human Filana
Parasite

The next consideration was the location of the then hypothetical adult
parasie the parent filania Manson considered it necessary to determe
this before he could undertake any further far reaching research The m
tegratron of these various approaches revealed the cold logic of his mnd

Subsequent to the finding of filarral ova in the aspirated Iymph from
2 case of varicose groin glands he systematically set to wark to ascertan
whether 1 true elephantiasis any traces of embryos or ova could be found
i these enlarged glands that accompanted this condition If this could be
done 1t would supply trrefutable proof of the filaral origin of this phenom
enon as mncontrovertible as fossils 1 the rochs are of extinct races of
plants and anmmals

In order to equip himself for this tash Manson first examed the con
tents of the vagina and uterine tubes of Filartg smuntis of the dog so asto
acquamnt tumself with the appearance of the aborted eggs and their col
lapsed chorional envelopes subsequent to the escape of the embryo filariae
When he bad made himself familar with these he concluded that he
should be able to promounce upon the nature of any debns which he ex
tracted 1n gland lymph

Subsequently he found m almost all elephantiasis cases that a small
quanttty of lymph could be expressed mto the hypodermic needle and that
this contamned collected 1nto irregular masses bodies that mght be con
nected with the parent parasite

In this conception he was sustamed by T R Lewss who had decded
that the filaria was viviparous

VII The Association of Filena sangums homms with Disease

For evidence of the pathogemcity or otherwise of lus Filara sanguists
Jhomsms Manson began to search around for a sertes of cases of filarial
disease espectally chyluria [ymph scrotum and elephantiasts He was eyl
dently quite worried to get some explanation of the vagarses of this parasite
He had noted as early as 1877 that 1ts presence was not inconsistent with
good health and he was puzzled as have been many smce those days that
1n the majorsty of cases with the most marhed expresston of Filarsal disesse



PATRICK MANSON AS A PARASITOLOGIST ot

(te disease actually caused by the parasite without any other concomutant
nfection) the filartae were absent from the blood stream This was indeed
an antichmax and he was at some pains to provide a reasonable explana
tion of the pathogenests of what appeared to be an anomaly This 1s the
underlymg reason for the detailed histories of 53 Chinese patients with
their blood findings which he recorded in the second notebook (1875
1877) The notebook consists of 182 pages devoted to a review of the
hterature of filarrasis compiled m the British Museum Library mn 187>
(anscribed B M March 30 187>) Many of the cases he referred to at
this time were amphfied m his paper entitled A further observation on
Filaria sangusns homss an the Imperal Marutsme Customs Report I
{special series for the half year ending September 1877 pp 17 26) The
observations spanned a pertod from May 18 to July 14 1677

By this ime Manson had trained two Chinese assistants sufficiently not
only to collect the blood speumens but also to carry out the microscopic
examinations and he records carefully on each occasion the steps he took
10 check therr results (He gives the names of his two Clunese assistants
as Priah and Jak ) The cases were all males with the exception of one
female and from 21 to 61 vears of age  Specal attention was pard to their
lustory because he attached importance to previous attachs of fever of a
lymphatic nature by this he meant lymphangitis and its differentiation
from malaria which at that time was almost umiversal and amenable to
quimine

The other dominant idea which runs through all these histories 1s the
comiction that Jyluna fymph scrotum and elephantiasis were all inter
connected and mmght lead one 10 another The association of g\andu\:\r en
largement 1n connection with elept he dered a p

These glands were commonly much enlarged and tender .-md m this he
concewved the presence of the hyvpothetical adult worm m the lymphatics
In this conjecture he proved eventually that he was not very far wrong
It 15 almost mpossible to gne a statistical analysis of these numerous
cases Suffice 1t ta 2y that 1n three well marked cases of filaral disease
with lymph scrotum enlarged vriose mgunal and femoral glands he
found no filanae 1 the blood but in others they were present in assoctation
with ulcerition of the legs twice with cataract of the eves with ulceration
of corne with henmatemes:s with quartan fever with hydroceles recurrent
mflammation of the scrotum with lymph scrotum enlarged glands ele-
rhantiasis of the leg with chylura nd 1n one case with no filinial disease
but with extenane leprosy The exact pathologienl meamng of flanae o
the Llood puzzled hum at the earliest stages of this re earch and the wonder
1s that he eventually was enabled to disentangle it
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espectally with regard to the use of water and of mosquito nets would un
doubtedly exert an influence on the amount and spread of filanal disease
This was a pomt deserving mvestrgation 1n view of the fact that ths
disease depends upon such a tangible hink as the mosquito 1t should be
quite possible to prevent its spread

VI Hpypothesis on the Location of the Adult Human Filana
Parastte

The next consideration was the location of the then hypothetical adult
parasite the parent filaria Manson considered 1t mecessary to determme
this before he could undertahe any further far reaching research The m
tegration of these various approaches revealed the cold logic ot his mmd

Subsequent to the finding of filarial ova m the asprrated fymph trom
a case of varicose gromn glands he systematically set to work to ascertam
whether i true elephanttasis any traces of embryos or ova could be found
1n theee enlarged glands that accompanied this condition If thus could be
done 1t would supply irrefutable proof of the filarial origin of this pheno
enon as incontrovertible s fossils in the rochs are of extinct rawes of
plants and animals

In order to equip lumself for this tash Manson first examined the con
tents of the vagma and uterine tubes of Filaria tmmihis of the dog so as to
acqua nt hum elf with the appearance of the aborted eggs and their col
lap ed chortonal euvelopes subsequent to the escape of the embryo fi'arac
When he had made Mmself famuhar with these he concluded that he
should be able to pronounce upon the nature of any debns which he es
tracted 1n gland Iymph

Subsequently he found m almost all elephantasts cases that a smail
quantity of lymph could be expressed into the hypodermie yeedle and that
this contained collected mmato irregular masses bodies that might be con
nected with the parent parastte

Tn this conception he was sustamed by T R Lewss who had decided
that the filarta was viviparous

VII The Association of Filona sanguims homims with Disease

For evidence of the pathogemeity or otherwt e of hus Frlariz Sanguins

bomenns Manson began to search around for a senes of gase> of filarual
disease espectally chylursa Iymph scrotum and elephantiagis He was evt
dently quite worrted to get some explanation of the vagartes of ths paraste
He had noted as early as 1877 that sts presence Was not nconsistent wih
gond health and he was puzzled as have been many since those days that
10 the majority of ca es with the most marhed expressiont of filarral drsease
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te disease actually caused by the parasite without any other concomitant
nfection) the filariae were absent from the blood stream This was indeed
n antichmax and he was at some pamns to provide a reasonable explana
on of the pathogenesis of what appeared to be an anomaly Ths 1s the
nderlying reason for the detailed histortes of 53 Chinese patients with
heir blood findings which he recorded 1n the second notebook (1875-
877) The notebook consists of 182 pages devoted to a review of the
terature of filariasis compiled m the British Museum Library m 1875
scribed B DM March 30 1875) Many of the cases he referred to at
his time were amplified m his paper entitled A further observation on
‘“aria songums homms 1 the Imperal Marstune Customs Report 11
special series for the half vear ending September 1877 pp 17 26) The
bservations spanned a period from May 18 to July 14 1877

By this time Manson had tramed two Chinese assistants sufficiently not
mly to collect the blood specimens but also to carry out the mucroscopie
aminations and he records carefully on each occasion the steps he took
o check their results (He gives the names of s two Chinese assistants
s Priah and Jak ) The cases were all males with the exception of one
emale and from 21 to 61 years of age Special attention was paid to therr
ustory because he attached importance to previous attacls of fever of a

lymphatic nature by this he meant lymph and 1ts d 1on
tom malaria which at that time was almost unnersal and amenable to
mnine

The other dominant :dea which runs through all these histories 1s the
onviction that chyluria lymph scrotum and elephantiasis were all mter
-onnected and might lead one 1o another The assovation of glandular en
argement 1n connection with elephantiasis he considered a prerequisite

These glands were commonly much enlarged and tender and 1n this he
concerved the presence of the hypothetical adult worm m the ymphatics
In this conjecture he proved eventually that he was not very far wrong
It 1s almost mpossible to give a statistical analysis of these numerous
cases Suffice 1t to say that i three well marhed cases of filaral disease
with lymph scrotum enlarged varicose ingumal and femoral glands he
found no filariae 1n the blood but 1n others they were present mn association
with ulceration of the legs twice with cataract of the eyes with ulceration
of cornea with hematemesis with quartan fever with hydroceles recurrent
inflammation of the scrotum with lymph scrotum enlarged glands ele
phantiasis of the leg with chyluria and 1n one case with no filania! drsease
but with extensive leprosy The exact pathological meaming of filariae 1
the blood puzzled him at the earliest stages of this research and the wonder
1s that he eventually was enabled to disentangle 1t
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[The complete series of cases of filarial disease from which this resume
has been composed 15 to be found in the book he published m 1883 The
Filaria Sanguinss Homums and certamn new forms of Parasitic Disesse
(H K Lewis London) as well asin the Impertal Maritime Customs Med
scal Reports (Series 2 for the half year ended September 30 1879 18t
1ssue Shanghai 1880 pp 31 51) |

VIII Observations on the Filariae of Birds and Their Bearng
on the Evolution of the Embryo in the Blood

In order to clarify hts views on the production of embryos 1n the adult
filaria and to explan the evolution of the embryo from the egg Manson
turned to a study of the filarsae of birds the results led him to believe that
Lewss explanation of the process was probably correct Having so far
faled to find the adult filarta 1n any of s human cases and bemg un
aware of Bancrofts discovery of the adult female worm in Brisbane 1
1876 he therefore had recourse to the filartac of some birds that abounded
i the villaes and gardens mn the viety of Amoy The passages that
follow are quoted or rephrased from the Diary 1t 15 necessary to explain
that the term haematozoa which he commonly used refers to the hlarse
in the blood (now known as mucrofiliniae) By diligently shooting many
of the crows and magpies near his house he was able to find that a large
proportion of the white necked crows (Corvus forguatus) acted as the
hosts of two hinds of embryo filariae possibly belonging to different species
(Fig 5)

The following 1s an extract from his Diary
28th Qctober 1879

Yesterday afternoon at 430 pm I shot 3 crows and mmediately examuned tht
blood of one It was full of haematozoa This mormng I exammned the blood of tht
other two but found no haematozoa but this morning at 9 am. I shot four crows
and 1n the blood of one there were large numbers of haematozoa

He goes on to repart that m both of these crows six to eight female
parent worms were found 1 the hrst 1n the night ventricle and pulmonary
artery 1n the second i the pulmonary artery alone The parent wormg
measured 1 1nch to 34 mch long by 1/90 inch broad They were alne a;;
moving feebly Both ends were tapered down to about one third ;
diameter of the body The yagina was emitting hive free embryos propf‘:;
by peristalsis of the uterine tubes and vagmna about 17100 inch from ;
mouth. The anus was situated ner the extremty of the tail The mout
was simple and closed No male worm was found The embryos \ver:
shown 1n a sketch They were of two hinds—one larger and very 35'-;"20
the other shorter and slow and langmd The larger measured 1/100-1/
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inch by 173000 inch and were shaped Iike the hematozoon of the dog
(Fslaria ymmtrs) with a pomnted tail and very mamifest movements When
opened the mouth seemed to be surrounded by four papillae and a clear
Ime could be seen running for a short distance down the body

Shapt 1d Bl nt tall &
Yo S0 Aoo ¥ o0* Yooeo

Corpuscles 4 x5 oo

Fi¢ 5 Origial d awings of microfilariae of Chinese crow (Corems forguat s)
found by Patrick Manson Amoy Chita Oct ber 28 1879 and described un bus Dia y

The smaller embryos measured rather less (1/165 X 1/5000 mch) and
were very langmd The tail tapered slhightly and then became abruptly
truncated  the head as in the larger embryo had a very dstinct four
papilfated mouth extending from the head was a very delicate tube that
looked as 1f 1t had been the shin of the worm 1n which the body had re
tracted Movement continued on otled shdes for many hours The sharp-
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tailed embryo remained alive for 3 days but the truncated tared one dd
not The smaller embryo was provided with a delicate emvelopmg sheath
this extended anteriorly and posteriorly to form a lash at the head ani
ta] With a view of ascertarmng the origin and nature of this sheath
Manson made many dissections of infected crows

In watching the birth of the embrvo he found that as tt approached the
vagmal outlet by dint of energetic movements 1t gradually elongated the
delicate chorional envelope until the ovum from being almost globukr
became oval Its poles were then pushed farther asunder until the con
tamned embryo from being corded up came to he at full length with the
walls of the chorionic sac so closely applied as to form a skin except at each
extrermty Moreover during the process of elongation the membrane be
came so delicate that 1t could be discerned solely by careful observation
Manson was led to differ from Lewss m one respect that the process
described above did not normally tahe place 1n the uterus or vagina of the
parent but occurred after the birth of the ovtim during sts passage alon
a lymphatic vessel He nferred that a stnular process took place 1 Filans
sangianis honums

On November 1 1879 he records that he shot a magpie Hematozoa
were found m the blood There were two species one measured 1/2:0
> 1/5000 inch the other about 1/100 X 1/5000 inch The former was
languid the latter of active habit There were jerhing ponting moyement
of the head that were quite distinct but the mouth was plain and no lvh
was visible at the head or tail Five parents were found i the magpics
right heart about 24 nches long Two were males and were found i the
pockets of the semilunar valves both sortic and pulmonary The femaie
worms were 234 inches tn length the male measured 3§ inch with greate t
Dbreadth 1/115 inch and possessed double spicules with one or two mimute
papillae and a strongly incurvated tail The esophagus was straight 1/50
ch 1n length and termmated mn the alimentary canal which ran parallel
to the testis

Subsequently Manson came across one other nstance of a sheathed
embryo filarz m the blood of the handsome crowned pigeon (Gora core
nata) he found this filaria to be almost sndistinguishable from the filar
of man From obsersation of it he formed a speculation as to the mannet
n which the embryos mamntam themselves i the blood current An ex
cellent demonstration of the adhesing power that the filarral embryos 2%
peared to possess was seen 1n the blood of the Chinese grackle (Gmnl’,;:;ﬂ
migricollis) Thns bird was nfected with two speaies of hematozol e
parent worms of one spectes lay cailed m the pockets of the sermbinar

valves (both aortic and pulmonary) Aanson hnew of the existence of the
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other adult only through 2 study of its embryo which measured 1/90 mch
by 174000 inch It had a truncated ta:l but no sheath and it displayed
distinct oral movements Normally very actne from time to time it
fastened its oral extremity to the cover glass Its body could then be seen
wngghng round and round this ficed pomt for minutes at a time Vlile
the filarra was fastened thus by the mouth the tail was applied and ap
parently also fixed to the glass causing the body to struggle vigorously
between 145 stationary extremities At this stage Manson related rather
laconcally 1t was the crows magpies and other birds which decided that
this Iine of research must terminate They became 50 suspicious and wary
that thev persisted 1n remaimng out of range

A hst of spectes of birds and other ammals that Manson examined
(from October 1879 to January 1881) in the course of this enquiry
follows
Chinese cron (Cors s to guatis) 2 spectes of filaria
Chinese magpie (Pca  edwr)
Ch nese minah (Acrdot] ercs cristats s)
Chinese white grackle (Grae pica mgr oll s)
Tree sparrow (Passer monfanus)
Kite (Ml s melanott s)
Crowned gigeon (Gonra coronata)

spectes of filaria
species of flaria
species of filarta
species of flarra
species of filana
spec s of filaria

[N

Tn addition he hsted the paddy bird (Herodias gar.etta) the yellow bit
tern waodpecher golden plover domestic fowl field snake mouse buffalo
horse and cow—w1th a negative result

IX Nocturnal Perodicity

1t had always appeared strange to Manson that Frlaria senguinis honunts
had escaped observation 1n the blood for so manjy years il Lewis found 1t
there 1 1872 Ovne would have supposed that with hundreds of workers
Indwa and other parts the blood would have been searched thousands of
trmes but notwithstanding this parasite which m some places 1s present
m every tenth individual was overlooked for many years In 1877 Manson
had remarhed that 1n a filarious patient the embryos were frequently ab
sent temporarihy from the blood The explanation appeared to be that his
examnation was done in the early morning and of the two assistants he
employed one worked during the day the other after 0 oclock 1n the
evening

There 13 human drama here because one of these young men had a sich
mother whom he attended with that filial concern so unnersal m Old
China during the daylight hours so that he worked as hospital orderly
during the mght His compamon came on duty durmng the day Manson re
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marhed that the day orderly made very few finds 1n compartson to the nght
orderly but was inclmed at first to attribute 1t to accident However some
months later he directed that the blood of a filarious patient be exammed
datly and that an accurate register be kept of the results On some davs
there appeared a great abundance of filarsae on others none or very fen

he was not aware of any law goverming this but recollecting the different
results obtained by his assistants according as they worked durmg the
day or after dark and now suspecting that 1t was not altogether accidental
he made a series of systematic exanunations every few hours on this par

ticular patient as well as on others with a view to ascertamng if ths
pertodicity was mamtamed n every case In this manner he examined 2
number of patients and found that unless some disturbance such as fever
interfered with the regular physiological rhythm the filarfal embryos

variably began to appear 1n the airculation at sunset after this therr num

bers gradually tnereased till almost midmight but during the mormng therr
numbers became fewer by degrees so that by 9 or 10 o cloch t the forenoon
1t was a very rare thing to find any in the blood Then till sunset they ap

peared to have completely deserted the circulation but 1n the everung they
came back once more to disappear n the mornmg and so on with the
utmost regularsty every day and also from day to day The cycle was com

pleted every 24 hours and there were no longer spells of absence (as had
been once supposed) than from morning till evening The figitres he quoted
abundantly sufficed to establish periodicity of the embryo s appearance 11
the blood The original chart of nocturnal perodicity (Fig 6) compiled by
Manson 1s still preserved at the London School of Hygiene and Tropieal
Medicme It shows the readings made from Hin Lo s blood tahen every
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Fic 6 Patrick Mansons oryginal chart of nocturnal peniodicty made from ‘Ec
blood examiriations of his gardener Hin Lo (1877) The curve of nocturnal peorod
mmicrofilariae as seen above and below are synultaneous records of pulse ﬂ'z # M{
temperature respiration and barometer readings (Onginal chart 15 m the Lon
Schoo! of Hygiene and Tropical Medictoe )
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3 hours over a period of 14 days The ruling of the chart was made by
Manson s own hand and shows great accuracy of execution

Ruminating on these pomnts and on the readiness of the embryo filartae
to discard thexr sheaths when removed from the blood he thought he should
not have to look far for the explanation The nocturnal habits of Filara
sanguims homums were obviously regulated to the nocturnal habits of the
mosquito as its ntermediary host and presented another of the wonderful
nstances of adaptation s0 constantly met with in nature

[At this stage Manson thought of ascertaimng whether the same sort of
periodicity was observed by the flagellated (Tr
levrst) discovered by Lewss in the blood of Caleutta rats He accordingly
examined 30 rats 1n order to ascertamn whether this orgamsm occurred i
Clunia as well Six were found to be heavily mfected There would there
fore have been no difficulty in procuring subjects for observation but the
trouble and cruelty of periodic exammation of the rats blood were so great
that he had to abandon the 1dea |

In reference to the facts quoted above several questions sprang to mind
First was the disappearance of the embryos brought about by their death
so that a fresh swarm had to be produced every 24 hours? Second f the
embryos did not die where did they conceal themselves during the day?
Third had this persodicity any pathological significance?

With regard to the third question he did not think 1t possible to provide
an answer although it was possible to speculate vigorously His own con
vichion was that the true pathological sigmificance in tropical disease was
by no means fally understood nor was the importance of the parasite com
pletely apprehended In order to obtain an answer to the other two ques
tions as he was demed the privilege of postmortem examnatton of men
he turned agamn to the dog and tried to get some light from the behavior of
the embryos of Fiara smputis He therefore endeavored to ascertamn
whether there was a similar kind of periodicity mn thus paraste [t became
evident that there 1s a certan periodicity which 1s not quite so complete
as m the case of the human filana Embryos were never entirely absent
from the blood though thexr numbers fluctuated and were always greater
during the evening and mght than during the day the period of greatest
scaraity was from 9 00 A n to 1 00 e This periodicity 1n the dog as in
man had reference to the habits of the mntermedary host This finding
mught be expressed thus As regards the embryo filariae 1n dogs there 1s
m the daytime a remission m numbers 1 man an suternussion

Hoping to get more information on the fate of the embryos during the
period of remission Manson procured a large Chinese chow dog and for
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a few days made a preluminary study of its blood parasites the ereature
however proved so unruly that the regular remission of the number of
embryos became disturbed (as would happen from fever n humans) It
appeared from this that embryos were at their lowest ebb in the earlv
mormng  Accordingly he selected ope mormng when at 600 a3t the
embryos i a drop of blood numbered onfy 82 and administered a drop of
prassic acid The heart was found to contan four female and three male
Filaria tmantss

Taking this 1n conjunction with the register of embryos free in the blood
at different times of the day Manson concluded that the embryos of Filara
smamitis do not die or disappear after such a brief ewstence as 24 hours
but that they rest pertodically 1n the most minute branches of the puf
monary artery and that when they disappear from the general circulation
they are to be found in the lungs He was greatly puzzled to account for
the method by which they managed to mamtam their position i the blood
current He conjectured that they attached themselses to the inner surface
of the vessels usmg their oral extremuties as a sucher, m a mannet which
he had observed when viewing under the microscope the human filana a
well as 1n those of birds There could then be hitle doubt that somethtog
sinilar happened tn the case of Filara sangins honums and that durn,
sts period of temporary absence from the peripheral circulation the embryos
rested 1n some of the thoracic or abdomidal viscera awarting sunset He
concluded that a mucroscopie examination of the viscera of a filarsated dog
suddenly dying of 2 nonfebrile disease during the daytime would determin®
this pomnt Manson gave statistics of the postmortem findings on two dogs
tt both 1t was clearly shown that the greatest number of embryo filaae
were present 1n the lungs

Manson concluded that the parent filartae hive 1 the Iymphatics probabls
1n the lymphatic trunks on the distal side of the glands They are oviparou>
and the eggs are carried by the lymph currents to the gland where they
are atrested until hatched after hatching the embryo passes along the
Iymph vessels and enters the airculation Resting in some organ (probadl)
the lungs) the embryos circulate with the blood durmg the mght

X The Reversal of Nocturnal Persodicity
In December 1881 Manson mvestigated filanal periodictts still further
1n an attempt to disturb the rhythm i the manner of Dr Stephen Mac
kenzie s plan of turming day mto mght and vice versa (Machenzie s
Lancet u pp 707 708 (1881)) The following toformation 15 taken from
Mansons Diary The experiment 1s divided into three parts ont three
subjects



PATRICK MANSON AS A PARASITOLOGIST 99

Subject 1 Jin male 25 years old a field worker The subject gave a
history of an abscess of the lungs at the age of 12 to 13 and of a simlar
abscess when 17 years old 1n the might popliteal space Since that time he
had had ague attacks 1n the autumn of an irregular character and often
attended by inflammation of the mguinal glands Two men from tus village
had been operated for enlarged scrota but he had no knowledge of ele
phantiasis 1 his willage of 200 souls He came to hospital on account of
an enlarged spleen and dyspepsta A prel v e of his blood
showed filarial normal nocturnal periodicity

Observations began 1n December 1831 Blood samples were taken from
6 00 A2t atintersals of 3 hours dav and might The maxumum number of
filariae per shde was 35 From December 9 to December 26 observations
were made regularly For the first 5 days sleep was mdulged m at the
usual time During the remainder of the period the patient slept during
the day but was hept anake during the mght

Manson recorded data on the size of the blood drop on the shde the
temperature 1n the mouth the number of filariae and the hours of sleep
From the assembled data he constructed an accurate chart 1n which the
might hours are blacked out by sepia pamt from December 9 to De
cember 23 1881

The total number of tlarae during the mght hours 9 00 »mM-6 00
AM ranged between 100 and 120 It was clearly shown that the reversal
of sleep began on December 15 and the periodicity became diurnal + days
later on December 19

Subject 2 Terk Po male a farmer The subject was from a village 150
miles north of Amoy mn which there were several cases of elephantiasis of
leg and scrotum He had commenced to be 1ll four or five years previously
with a tertian ague especsally during the winter he had had an enlarged
spleen for several years and for a year had suffered from an enlarged and
pamnful testicle The spleen was enlarged to the umbihcus he was very
anemie and there was swelling of the scrotum testicle and gron glands

Observations commenced on December 31 1881 and continted to
January 24 1832 Tetk Po slept & hours a day for 4 hours at a time 1¢
800-1200 Ax and 8 00-12 00 ar By this tinung 1t was shown that
the nocturnal persodicity had been disturbed and filariae began to appear
in the blood during the daylight hours although the maximal numbers ap
peared from 9 00 # 3 to 6 00 A This tume no reat reversat of pertodicity
tooh place and the correct term would be partially periodic  Nevertheless
the number of filariae was hardly comparable with that n the previous
case The manimal number per shde was 28

Subject 3 In male 47 years old a farmer The patient came from 1
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village in which there were many cases of elephantiasis of the scrotum
Smee boyhood and nearly every year he had had swelling of the scrotum
and testicles with fever lastng 3 or 4 days He had had tertian fever at
tachs with swelling of spleen and scrotum The grom glands were enlar o
to the size of hens eggs He also had right facial paralysis In came to
hosprtal because of chronic ulcer of the right leg

Observations following the same lines as those on subjects 1 and 2
began on December 30 1881 and ended on January 26 1882 The reversal
of sleep habits began on January 8 and filariae were found durng the
daytime 4 days later The restults were sumilar to those m the foregome
cases The maximal number of filariie per shde m the blood preparations
was 49

In a letter to the Editor of the Lancet mn reply to one by Vandyke Carter
of December 22 1832 Manson stated I have repeated Mackenzies ex
periment of heepng a filanous subject awake all mght and allowing hm
to sleep during the day and with the same result After two or three days,
during which the ingress and egress of the embryos were very irreguiat
periodictty became completely mverted

XI Mansons Search for the Adult Filona bancroftt

No account of this pioneer work on filariasis could be complete without
some reference to Manson s Herculean efforts to discover the adult flana
1n human tissues From the start Manson was hampered i this quest by
the bitter antipathy of the Chmese to exammation of the body after death
There are some intriguing stortes of how he tried to evade this ban

Once early 1n August 1877 he recorded the following account although
making no mention of the real circumstances i his Diary He knew ofa
Chinese who ved n 2 go down 1n Amoy native town and who was met
unto death He also knew that for many years the man had been afflicted
with elephantoid swelling of the scrotum «nd legs and that he had filarize
1n his blood So Manson made a bond with the prospective widow for the
sum of 200 silver dollars to be paid for permusston to make 2 Jumted ex
amination after death On a particularly hot day Manson accompanied by
Ius favorite brother Dawid (who practised 1n Takao Formosa} wended
tus way to the natrve tonn and found the body 1n a hot dark room Hardly
had he fimmshed his examination and dissection of the affected tissues that
a loud hubbub was heard outeide and through a chink they could sec 3
mulling mob chanting  Death to the Foreign Devils The ‘brothers Jlt;S(
had tune to gather up therr spods and run for ther hves Eventual (;'
breathless they arrmed at Manson's bouse disappointed and dejecte
without having achieved therr aim
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Mansen s description of this case was discovered in hus second note
book It reads as follows Lien To male o4 a preacher unemployed At
30 he had general dropsy for one month a year later he had severe fever
was delirious and very 11l During the height of this fever the urimary flow
dimmshed In appearance he was a large flabby man with coarse gramed
skin

On May 25 1877 numerous filarize were found 1n his blood The note
on August 10 1877 says that latterly the patient had been bedridden and
foolish 1 conversation and quite mncapable of moving himself as he was
so umiversally edematous It was noted that the transverse precordial dull
ness extended from the mpple hne to well over the night side of the sternum
and that 2 soft systolic murmur became audible over the heart Throbbing
of the vessels of the neck was noted but with a full regular pulse He
died comatose on August 10 At autopsy flaral embryos were found mn
the blood from a small vemn 1 the mnteguments of the thorax The spleen
was enlarged and the liver cirthosed a considerable amount of flurd was
found 1n the perttoneal cavity The heart was diated but no valvular
lesion was seen There was a considerable amount of flud i the left
pleural cavity No parent morm was found in any vesse! opened The
thm'amc duct was not found The examnation was made under very dis

lat crying wife n room and very
obstructive atmospheric temperature 100 F no air very bad light much
fatigue  Not allowed to remove any part of the body

Nothing daunted Manson tried 2 second time In this case a Chinese
patient died with extensive edema so Manson determned to search the
body for parasites With the aid of a trusted old porter he smuggled the
body to a piece of waste ground near the hospital where sheltered by a
wall he exased 2 prece of muscle to look for trichmosis He found none
but he had thought that on account of the native taste for pork this infection
had to be excluded He found no evidence of filariasis either but then 1t
dawned on hum that a poor fellow he had attended ten years previously
Takao Formosa had really died from beribert and not from real cardac
disease and this was just another similar case

Another attempt was made when he distnterred a corpse in the native
cemetery to look once more for filanae but found an entirely new worm
Ligula mansom mstead

Success came at last on October 11 1850 when he discovered the adult
Filarig bancrofty 1 a Iymph scrotum but Bancroft had beaten him by just
four years

The patient Phie a male about 46 years old was a Chinese pedlar and




102 SIR PHILIP MANSON BAHR

farmer with a lymphoid discharge from the scrotum The grom glands on
each side wese shghtly enlarged and scanty mucrofilarrae were present n
the lmph In this mstance Manson believed that the obstruction m the
Iymphatie crrculation lay low down not higher than the femoral glands
He judged 1t complete because of the scarcity of corpuscles n the lymph
m additon to its pale clear character the absence of varicosity m the
glands and the presence of embryo filarrae 1n the Iymph but nof 1 the
blood It was evident from the persistence of live microfilaniae m ths
flud that reprodiction was continuous On October 13 1880 he removed
part of the scrotum wunder chloroform mainly because of the danger to
Ife of this continuous discharge of lymph He found the spleen much
enlarged as well

The most affected part of the scrotum was dragged down untdl 1t was
clear of the testicles and Manson removed a circular mass 24 by 3 mnches
1 diameter of soft spongy scrotum He then found that by pressing on
the right femoral glands he could force a stream of lymph to flow witha
projection of 3-4 inches On unfoldmg the cut surface he saw a lon
slender worm wrigghng vigorously n size and 1 color resembling a prece
of catgut but only about 2 mnches of 1t were free He farled to extract the
rest and the worm snapped off leaving its tail bend The head and
mouth were stmple and the vaginal openng 1/25 inch removed from the
head It was packed with embryos 1n all stages of development and m
those that escaped the sheath was quite distinctive Careful measurements
were made of the worm 1tself and the organs 1t contamed

On one more occasion he was near success In the latter days of Man
son's active mvestigations m Amoy on the pathology of filarsal drseases
he had formed a theory on the blockage of lymphatic capilaries by the
aborted ova of a dying or injured parent worm He had thought that this
mght be the underlymg mechanism when he found filatial ova 11 asprrated
Iymph from enlarged grom glind when the embryos were absent from the
bloadstream The other condition that atose from the presence of 2 detunct
adult worm was abscess

On January 7 1881 Manson found the remams of a dead female ﬁlnrlfﬂ
m an abscess of the upper part of the r,ht thight n a Chmese who suh
fered from varicose grom glands 1In the dark yellow brown pus wh
exuded after inciston portions of the filaria uterus decarte eatangled 10
a needle he drew through the pus and in one fragment large num et
fully formed outstretched embryos were demonstrated Embrvo ﬁamﬂ
were found 1n the mght blood as well as the ymph asprrated from the gros
glands

bers of
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X1 C y Data Regarding Filarial M hy

‘Those who have followed Manson s filana story may be wearied by 1ts
length and the time 1t consumed (seven years) but this was not the end

By 1883 the work appeared to be complete and was summarized 1 the
book on Flaria sanguims korums that Manson published mn that year In
September 1883 we find him once more in a laborious undertabing to
confirm s work of five years previously and to repeat it on a more ex
tenstve scale The records of this research wlich entailed dissection of
seventy mmne filanated mosquitoes with accurate measurements of the
contained larvae occupy thirty srx closely written pages of his Dary His
main conclusions remainted as before but a great many more details re
garding the morphaology and the dexelopment of the 1nternal organs of the
filarize are included and for the first time he realized the importance of
the thorax

His systematic observations usually undertaken at 6 00 ax com
menced on September 7 1883 and werse continued till October 22 of that
year

He sets his aims for reporting as follows (1) date of observation (2)
species of mosquito  (3) the number of hours after ingestion of blood
(4) the quantity of blood 1n the abdomen (5) the state of the red blood
corpuscles mn the mosquito s stomach  (6) the state of the ova mn the mos
quito (7) the number of the filariae m the abdomen (8) the condition
of the filariae and state of their actnaty (9) size length and breadth of
filartae i the thorax (10} markings of the filariae and observatson on
the sheath (11) special observations on the development of the filariae
with reference to temperature

For instance after September 26 he noted that the mghts became colder
and the thermometer dropped to 75 F Subsequently s infected mos
quitoes were kept m an incubator at a temperature ranging from 80 to
85 F and he noted that the rate of development of the larvae had become
proportionately accelerated

In some the filaniae were i greatest abundance m the abdomen where
he counted hundreds and on one such nstance only six could be found
m the thorax In mosquito no &4 there were no fewer than 36 i the
sausage stage in the thorax and m these he could recognize the formation
of the alimentary canal and 1n the more advanced mdrviduals aggregations
of cells that might represent the vestiges of organs of generation

The most adsanced and fully deyeloped lariae (the nfective stage)
were discovered 1n mosquitoes nos 76 and 78 They were found 1n large
brown individuals dissected 1584 hours after feeding on the gardener
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Hin Lo One i particular, measuring 1/16 X 1/825 mch was 1n mcessant
motion m wrigghng movements constantly cothng and uncolling tself
At the caundal extremity he could distingwish two 1f not three rounded
papllae The almentary canal could be seen moving about mside the
muscular body wall and accommodating stself to the movements of the body

The final paper embodymg this research was subsequently published
1884 as The Mctamorphosis of Filara songuims homsms wn the Mos
quito [Trans Linncan Soc Zool 2 367 38 (1878 1886) with Plate
NXAIN and numerous figures of the developmental stages of the larval
filarra)

Remarhing that this was the third occasion upon winch he had repeated
tus mosquito experrments Manson undertook the task as he thought that
he could do some service to my profession and to this branch of helmnth
ology if I went over the ground I had trodden before He did so also fo
refute the cnticisms of Lewss, Leuchart and especially Scheube (who saw
na connection between the larval forms mn the mosquito and the embryontc
stages m human blood and even suggested that the filarrae were digested
1 the mtestine of the mosquito) 1t now became evident as Manson 2d
muts that he had been informed by R ‘T Lewts of the penetration of the
thorax by the Jarval filariae  Lewis was the first to mention the migration
Until I had read his description of his experiments on Filapa metamor
phosts 1 entirely ovestoohed this sigmificant pomt  This word appears for
the first tune 1 the text as well as w the caption to the beauttful and
accurate Plate XXXIX All the figures are accurate presentations judged
by modern standards drawn by Manson himself and Iithographed by C
Bergeau It becomes apparent that he anticipated the fact that the faral
filaria undergoes at least two ecdyses within the mosquite

In this study he di d over a th d q and found m the

filaria mosquito  that 12-18 hours after feeding the thorax was {all of
parasites wheseas those that rematned in the stomach were digested He
agun distingusshed between the different specres and their capabilities of
acting as a nurse The snuff brown one was undoubtedly Culex fofigars
Of the uger mosquitoes he recogmzed two the larger (A scgypts) was
distinet from the smaller (A seutellans now A albopsctis) shich fad
white bands on Yegs and body He conciuded that nenher was an effizzent
host 1In the mature larva he noted that the papilae spread out like the
petals of a floner extending considerably beyond the margin of the ar
cumference of the body

He also had evolved a techmque for presering the larval flactae on 2
shde by staning with gentian violet Finally he outlmed 2 plan for m:x
centrating fully grown larvae mn bottles of water untit 2 sufficrent €0
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censration had been obtained to infect man duting the act of drnkmy and
he entertamed no doubt that the result would prove successful He ap
parently had sk to ths belief alf through tus research because a pote
has been f5und in the Drary whach records an attempt fo wnfect a Formosan
morhey with Filari, sarg ar 15 fomms on August 17 1878 On a Sunday
marmng 2 monrey was grven 12 mosquitoes (full of filanae) on a plantar
They had been seen f eding on Hin Lo s blood ot the previaus night The
same number were given on the next four days The monkey s blood was
d on vanonus N ber 3rd w1 h a negative result

XIIT  Correspondence with Spencer Cobbold upon Subjects
Already Discussed

Letter to Spencer Cobbald Augu t 25 1880 on penodionty

Alttough 1 the papes 1 sent you some hime ago I refrared from speculating
on the cause of filaval petodscty vet I have thovght a great Jeal about what
might be th reason of this most remarkable phenowsmon which savours of the
marvellous  As Dr Martm r Granwtfe remark 3t will deserve the atten ion
of prysialogists For could we ascertam whay the subtle 3:ffuence 13 which sets
these ¢ eatures circu ating 15 the bood tream and arrests them with sach military
punctuality wa probably would let mu b light ¢ on many an obscuse problem both
w phvsology and i gathology It w s wath th e ton of rovd ng myseld with
a tandard with which to compare the results of ots rvation and experiment that 1
prepared the chart I sent you

Dr Mortimer Glanvilles ingenious speculat ons are Lased on the assump on that
the phenoraevan af periods tty depend 1 some way on sleep eiher on the mecharics'
changes i the cwcu'atr when the body 18 i tne recumbent posion or on the
diflerent propottions nf peygen m th blood or in the relative alterations of birod
and tissue temperature dur ng the wak ng ard sleep ng states Pov a the embryos
begut ta appear tours before the usual tme for repcse and are m no way sen bly
affected sy changes in the hours ot sleeptng and waking t s ewident that the
power which fixes them and fets them foose operates independently of the sleeping
state It assotiz od wath the advent of night but not of sieep

According (o Glanwile The change of place may be fairlv ascs bed fo chawge
of state Loohmg o the habits of hi i the lowest orgamisms it can searcely be
suppased that the prriodieity can degend on the Stae or requ rements of the
Frlariz It v not licely that the parasie needs sepose or that 1t resarts to spucal
Iocalines to feed It seems more probable that the state of the cremt tng fAwd
determunes the presence or absence of the Filarae m 1ts maw current Ty nmight and
day tespectively  The fisst part of this § qute agree wth but the last part I am
7o 50 sure about What 15 the d fie ence berween the state of the weulanng
fud between 4 pot and 6 pm respectnely? It is ewdent that something h prens
between these hours winch lberates the embryos I db not know that phvsiologs fs
Yave demenstrat d or even supposed some sudden chanee begmn ng 1 the bood
between these bours  Agan the condimions permuttmy, the free circulatinn of the
parasites contynue with nerea my effect up 1o mde ght ard the restrmmng snfinences
which fix them are gradually supphed from that time tl} &t y £ff ¢ almost complete
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fixation by nine or ten oclock next forenoon What alteration 1n the physiological
state of the blood or body generally corresponds to these hours? If you refer to
my chart you will ind no explanation m the rapidity of the circulation nor in the
temperature of the bodv For sometimes the pulse 1y quich when the embryos are
an 1t 15 slow the fluctuates a degree

without effect upon the numbers circulating

Whatever the cause may be certamly operates through the body the medium m
which the parasites are but T very much icline to think that though operatmg
through the body 1t 15 placed outside of it Of one thing we may be quite certam
that from the fact of this periodicity being one of 24 hours its remote cause 1s
the nising or setting of the sun or rather the altered relation of the earths surface
to the sun occurring every 24 hours Of one thing we may also be certamn that the
immediate cause 15 applred between the hours of five and seven pm What then
1 the phenomenon 11 nature which depending on the position of the earths surface
to the sun begins to operate on the human body with the utmost rigidity between
the hours of 5 and 7 pm 1ncreases m power up to rmudmght wanes tovards
mormng and finally ceases to act between 9 and 10 am ? A correct answer to ths
would be a step towards the solution of this strange problem only 2 step howeser
for the method of its operating would still remam to be explamed We may dismiss
at ence the durnal variation of atmospheric temperature and pressure for although
especially mn these latitudes these daily ranges are pretty comstant yet when
completely mverted as somehimes happens and as you may see from a companson
of the chart and meteorological regs ter there 1s no corresponding disturbance 1
filariat periodicity

In casting about far the answer two things occur to me Ist the rays emanatug
from the sun undergo about three hours marked alteration m their proportions and
power 2nd they may make condtions of the earths surface a change about the same
time I mcline to dismiss the former as the dircct cau e for were the suns 1ays
the direct regulatisg mfuence we might expect to find the thythm observed by the
embryos affected by the presence or absence of clouds and so forth This s &
from bemng the case as you can see by comparing the chart with the meteorofogical
register

The periodicity bears no relation whatever to the hours of sunshsme clovd, o
ramn or other condittons mnfluencing the quantity of hmds of rays wmpingmg directly
on the human body at least as far as { can see With terrestrial magnetrsm the
case 15 quite otherwise Its varations are rhythmical If you consult authorities
on the durmal varsations of the decl and of the compass and
1atensity of terrestrial magnetism you will find 2 marvellous correspondence betweet
the rhythm of these phenomena and that of filaral periodicity For example the
needle of the compass crosses the magnetic meridian or mean datly posstion ‘bernees
the hours of 9 and 10 am and of 6 and 7 pm duning the might and early mormng
the nosth end of the needle 1 to the east of the merdan during the day to T
west and hours when the meridian 15 crossed correspond pretty closely to the hmes
of change from rest to activity and 1ce  ersa of the filarta embryos

Agamn the mmmum of daly change of terrestrial magnetic mtensity 15 behﬁ"
the hours of 10 and 11 am and the mavis sum between 4 and 7 pm  varying she! \\i
with the season of the year These hours correspond very closely with  base of
eomencing rest and activity of the filaria n the normal state of the body There
15 no proof whatever that there 15 any cause and effect between the two phenomena
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but the comcidence 15 most strihing and suggests further mnvestigation If expert
ment sl ould how such relation 1t would be interesting to know if the cause operated
drectly or if the effect on the embryss depended on phys ologieal changes m the
body the result of terrestria] maguetism These may seem wild and unjustifiable
speculat ons but I only offer them for what they are worth and desire to separate
them by a clear and well defined lime from my facts But the smagaton has its
place m sctence I beheve as well as nigid mductive observation.

At any rate actuated by these speculations I have made ome or twa crude
and unsuccessful experiments I wish very much some expert mn physiology and
electriaity would take the matter up My knowledge 1 so hmited and the apparatus
1 can command so crude that I de pair of bemng able to give the answer myself
I beleve a svstemahc exammaton of the compound force called hght, or of
terrestrial magnetism n th 1r mfluence on these worms would give mo t valuable
result mot only in solving this most interesting problem but 1n opemng new and
fertile field 1n pl ysiology and pathology

1 do not antscipate much from observations on the di turbing effect of drugs and
the febrile state  These undsubtedly m the future will be fou d to have an mfluence
on filarsal per odicity and 1t 1s po sible th study may lead to ju t conclusions as
to the cause of the phenomenon It 15 not lkely however The conditions of
expeniment become 1n such cases almost too complicated to unravel Ve must be
careful to bear 1 mind that substance m force which mterfere with the perodicity
may ha e nothng i common with 1ts normal cause Assumng that quimne has
this power st would be absurd to jnfer that the presence or absence i the blood
of this drug has anything to do with normal period city Tt 1s only by the exclusion
or mverson of the cause th t v e may hope to ar ve at correct conclusion 1
lave written more than I 1 tended about my speculative subject The great mterest
you take 1n these matters 1s my excuse and I hope you admit 1t

1 leave speculation alone now and pass to the facts in explanation of the chart I
bave sent you This chart records a eries of observations on the blood temperature
and on the pul ¢ of two Chnese lads ascertained to be filarious and were 1 the
man made by themselves After enlisting them m the cause and before commenc ng
systematic observatons I t amed them to recogmze and count the embryos with
tle mcroscope and to read accurately the clinical thermometer I took care from
time to time to satisfy myself that observations were carefully made and recorded
and I believe that 1f there are any errors 1n the chart, they are few and unimportant
Observatons were made every three hours day and mght duing one month
At first the hours selected were 17 3 6 9 and 12 3 6 9 but after two days 1t
was found convenient to change them to 1 4 7 10 1 4 7 10 The quantty of
blood was as neasly as po sible the same in each exanunation just sufficient to
form a thin workable film fully occupys g a covering glas 1/ X b

The inevitable d fferences 1 the quant tes examned probably account in part
at least for discrepancies in the number of embryos found at corresponding hours on
different days Notw thstanding this unavo dable imperfection the m croscop cal
cbservations serve their purpose and m the mam tay be reled on The same
¢l mical thermometer was used th oughout and by both lad  The mstrument I find
o companison sl S PRI 1 100 gh s by Abuit a po T of 2 degree Ths
cireumstance explams the range of normal temperatu ¢ ber g m the 100th stead
of the 99th degree as 15 usual

Food of the k nd usually consumed by middle class Chinese viz rice a bttle po k
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or beef salted and fresh fish and vegetables was taken at 7 am 1 pm and 7pm
or thereabouts

Sleep durmg the mght was 1 to take ob
consequently was frequently indulged m during the day The meteorological observa
tions recorded 1n the chart were made with an ordwary large anzeraid barometer
with thermometer attached The nstruments though good enough perhaps for the
purpose m hand are probably not perfectly rehable I have accordingly procured
from the Customs a copy of their meteorological register corresponding to the period
aof these observations This 15 very accurately kept and may be trusted with the
exception of the afternoon readings of the thermometer In consequence of the faulty
position of the instriment they stand 3 tog high during the afternoon

Both lads come from Hooswe Oah a filarasis district some three days journey
north of Amoy They have resided ;m Amoy a very few months Li kha (I m the
chart) 15 27 years of age of average size and 1 good health He has no hstory
of fever or any serfous discase Tiong Seng (II in the chart) 1s 21 years of age,
and s farrly well noursshed When he was 14 had what he calls ague (what 1
call jymphatic fever) and from that time till now has on an average one attack
about once a month These attacks begmn with dizzimess uneasiness of the body and
fimbs  This graduafly merges mto a cofd stage with moderate rigors of 2 0 3
hours duration then succeeds 2 hot stage of very high fever of 24 hours duration

n a moderate d lastmg, for an hour or two The fever 3

accompanted by complete anorexia and during 1ts contmuation the mngumal and
femoral glands invarsably swell up and pa excessively Unless the attack of orchit
ar mflammation of the tunica vagimabs to be hereafter alluded to he has never bad
any trouble about the gemtals or himbs or any signs of elephantoid di ease The first
three compartments of the chart refer to Li Kha I the second three to Tiong Seng 11
and the two lowest are accompariied by readings of their thermometer and barometer
At the margin are numbers refernng to numbers of flariae found temperature of
the body beats of pulse per minute etc Along the top the figures refer to the date
and the hours of the day

One or two things require a little explanation The effect of the Febrile sate 18
well shown i the case of Tiong Seng (1) From the 12th of July when systemati
observation commenced till the afternoon of the 16th he was m hu wsual hea
though his temperature ranged rather high and the flarral rhythm was perfect. At
1pm on the I6th after bemg out of sorts all mormng he had a nigor followed by
a rapid fise of temperature and smart fever At 4 pm he took § grams of ll““:‘:
by 10 pm mflammation of the right tunuca vagmahs with effusion and pe bags
orchitis declared stself and the grom glands had become pamful and swollen 1\0‘;
day he was confined to his bed flammation continuing he took three dores h:d
quumne of § gramns each during the day On the 18th fever and inflammaton
subsided and ke took only two doses of qunine  On the 19th the fever and n'!ﬂzt’n!;"a:i
ion reiapsed and he nad an s¥ach of 3 ot of tomyulrve Bystena Wk dxy be b
three doses of qunine On the 20th he was better and on the mornmg of ‘\\61 -
was entirely free from pam and fever The swelling of the testcles and L
gradually subsided Contrast the behaviour of the thermometer and of the embz:n
during and smmediately affer the attack The distutbance mn periodioty dd m;: e
for some tume after the thermometer had risen and 1t continued for dayls 1‘: ot
temperature had fallen to the normal standard Inference—the mm; eva‘ : i
temperature has not per s¢ any effect on the pertodiaity and 3t would show




PATRICK MANSON AS A PARASITOLOGIST 109

were this the case  Pathological changes consequent on the febnle state have and
until these are eliminated or subside filarml rhythm 1s interfered with The effect
of the fever seems 1o be to prolong the period of remission and to dimmish the
numbers circulating at the time of mawimum and prevent complete fixation st any
tume

As the qu mine taken during the attack might have had some disturbing influence
I tried the effect of a large dose sn Lt Kha (1) on July 26th Thirty grams were
taken 1 three doses of 10 grans each at intervals of one hour beg nming at 10 am
On the followsng day you see the pulse rose the temperatura fell and comparatively
few embryos could be found circulating and therr ngress that evening appeared to be
defayed but by 1 am on the 28th they were as numerous as ever and thence forward
period ¢ ty and numbers continued as before the experment I cannot say however
that th s shght perturbation was the result of the quinme for Tiong Seng (II) was
treated 10 exactly the same way on the 29th but periodiaty and numbers were
11 1o vay affected

Nutnite of amyl (15 drops) was inhaled by La Kha (I) at 10 am on the 25th
‘There were no embryos 1 the blood when inhalation commenced shortly afterwards
2 were found on one shide 3atlpm—2at4pm-—0at7pm and 1§ at 10 pm

Santon n gr 4 was given to Ly kha (I) at 10 am on the 29th and the same dose
at7pm No effect apparent

Tu pentine spray nhaled by Li kha (I) at 10 am August st No result

Quassa tincture spray mhaled for 11 munutes at mdlay August 1st by Tiong
Seng (1) No result

Besides these T have tried one or two experiments with electricity but they proved
barren and need not be detaled Referring agam to your Quekett Club communtea
ton of 27th February I would a & you 1f Dr Bancroft has publ shed Jus observations
oft the dog louse as mtermediary host of Fila sa wmmtis Unless he has observed
metamorphosis of the embryo in the louse s stomach it 1s premature to conclude that
this 15 the mntermediary host Did the louse play the role he assigns to 1t then
we might expect to find F loria smm hs an the dog 1n all counts es where this louse
1s found  The 1ntermediary host 1s I fancy the principal element 1n determuning the
geographical spread of such pa astes A httle reflection soon convinces one of this

Before concluding thus letter I would suggest that Dr Somerwilles statements
about the hatuts of the Ch nese with rega d to the use of drinking water should not
be received until he or someone else has given us the details of the invesugations
that have led h m to state that tl ¢ Chinese do not drink uncoohed water I have been
many years 1n China and mix a good deal with the people and the outcome of my
experience 1s that ke most other people the Chinese drink 1 ater when they are
thirsty and can get notluing better It : quite true that there 1s a certam class of
Chinese which 55 p ejudiced agamst drnking cold water but 1t 15 only the rich
classes who can afford to act on such prejudices I asked a Chitese fend Do your
countrymen often d wmk cold water the farm servant and coolies?  Certamly he
sad all drnk water for if thirsty on the il side or 1n the fields what else can they
get to drink?  Only a day or two after read ng Somervilles letter I asked con
sectitive patients as they passed through the Hospital consulung room about thewr
drinking hatats and thirst and the answers to my question Do you drink cold water?

1 Case of elephantord leg a paper hanger Before my dsease began I drank
cold water daily especially durmg the hot weather

2 A caseof bruise n a boatman  When thirsty I always drink cold water
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3 Case of leprosy n 2 boxtman  Ywhen younger therefore before fatling i 1¢
tll T was 12 or 13 yoars old drank cold water m hot weather Siice ms Jeprosy
commenced Bever drmk cold water always tea

There happened to be mme lads assistants and dressers 1n the room whes }
miesrogated these patients Turamg to them I asked them mdindually sf thy
dranh water One and afl confessed gulty of this habst and seemed very much
astomished that any one should doubt 1t Foresgners ase not so partial to water dnok
mg as ave the tatnes at least when water 1 dronk # 1¢ wsually quahfied witk wire
ar spursts and aerated waters of different kunds are 1 general use

{Ths rather odd correspondence probably relates to Mansons bebel
that the larval filanae were comeyed to man m domhing water )

XIV  Further Correspondence with Cobbold on the Fate of
P ly Infected Mosq

It 1s quute evident from the sense of Manson s writings m ey Dasry and
so well expressed i lus correspondence that he harbored a great and
endurng respect for the opinsons of Spencer Cobbold the then President
of the Lannean Society and generally vchnownledged as the chsef authonty
on helmnthology of lus age It 15 therefore with partsculir mterest that
we should pay special attention to the Jetter Manson wrote to hum on June
20 1879 i which he informed him of the dispatch of a box {rom Amov
to London contunmg filaria smpregnated mosquitoes presenyed m gheenst
so that Cobbold should be able to venfy the truth of Manson s great dis
covers by dissecting them humself (Fig 7) It must be remenbered that
at this time the techmique of sectiomng msects m cellordin had pot been
discovered and that the partffin method had proved unsuccessful In b
correspondence with \Ianson Cobbold had suggested that he should com
municate this confirnation to the Linnean Society m 1834 but he 39

rently never did so
paThe )foﬂm\ ing story sheds a different fight on this episode In 1935
Professor R T Lewper recened a message from the curator of the Museum
of the Rayat College of Surgeons in London wmforsung kem that 3 quanbity
of helmsmthuc matemal had been discosered there and requestng his 3
sistance sn identification Among other specimens was a cedarnoad b';‘
addressed 1n Mrs Manson s hand  Inside were found 2 number of phid :1
each labeled w Manson s famuliar handunting contang filara mfec;td
mosquitees presersed m glycerin Lach phiat had been carhed and s:?r "
with paraffin w2\ and bound securely with a Jeather cap and cord e
whole series was peatly fitted mto pochets m a leather case of Chane:
workmanship Obyiously Cobbold had recened 1t nd had put it to :.f;:
side unopened Leper opened several bottles and the contaned mosqus
were found mtact and on dissection were proved still to conlam ecog
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mzable larval filariae (after an interval of 56 years) and furthermore they
were wdentified by Edwards of the British Museum as type Culer fafigans
At the same time Manson appears to have despatched some stmilarly pre

served msects to Stephen Machenzie 1n London as he had recently evinced
some imterest 1n filarial disease and had 1n 1881 studied filarial periodicity
at the London Hospital and had succeeded mn reversmg it We do know
that Mackenzie had preserved them because m 1996 Manson found one of

Fic + Mlosqu toes experimentally mfected with filarsa by Manson and sent by
him to Cobbold n 1879 Extract f om Mansons letter (June 20 1879) I will
fornard you by this mail filatia impregnated mosquitoes They are pre er ed m
glyce me and were fed on the blood of the man whose case I append
hope you I pardon this delay i send ng the mosquitoes being n ge eral practice
here the many mterruptions th's entail make wo L of ths sort exceed gly diff cult
to carry out quickly For full story of this ncident see text

tus bottles in Mackenzie s house 1 Cavendish Square while preparing the
Goulstoman Lectures on Malaria for the Roval College of Physictans
Moreover Manson mentioned this ociaston 1n a letter to Ronald Ross dated
December 23 1895 as follows

Many vears ago 1 sent Cobbold a lot of mosquitoes I kmew that Cobbolds
collection had gone to the T'oyal College of Surgeons so got perm ssion to look over
them for wy wosguates bt fakmg* Lowe 4 4o Stephen Matken o Yonse wd Yhere

* Spencer Cotbold died 1 1886 It 1 d fiicult at ths lapse of time to knov ha
Manson m sed find ng hus box except that he presupposed that t could nat be there
Thece  no record n the 1terature that Cobbold took any teps to vindicate his



110 BIR PRILIP MAMSO™N BAMR

3 Case of leprosy m 2 boatman  When younger thacchore before falhag o 5e
uff I was 1Z or 13 years ofd drank cold water m hot weather Since my lepre y
comimented never drunk cold water always tea

There bappened to be mune lads ~sustants and dressers m the room when §
nterrogated these patients Turnmg to them I asked them wndmidually of thy
drank water One and all confessed gmilty of s habut and seemed very much
astorushed that any one should doubt 1t Foreigners are not 5o partral to gater drnk
g as are the natnes at least when water »s drush 3t 18 vsmally qoabfied with nine
o spirits and acrated watess of dufferent kinds are 1n genetal use

{Ths rather odd correspondence probably relates to Mansons behef
that the fanval filarae v ere comvesed to man m dnshing water )

a4 M

XIV  Further Correspondence with Cobbold on the Fate of
B 1y Inf

ly il

1t 15 quite evsdent from the sense of Manson s writings m his Dasry and
5o well evpressed m has correspondence that he harbored 2 great and
enduring vespect for the opmions of Spencer Cobbold the the Presdent
of the Linnean Soctety and generally achnowledged as the chief athosty
on helmmthology of fus age It 15 therefore with particular interest that
we should pay specaal attention to the Jetter Manson swrote to him on June
20 1879 1n which he mformed hm of the dupateh of a bov from Amn
to London contmnng fitana impregnated mosqutoes presenied m ghycenn
so that Cobbold should be able to venfy the truth of Mansons graat dns
covery by dissecting them humself (Fig 7) It must be remembered that
at this time the techmque of sectioming msects 1 celiodin had not been
discovered and that the parafiin method had proved unsuccessful In bis
cosrespondence with Manson, Cobbold had suggested that he should cont
municate this confirmation to the Linnewm Society s 1884 but he ap

arently never did so
? The }foﬂomng story sheds a different Tight on ths episode In 1933
Professor R T Lesper recened a message from the curator of the Museun
of the Royal College of Surgeons 1 London infornung hum that a quantity
of helmthic matenal had been discovered there and requestng bs &
sistance 1 wdentifications Amiong other speimens was 2 cedarwood bt;'(
addressed m Mrs Mansons hand Tnside were found a number of P“‘“;
each labeled 1n Manson s famthar handwnting <ontatming filars ’“fc‘§ "
mosqutoes preserved m ghycerm Tach plual had been corhed anddSC; ”y
with paraffic wax and bound securely with a leather cap atd cc\;:h ot
whole serics was neatly fitted wto pochets 1 a leather case of 1m
worknanship  Obysously Cobbold kad recessed 1t and had put it !Znocs
sde unapened Lewper opened several bottles and the contained oSy e
were found wntact and on dissection were proved still to contain 2608
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mzable Janal filarae (after an interval of 56 years) and furthermore they
were 1dentified by Edwards of the British Museum as type Culev fatigans
At the same time Manson appears to have despatched some simlarly pre
served msects to Stephen Mackenzie 1n London 2s he had recently evinced
some interest 1n filarial disease and had in 1881 studied filarial periodicity
at the London Hospital and had succeeded 1n reversing it We do know
that Machenzie had preserved them because 1n 1896 Manson found one of

Fi 7 Mosqutoes experimentally mfected with filara by Manson and sent by
bim to Cobbeld m [879 Extract from Mansons letter (Ju e 20 1879) I will
forward you by this mail filaria impregnated mosquitee  They are preserved in
glycerine and were fel on the blood of the man whose case I append
hope you v 1l pardon this delay in sending the mosquitoes being 1 general practice
here the many wnterruptions this entails make work of th s so t exceedingly diffcult
tocarey ont quckly  For full story of this meident see text

his bottles 1n Mackenzie s house 1n Cavendish Square while preparing the
Goulstoman Lectures on Malaria for the Royal College of Physicians
Moreover Manson mentioned this occaston 1 a letter to Ronald Ross dated
December 23 1895 as follows

Many years ago I sent Cobbold a lot of mo qutoes I knew that Cobbolds
collection had gone to the Royal College of Surgeons so got permuss on to look over
them for my mosqu toes but fatling 1 went to Stephen Macken es house and there

* Spencer Cobbold diel m 1836 It 15 d fficult at ths lapse of time to know hov
Manson nissed finding h s box except that ke presupposed that 1t could not be there
There s no record n the !terature that Cobboll took any steps to vindicate his
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3 Case of leprosy m a boatman When younger therefore before fallng % te
wli § was 12 or 13 yesrs ofd drark cold water m hot weather  Sance my Jegros
commeneed never donk cold water always tea

There happened to be mae fads aswstants and dressers 1 the room when T
intesrogated these patients  Turmng & them 1 asked them ndovidaally & Bey
drack water One and 2t confessed gmity of this hatet and seemed yory
astomshed that any one should doubt st Foregners are not so partial 10 WA Ak
snig 35 are the panwves at jeast when water 59 drunk st 38 ssually quatifid with wie
or spstits and aerated waters of different Jands are m getteral use

(Ttas rather odd correspondence probably relates to Mansons behef
that the lanwal filanae were conveyed to mag 1 drinkang water )

X1V Further Correspondence with Cobbold on the Fate of
Experimentally Infected Mosquitoes

It 15 quite evident frome (he sense of Mansons wrisings v s Daery 0d
so well expressed Ius correspondence that he hasbored a great and
endurng respect for the opimons of Spencer Cobbold the then Presdent
of the Lannean Sooiety and generally acknow ledged as the luef authonty
on hdmnthology of hs age It 18 thesefore with particufar wterest that
we should pay specrl attentton O the letter Manson qerote to hum on Juze
20 1879 1 which he informed hum of the dispatch of a box from AmOY
to London confaimng flaris impregnated mosquios presened in glycens
so thar Cobibold should e atle to venfy the truth of Manons great &8
covery by dissectng them hmself (Frg 7) T st e remembered that
at thus time the techuque of sectionng msects 38 cellosdin had not beed
discovered and that the paraffis method hath proved unsuccessful 1o 1
correspondence with Manson Cobbold bad suggested that he should comt
soumcate (s confirmation to the Lannean Society it 3834 bat he 3
parently siever &id 52

The followmg stoty cheds » different hght on thas eprsode In 193>
Professor R T Lesper yecen ed a message from the curator of the Apseund
of the Royal College of Surgeons m Londen informung hum that 3 quantity
of helmnthic matenal had been dsseovered there and requestitg fus 38
sistance 1 dentification Among other speaimens was a cedary .
addressed m Mrs blapson & hand  Insde wese found 8 number of phals
each labeled n Manson s fanuhar handwnitng contamng flard mfect
soosquttoes preserved 10 ghyrens Tach phiaf had been corhed and 82
with paraffin wax and bound secureh with a leatber cap 30 «
whole series was weatly fitted 1nto pochets m 3 Jeather £ase of Chmnc
workmanshyp  Qlviously Cobbold had recened 1t ad had put H 18 ;,e :
side unopened Lewper openzd several bottles and the contumed mosqr‘iog
were found intsct and on dissection were prmed shil to contaw
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About 9 or 10am it 1 mpossible or nearly so to find one I have most carefully
worked 1t out and now accept 1t as fully proved The observations will be published
in detait this autumn.

A derangement m the heaith of the human host affects the regutanty of the
perodiaity 1n the appearance of the embryos in the blood Fever especiatly has this
effect and men with or without, elephantod disease are very hable to attacks of
fever The question suggests itself what becomes of the embryo filanae during the
time they are absent from the blood? Are they voided after finding their way mto
the excretions? Nol I have failed to find them there Are they disintegrated m the
blood or do they pass like lencocytes out of the capillartes into the tissues the parent
emitting a fresh swarm every 2+ hours? Their enormous numbers and the small
size of the parent render this improbable To get an answer to this I turned to the
analogous parasite the Filara smmnis of the dog By frequent gbservation of the
blood of filarious dogs I found that the embryos of F smmibis observed a certain
though less marked periodicsty and that from the hours of 9 am to 2 pm they
were much less abundant than at other times—that a drop of blood from a dog about
1 am mght contam upwards of 40 embryos whereas at 9 pm a drop from the
same mught contain upwards of a thousand, I killed a dog whose blood contained
526 embryos 1 every drop At cne tme when the number of embryos had fallen
10 8 per drop and examined the viscera with this result

One drop of blood exp essed from spleen 32 embryos
from fadney 0
from Inver 34
from lungs 4582
From this I infer that at certam times the embryos of Fla 15 ummitis of the dog
rest 1n the lungs and perhaps the liver (probably this period of rest has reference
to the habuts of the intermediary host)

An analogous thing undoubtedly takes place m the case of the Filarta sangutms
of man but bemng deprived of the privilege of a Sectto cadare 5 in a suitable case
1 cannot say i what organ or tssues thew rest 15 made It s jut possible that
the fact of some particular part of the body beng selected by the embryos as a
resting place may give the key to diseases the parasite produces Where does the
parent parasite lve? Bancroft n Australa and Lewss m India have found it i
abscess of the limbs in hydroceles and in Lymph Scrotum but they have not been
able to state positively 1n vhat particular structu e or tissue it resides From some
recent observations I am able to state that the parent paraste has uts habutat m
the lymphatics that the embryos pass along the lymphatic vessels and thus through
the thoracic duct, they reach the circulation If a  ubcutaneous syringe 1s introduced
1nto the varicose tymphatic gland so common n flarious pat ents and by 1ts means
tymph 15 drawn from these glands the lymph 15 founi to contam embryos
much larger projortions than 1 the blood of the same subjects The mference from
this 15 that the embryos pass along the Iymphatics before reaching the general
Creufation It mav be objected to these conclus ons that these embryos find therr
way from the blood into the lymphaties This seem very improbable and I have
examned a case lately which entrely does away with this objecton and proves
conclusively that the parent lives 1 the lymphatics 1In the case of filanous blood
1n whh the grom glands were much enfarged and almost solidified I drew from
one of the softest of the glands a few drops of clear watery lymph In ths lymph
T found eleven o a contaiing live embryo and one embryo free These ova could
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I found a small bottle with a sobtary mosquito floating i glycenne On Sechon of
the blood m the abdomen there were my Amoy fifatiae and wm 1ts thoraaie me cls
they were to0 mmost beautiful to behold,

XV Correspondence with Dr Letsrink of Hamburg
The correspondence 15 cited from Manson s Diary

Hamburg 29th June 1879
Dr Med Manson Fsq Amoy (Chiaa)

Dear Sir

I beg to take the hiberty of ashig you a favor by the accomplishment of whch
you will much oblise me In comnection with Mr Professor Esmarck of huel ] 2n
about to write a work of whorn Elephantiasis (Elephantiasis Arabum) It 15 mid
the Pighest interest that we learn of the recent scrutimies partly otigmatng fron
you concermng the filaria and its relation to Lymph Scrotum Yon would resder
us 2 great service by commumicating your present opmon of the susbon o
elephantiasis scrot to flarsa,

Further whether there 15 also found filania 1n the elephantiasis of arms and legs?
What part the mosquito has m transplanting the sickmess and are the embryvs o
filaria found 1n water (to drink)?

Further we should be very glad to be made acquainted with the statistical proger
tions of elephantiasis and 1f you would give us a description and perbaps f %
would not cause you too much trouble an image of elephantiasss mammae

Of course we should 1 publishing eur work tharkiully mndicate the sou cxs fon
which our information 11 regard ta the above queshons are dernved

By informng me about this matter you will indeed much oblige

Dear Sir
Yours farthfully
Dr Med H Lestink
Amoy 12tk Augu ¢ 189
Dr Med H Leistinh

I have obtammed some additional evidence for the parasiic ongin of o SIS
and made ost ane or two pomnts of great sgmficance 1 ymportan ¢ n the
lustory of the Filaria sangitinis homnms

You will observe that i my papers on the development of
faminis T state that the embryos are somehimes present i e ol
host  sometumes absent I had made out that na Jaw regulated shew appearanee B
disappearance but now I kriow that their presence 15 regulated sn sceordance ¥
the habits of the mosquito—therr host  Unless m ""m!
stances the embryos are entirely absent from the bood from earfy m gl m o
il unset, When the sun sets the embryos suddenly appear m the bloodh ot
mosquito s the ar  When the sun mises the embryos graduly feave e

U —— Know that
promse 1o Manson hat he would confirm his great disovery Tndeed we B O

Manson nstricted him most munutely how by dissolving out the e et
the bodies of the preserved mosquitoes yn warm salne it was possivie
titem and sa to demanstrate the contamed flarsal larvae

the Fslarsa songunss
blood of the humat
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About @ or 10 am 1t 1 impossble or nearly so to find one I have most carefully
‘worked 1t out and now accept 1t as fully proved. The observations will be published
1n detail this autumn,

A derangement 1n the health of the human host affects the regulanty of the
pertodicity In the appearance of the embryos 1 the blood Fever especially has this
effect and men with or without, elephantord disease are very lhable to attacks of
fever The question suggests itself 1 hat becomes of the embryo filariae during the
time they are absent from the blood? Are they voided after finding their way nto
the excretions? No! I have failed to find them there Are they disintegrated in the
blood or do they pass like leucocytes out of the capillaries mto the tissues the parent
emitt1 g a fresh swarm every 24 hours? Ther enormous numbers and the small
size of the parent render this improbable To get an answer 1o this I turned to the
analogous parasite the Fila 1o tmmitrs of the dog By frequent observation of the
blood of filarious dogs I found that the embryos of F imm fis observed a certain
though less marked periodiaity and that from the hours of 9 am to 2 pm they
were much less abundant than at other times—that a drop of blood from a dog about
11 am might contan upwards of 40 embryos whereas at 9 pm a drop from the
same mght contain upwards of a thousand [ lilled a dog whose blood contarmed
526 embryos 1n every drop At one time when the number of embryos had fallen
to 87 per drop and exaruned the viscera wath this result

One drop of blood expressed from spleen 3 embryos
from kidney 0
from liver 324
from lungs 4587
From thus I infer that at certamn times the embryos of Filg ra tmmutis of the dog
rest 10 the lungs and perhaps the hver (probably this period of rest has reference
to the habuts of the intermedrary host)

An analogous thing undoubtedly takes place 1n the case of the Filara sangus its
of man but beng deprived of the privilege of a Sectio cada #rts 1n a suitable case
T cannot say m what organ or tssues thew rest 15 made It s just possible that
the fact of some particular part of the body being selected by the embryos as a
resting place may give the hey to diseases the parasite produces Where does the
parent parasite ive? Banc oft m Australia and Lewss i Inda have founi it
abscess of the Limbs mn hydroceles and in Lymph Scrotum but they have not been
able to state postt vely n what particular structure or tissue 1t resides From some
recent observations I am able to state that the parent parasite has its hab tat m
the lymphatics that the embry0s pass along the lymphanc vessels and thus through
the thoracic duct they reach the syringe 15
mto the varicose lymphatic gland so common ﬁlanou patients and by its means
lymph 15 drawn from these glands the Iymph s found to contam embryos n
much larger propo tions than in the blood of U e same subjects The inference from
this 19 that the embryos pass alo g the lymphatcs before reachng the general
arculation It may be objected to these conclusions that these embryos find their
way from the blood nto the lymphatics This seems very improbable and 1 have

mned a case lately whch entirely does away with this objecton and proves
conclusively that the parent lives 1n the lymphatics In the case of filarious blood
m which the grom glands were much enlarged and almost soldified I drew from
one of the softest of the glands a few drops of clear watery Iymph In this lymph
T found eleven ova contaming hive embryo and one embryo free  These ova could
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not have come from the blood but must have been emtted by the parent durecty
mto the lymphatics They measured 1/500 inch X 1/750 wmck Thus proves also that
this Filari sangums homums 15 oviparous

T trust you will excuse me writing thus at length on the subject of filaria without
referring to the object of your letter—the refation of elephantiasis to the paraste,
But ay I consider the two related as cause and effect and that I can prove it these
facts [ hiave alluded to becore of tmportarice ta you

Filaria embryos i the blood are not more frequently found an fully developed

1 than in other of health or disease At first sight ths wouli
seem to disprove the connection of filariae with elephantiasis completely But
although the embryos are rot found m completely developed elephantiasss I find
them n many cases of d zelopng elephantiasis and T find elephantiast proper s
sociated with diseased conditions 1n which the embryoy are constantly or generally
present.

Thus lymph scrotum 1s imvanably or neacly so assoctated with the parasite and
the embryos are frequ ntly and easily found i the lymph from the scrotum 2 well
as 1n the glands and usually 1n the blood

Many cases of elephantia 1s scrots give a previous history of fymph scrotum
Lymph scrotum 15 found 1n with of leg and
scrotum  Agam I have a series of cases of partially devefoped elephantiasis of the
leg with varicose groin glands exactly like those of Iymph scrotum 1 which embryos
were fotnd erther i the lymph jrom the gland er in the blood or m both The
condition of Iymphatics nece sary for the de elopment of elephantiasts appears to
be complete obstruction of the Jymph vessels of the parts—and the condihon of
course renders 1t impossible for the filana embryos to pass along them rd to

ater the blood Thi state of affairs 15 mumical to the parent worm and cad es its
death In lymph scrotum and elephantia s with partially varicose glands there must
be some cir ulation of Jvmph otherwise the gland would soldify and contract as
we find them m pure elephantiasis Consequently the embryo, gan ac ess to the
circglation 1o these diseases

These remarks apply to elephantiast of arms mammae and other regrons as well
as that of the scrotum and leg At present my conviction t that occasionally tre
Filarta angsims hom ws produces no di ease whatever that usally esther from s
young a tng as emboh or as irtants it catses obstruction or mflammatior of
Iymphatics connected with the vessel or gland the parent ss resumg 11 that the

bstruction once lished 15 and in sts effects progressive mdependently
of the Ife or death of the original cause ju t as a mechanical Jesion of the valves
of the heart the vales of a vein the contraction of a cirrhosed lnver and so o
abide and tncrease long after the disappearance of the cause tnat if the obstrurtion
15 complete and there 1s 1o circulation of Jymph the lymph sohidfies (s ¢ as blood
s a hgatured aneunsm) and elephantians aral om 15 the result that f the
ohstruction 15 only partial there 1 vam psity of the Iymph ves el and Hmph
sctotum chyluria or a lymphorrhagia of the leg may be the reuft mn this hast
case filanial embryos arc generally to be found n blood or lymph i the case of
complete obstruction they are absent and probably the parent worms fave lng
been dead hilled by the solidifymng lymph

Additional arguments for the parasic origmn of elephantiasis wre o b found

n the geographical distribution of the disease its himutstion to jarnicular d";’]‘s;
These ds tricts being always filarous the frequency with which a ffarow
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not have come from the blood but must have been emitted by the parent directly
1t the lymphatics They measured 1/500 mch X 1/750 mnch This proves also that
this Fidania sangums hommts s oviparous

T trust you wall excuse me writng thus at length on the subject of filaria without
referring to the object of your letter—the relation of elephantiasis to the parasite
But as I consider the tuo related as cause and effect and that I can prove it these
facts T have alluded to become of 1mportance to you

Filaria embryos 1n the blood are not more frequently found fully deseloped

than 1n other cond of health or disease At first sight this would
seem to disprove the connection of filar;ae with elephantiasts completely But
although the embryos are not found in completely developed elephantasts I find
them 1n many cases of devclopimg elephantiasis and I find elephantiasi proper as
sociated with diseased conditions 1 which the embryos are constantly or generally
present,

Thus lymph scrotum 1s mvariably or nearly so associated with the rarasite and
the embryos are frequently and easily found in the Iymph from the scrotum a well
as 1n the glands and wsually m the blood

Many cases of elephantiasis scroti give a previots history of lymph scrotum
Lymph scrotum 1s found 1n with of leg and
scrotum  Agatn I have a series of cases of partially developed elephantiast of the
leg with varicose grom glands exactly hke those of lymph scrotum in which embryos
were found either mn the lymph from the gland or in the blood or i both The
condition of Iymphatics nece sary for the development of elephantiasis appears to
be complete obstruction of the lymph vessels of the parts—and the condition of
course renders 1t impassible for the filaria embryos to pass along them and to
enter the blood Thss state of affatrs 1s inimical to the parent worm and cau es its
death In lymph scrotum and elephanthasi with partially varicose glands there must
be some arculation of lymph otherwise the gland would solidify and contract as
we find them 1 pure elephantiasts Consequently the embryos gan access t> the
arculation m these diseases

These remarks apply to elephantiasi of arms mammae and other region as well
as that of the scrotum and leg At present my conviction 1s that occasionally the
F larta sangumss homms produces no disease whatever that usually either from 1t
young acting as emboli or as irritants 1t cawses obstruction or mflammation of
Iymphatics connected with the vessel or gland the parent 1s residng in that thus
obstruction once established 1s permanent and n its effects progressive mdependently
of the life or death of the origmal cau ¢ ju t as a mechanical lesion of tle valves
of the heart the vahes of a vem the contraction of a cirrhosed liver aud so on
abide and mncrease long after the di appearance of the cause that 1f the ohstru tion
1s complete and there 15 no circulation of lymph the lymph sohdifies (just as blood
mn a hgatured aneursm) and elephantians arabum 1s the result that 1f the
obstruction 15 only partial there s vanicosity of the Iymph ves efs and lveph
scrotum chylura or a lymphorrhagia of the Jeg may be the result mn tht Tast
case filarial embryos are generally to be found 1n blood or lymph in the case of
complete obstruction they are absent and probably the parent worm have Dng
been dead kulled by the solidifysng lymph

Addional arguments for the parastic ongi of elephantasis are to be found
1n the geographical distribution of the disease 1ts hmitation to particular dxsxbr[xsz

, These distnict bemg always filarous the frequency with which a filariou
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patient or a fymph serotam or chylue 3 case comes {rom the same village or
even house with an elephantiasy case

The attatks of erysipeles fo wlich elephantiasis cases are subject, and which
are often set down as the cause of 1 ¢ disease are only + hat one expects fo find n
rases of lymphatic obstraction or shight wnjury to the hmbs or on e oteurrence of
fever That they are wol the cause of elephantasis 15 easily proved by the fact
that there are many cases of elephantiasis m which fever or inflammation of the
part have never occurred  With regard fo the part tahen by the mosquto
transplanting the sickness 1 can only say that 1 have gone over the groond described
n my paper on the subject and have fourd nothing to add or alter and that
recently most of my observations on the mosqwio as intennedary host have heen
tonfirmed by Lewss of Caloutta His observations appeared as an appendix to the
Fourth Annual Peport of the Samtary Comumssioness with the Goyernment of
India 1877

The mosquito 1 as necessary for the spread of Fitarial Elepharto d wisea € as 15
the cow for the spread of tapeworm t1man The embryo of the filara after feaning the
mosquito 15 so minwte only £/30th of an wmch m length that to search for it in
the water vould b a hopeless fash  But the lstory of the mosquto makes »t
certarn or neatly o that the embryo after gomrg through developruental changes
such as I have described quats the mosgs to for the water I have seen it swimming
pa verfully . a drop of « ater mto vhich 1t had been expressed from the abdomen
of a fise davs ol mosquito and no donht confd be entertaned but that 1t was m s
proper element

T do not knov of I could furnush you with tial statistics of the vamous forms
of elephantiasis of any alue

There 15 no regstration of death or disease wn Chua and what T could gne you
would onfy be the cases T have seen s hospital but excelient stabsy ¢s of the disease
2t found m Travancore and Cockin are given by Indan sriters to whom I 1 ovld
refer you

I have only once seen Elephantas s mammae and this not a well marhed case
Elephantiasts of the chitor s [ operated on once removing & tumour weightng aver
wne pounds  § shunk Elephontiasss of the arm s very rare I have seen 1t twce
only Flephantiasis of the check or a di case hhe clephantams I have seen and
operated on ohce

The opesaton I have destnbed for elephanbass I have no  practised »any
times witht anly three deaths and 1 can w th ame reason recommend ¢ Esmarck s
bandage I have tried but 3t 55 no use 1n rovstrctmg the pedicle at the final and
most dangerous steps of the operation But 1 use @t i elephantias s of the legs
whelt shen of great ste 1 frequently teduce with excefient re ults by diss cting
off superabundant folds of hypertroplied tissve n such 2 cass  thowt 2 bandage—
ar operation wluch « ould otherwise be d f cult bloody aod datgerous

Apologising for th s tong letter and 3156 1ng you every success n your work

Yours etc ete
Patrsck Manson
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XVI Extract from Mansons Diary Recording the First
Experiment on Filanal Metamorphoss in 1877

These data are historic as recording the birth of modern Tropical Med
1eme  and are mserted here with this object 1 view

Cutation from page 501 of Dary

Hin Lo brought me four mosquitoes which he had caught this morning 1 his
mosquito net and which were distended with his blood I examned them this
‘morning

No 1 Blood corpuscles not distinct Plenty of oif globules 1 the old digested
blood and several eylindrical bodies of a pale grey colour and distinct outlne
These were about the size and might have been embryo filaniae dead no movement.

No 2 Blood corpuscles also digested and two bodies one of which had a distnet
to and fro movement of the head half of body and the appearance of ciliary current
at mouth

No 3 and 4 Blood corpuscles distinct—in both hve actnve filaniae and m one
of them 10 spectmens—5 1n a single field Differed from those m the mans blood
in bewg perhaps more active Tal not well seen anterior head loop often very
distinct, oral movements very apparent. Perhaps an oesophagus developmng Double
outline and transverse striation on the integument most distinct

Citation froms page 503 of Diary
Observations on mosquitoes which had fed on Hin Los blood Blood expressed

from insects abdomen

1st day Morming after feeding Blood corpuscles hawing no outhoe but
distinct from one another Some filarsae have a very distinct double outhne with
head and tail foop distinct and marked transyerse stration

2 pm Mouth movements very distinct Striation most marked Movements active

1 most langmd 1n some—none in a very few

10 pm Movements very langmd Distinction of outhoe lost Mouth very
indistinct  Body spechled with granules of different sizes

ond day 7 am Many specimens dead most Jangurd One more active showed
oral movements with a distinct transverse stniation and mside the body of the
ammal a distinet to and fro movement of the dark and shining grandles as if m a
flnd contained 1n a tube

XVII Mansons Correspondents on Filariasis
A Trvorny Riciarps Lewis (1841-1886)

Timothy Lewis was a Welshman born i Carmarthenshire He was
educated at 2 prnate schoof in Narbeth a smmif tows DPembrokeshire
At first apprenticed to a local apothecary he came at the age of 19 to
London to the German Hospital at Dalston He finally quahfied at Aber

deen tn 1867
Already he achieved distinction as a student In 1868 he entered the

Army Medical Service After a brief period at the Army Medical School
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at Netley where he ranked first he was sent to India with hus great friend
D D Cunningham to investigate cholera having previously been tramed
1n bacteriology on the Continent by Pettenhofer and others Reachng Cal
cutta mn January 1869 Lewis and Cunningham became attached to the
Samtary Commussioner with the Government of India This team of two
studsed cholera and other Indian diseases for some twelve years and during
this time published a series of important papers

Lewss was marrted 1n 1879 and returned to England 1n 1833 Subse
quently unti] fus untimely death ;n 1886 he held the appointment of As
ststant Professor of Pathology at the Army Medical School Netley

Most of Lewiss ongmnal work was published 1 Appendices to the
Annual Reports of the Samtary Commussioner asth the Go-ernment of
Indic Some also appeared 1n contemporary 1ssues of the Quarterly Journal
of Microscopical Scrence His first paper concerns objects found in cholera
stools and contams the first authentic account of amebas from the human
testine (1870) In 1872 appeared tis famous paper on a haematozoon
inhabiting the human blood and 1ts relation to chylurta  which contans
the first account of Filarua sangusms homims The next contribution 1
1874 was a description of filanasis 1 dogs it discussed the relation of
filaral parasites to chyluria and Next with G he
wrote on Madura foot and other fungus diseases and then they described
orental sore as observed in Inda In 1878 he published a memoir on
mucroscopic orgamsms found 1n the blood of man and anmals and therr
relation to disease this memotr contained an account of the spirochetes of
relapsing fever and the first description of the trypanosome of the rat now
known as Trypanosoma lewrst Lewss place n troptcal medicine 1s secure
He was indeed a proneer and 1t 15 only just and fair that as Dobell sug
gested he should bear the title of the godfather of tropical medicine Manson
was first n the field but 1t was Lewis who first made the fundamental dis
covery 1n filarsasis Lewis was an indefatigable worker conscientious and
careful and always cautious and clear 1n interpretation

B Tronmas Srencer Coporp (1823-1886)

Cobbold was born at Ipswich on May 28 1828 and died on March 20
1886 at Maida Hull London

He was first apprenticed to Cross the Surgeon of Norwich then he
went to Edinburgh where he worked under Goodsir and Edward Forbes
taking his degree 1n 1851 He was then app Curator of the A
Museumn In 1858 he removed to London and lectured on botany zoology
and comparative anatomy at the Middlesex Hospital Medical School wher
he devoted himself mamnly to the study of helmnths From 1865 on he
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engaged i the practice of medicine 1 which he persisted for ten years
but heepmg 1n touch with scientific progress He Jectured also on \ etermary
helnunthology until a few months before his death

He was elected a fellow of the Royal Society m 1864 recognition of
his excellent ongmal work To worhers i the tropics Cobbald became
the high priest of helminthology so that men Ithe Bancroft Myers Baelz
and Manson referred their discoveries to lum for description and identifica
tion and 1t was Cobbold who conferred the tmprimatur by nammg them
after thetr discoverers

Cobbold 15 credited with the publication of some five hundred memotrs
and papers on a yreat variety of subjects of this immense material some
108 papers deal with helminthology and they survive as a2 monument to
his origmahty and industry His well known book Entozoa an Intro
duction to the Study of Helminthology with reference more particularly
to the Internal Parasites of Man appeared 1n 1864

The best appreciation of Cobbold s scientific work 1s that by Brumpt mn
1900 (Arch parasitol 3 163 176)

C RupoLes Levcart (1822-1898)

Leuchart was born on October 7 1822 at Helmstedt Brunswick and
died on February 6 1898 at Leipzig In 1847 he became Privat Docent
at Gottingen from 1850 to 1869 he was Professor at Giessen and from
1870 to 1898 he held the chair at Leipzig He became especially distin
gtushed for hus work on helminthology following m the wake of hus uncle
Professor F S Leuchart (1794-1843)

His first work on cestodes appeared 1 1848 He then wrote on the
Linguatulidae and subsequently on Trecksna spiralks which had been dis
covered by Sir James Paget when a student One of his Jast and most tm
portant discoverses was the part played by Lumnaea pereger as the mnter
mediary host of Fasciole hepatica

Most of Leuckarts origmal work 1s to be found m his  Menschliche
Parasiten  which appeared 11 1863 and was translated mto English

His Bibliography 1s gsven by Ray Lankester (1901) in Obituary Notices
of Fellows of the Royal Society

XVIII References on Filariasis
References to Manson s early papers on filariasis cited in this paper

Patrich Manson M D
(1872) Customs Gazette No ~an January March 1872 Ft VI Medial

Drs Muller
Report for the Half year ended 3lst March 1872 No 3 of the series
anc:’os\lznsons Report on the Health of Amoy pp 2233  On the Operative

Treatment of Elephantiasis scrott
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(1874) Jbd Medical Report for the Half year ended 30th September 1874
No 8 of the series No XXII Pt VI July September 1874 Drs Jones and
Manson s Report on the Health of Amoy for the half year ended 30th September
1874 pp 67 70 On Lymph Scrotum

{1876) Chma Imper;al Maritime Custom “Medical Peport for the Half year
ended September 1875 No 10 of the serie  Remarks on Lymph Scrotam Ele
phantiasis and Chyluria pp 114

(1877) 11 d No 13 of the senes Pt VI Custons Gazette XXXIIE January
March 1877 Report on Haematozoa pp 13 38

(1878) [t d 11 Speial Series No 2 1dth Issue Furtter Observations on
Flara sanguomss Tornms  pp 1726 with Plate Figs 1 16 showing development of
Ftlar o sang en 510 1ts 1n the mosquito

(1879) Ibrd 11 Special Series No 2 Medical Teports fo the Half year ended
30 Septemter 1879  Additional Notes o1 Floria sangsns hommms ani Flara
Di ease at Amoy pp 3151

(1880) Jird 11 Specral Seres No 2 Med cal Reports for the Half year ended
30th September 1880 Is ue 20  Additional Notes on Feda 1 sangums 7o tms
and Fila ra D sease Discovery of Adult F la ¢ ofts pp 1315

(1881) Itid 1L Specal Series No 2 Med cal Peport for the Half year ended
30th Septemb r 1881 On the Periodic ty of Tilaral Migratiens to and from the
Circulation (A letter to Dr Cobbold) ~ With chart pp 63 68

(1882) Iy II Special S ries Vo 2 Medical I eports fo the Half year nded
3lst March 1882 Issue 23 Notes on Filaria Disease Witt 3 charts pp 116
Reversal of Nocturnal Periodicaty

XIX On Distoma ringerr {Poragommus westermant)

Paragontmus westermany (herbert 1878 Braun 1899) syn Distoma
ringers (Cobbold 1880) This fluke was first discovered bv herbert 1n
1878 in the lungs of two Bengal tigers which had died n the Hamburg
and the Amsterdam Zoological gardens

On April 24 1880 Manson found large numbers of aperculated eggs m
the rusty blood flecked sputum of a Chinese patient (Tso Tong) who had
lived 11 Formosa (see below for detals) In the previous year he had m
hospital 1n Amoy a Portuguese suffering from aneurysm This man re
turned to Tamsw Formosa and died suddenly in June 1879 Dr B S
Riner who made a postmortem wrote to Manson that he had found a
parasite of some sort 1n making a section of the lung He thought that it
had escaped from a bronchus

When Manson discovered the ova in the sputum he recollected Ringer s
parasite and that the Portuguese patient had Iived 1 Formosa so he con
cluded that Tso Tong s lungs probably contained a similar parasite Ringer
then sent him the solitary specimen presenved in spints of wine \anson
placed some of the sediment from the bottle under the microscope and
found several ova of the same shape color and dimensions as those he
had found 1 Tso Tong s case The orgamsm was evidently a distome but
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not feeling quite sure 1f 1t was a new speaes he sent 1t to Spencer Cobbold
whe p d 1t a new t de and named it Disfoma ringen At
about this time (1880) Baelz had found trematode eggs m the sputum of
hemopty ssc patients 1 Japan and m 1883 he reconered the adult trematodes
from the lungs and named them Destoma pulmonale (see letter from
Baelz oted below) At first there was some confusion as Baels austook
the eggs for psorosperm cysts and held that they represented a stage s the
Ife history of gregarines  therefore he named the disease  Gregarsmasis
pulmonum  but Leuckart 1 Leipng to whom the speumens were sub
mtted recognized them as eggs of 2 distome
In 1892 Yamagana and other Japanese worhers found these mature
fluhes m atypieal foc1 m the body Fanally the isfe history of this Para
gommns which imvobed melannd snails and freshwater crustacea was
elucidated by Nakagawa (1917)* as well as by Muwam Yoshida Aundo
Yokogawa and hobayash
Transcript of letter from Professor £ Baelz Tokyo February 19 1881
to Patrsck Manson
First of all T have to apologize for not having wntten to you earker 1 always
waited for 2 good case of the Hoemopioe paraptica to send you a specumen. At
Iast ¥ have got a provusent ome and trust that you wall be able to compare the
eggs 1 the sputa with those which you found m the lung of a patent afiected wath
distoma
It 15 not at alt umprobable that you wiff find them sdentical I calied them
greganinz  becatse they are evactly tike what s deseribed as such but when I
now send my first notice about them to Furope I saw more clearly which seemed
to me to prove that the oval bodms must be the egps of some worm and o so
there could hardly be question of another than distoma I wrote this fo Tewchart,
and he oo 1s of the same opimon
Therefore I am much mterested 1n hearmng that the same disease occwrs i China
As soom as T have published the details of my investsigations I will fornard you 2
topy I have always foflowed with the preatest nterest, your publitations i the
Wartime Customs Reports especially those abost Filara I have found chrluna
with Japanese 7 tumes sn fve years which 1 as far as I know not known to
foregn physiciasis Tokio has about the same average temperature as the muddle
ot south of France and as the occurrence of the distase 3n Japan would show it 15
not lrmited $o the tropies  Mosqmitoes we have here of course so you will not be
surpri ed hearmg that chylersa might be met with i Tokio
I am dear Sir
Yours sinceraly
E. Baclz

On Apnl 24 1830 a Chinese—Tso Tong a peity mandarp—came to
consult him about an eruption on hus face and legs Manson noticed that

* Nakagawa K (1917)  Contmbuon to the Life Hustory of Pe egonums wes
termants Ching Med J 31 (1) €3 67
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lus voice was rough and loud and that he frequently hawked up and ex
pectorated small quantities of reddish sputum Subsequently Manson fre
quently referred to this episode as the Tale of a Spitoon (At that time
this vulgar utensil now a relic of the Victorian age was mn common use
Lady Manson was wont to relate how on her arrnval in Amoy in 1876
she found her drawing room floor covered with saw dust and accommodating
seventeen spitoons Guests who did not extubit due skill 1n operating these
utensils were not anvited a second time )

At this time Manson was still iterested 1n filariasis and had arrived at
the behef that after their arrest m the lungs dunnag the daytime it was
reasonable to suppose that they might appear in the sputum

The patient Tso Tong tried to spit mnto a spitoon but missed Manson
was about to rebuke lim but when he realized that the sputum was mingled
with blood his anger and disgust evaporated So he asked lim to spit
agan and transferring a small portion to his mucroscope he beheld the
eggs of a hitherto unknown worm The eggs were oval m form one end
of the oval being cut off and shut 1n by an operculum They were granular
on the surface blood stained and measured on an average 1/300 x 1/500
mch When the covering glass was pressed the egg ruptured and the
granular contents escaped The shell was then seen to be browmish red in
color Manson ashed Tso Tong to return 2 days later and made him spit
nto some jars containing water he found the sputum as full of eggs as on
the first occasion From July 14 to July 31 1880 tlus man was engaged
by Manson as his house coolie so that he was assured of an abundant
supply of sputum for experimental purposes Later he found another pa
tent—Heng

The story continues as Manson used to relate 1t and tell how he came
to discern the future destiny of the distome ova The jars contammng the
sputum were put away 1n his laboratory or muck room as he called 1t
and the sediment was at first exanuned daily He found that the eggs
hatched and gave birth to miracidia only when carefully washed free of
mucus and blood and hept as long as 7 weeks

It was lucky for Manson that for at least four of these weeks he forgot
alt about hus expersments At first the eggs refused to hatch although he
could plainly discern the enclosed embryo At this point he ceased hus ob-
servations till hus attention was drawn some 14 days later by his wife to a
curious and most disagreeable odor emanating from his laboratory  the
odor was found to proceed from the jars in which the mandarins sputum
was decomposing and growing fungi of afl descriptions Manson resisted
the pleadings of his wife to throw the nauseous mess anay but character
stically produced a pipette and suching up some sediment was soon able
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to demonstrate the nuracdia escaping by way of the opercula from the ova
These vartous stages were depicted 1n the paper he wrote on ths subject
w1 the Mantime Customs Report (1881 China Customs Reports M\ p 10

1882 \AII p 55)

It has become quite obvious that the hand of fate was the giding prin
aple m this affair And 1t demonstrated the fact—now generally known—
to wit that the eggs of P, do not hatch hately upon conung
it contact with water but have to mature for 5 or 6 weeks before dong
so But there was also » hutherto unrecorded sequel to this story that
shows the directon m which Manson s mund was workang He had ob
served the apparenthy purposeful gyrations of the escaping muracida
swimnung around m the water as if searching for some object

This must have suggested to fus mind the posstbility of an mtermediary
host in the shape of some species of freshwater motiush How else esplam
the accompanying letter foxund 1 Mansen s Drary which 1s quoted below
The full sigmficance of this episode can be apprecsated when if 15 remem
bered that Leuchart published the hie lustory of Fasciols hiepatica 1a the
snar} Lumnaca pereger n 1882 wiuch was confirmed by A P W Thomas
{1883) m the followang year *

The inferences that Manson drew from this experience are recorded as
follows (1) In the stagnant stinking water from winch the mucus had
not been removed from the ova they rot and decompose (2) Dunpg the
zold weather {under 70 F) development 1s suspended (3) The snter
medsary host of Distoma ringers 1s not active 1 cold weather

In Mansons opmion the mtermediaty hest was hmuted to a com
paratnely small group of amumals It must be an whabitant of fresh nater
common to Japau and Formosa (where endesuc haemoptysis 15 en
demic) It did not mbabit or was rare on the mamland of Chna or at
feast that part mear Amoy Thus latter crcumstance had precluded him
from pursung Ins mnestigations any further but he suggested that it
should be taken up at this pomnt by others residing 1 Tormosa or Japan
who bemg in the midst of the disease would enjoy ample opportunities

Hungerford s letter from Hong Rong
Hong hong 21\ 81

My dear Maason

Y our discovertes about the lang Buke are decisively iteresting and anv help T can
give you i the matter 1 very much at your sesvice

« Leuckart R Zur Entuackelungsgeschuchte des Leberegels  dArch Nats ge
schiel te pp B0 119 (1832)

Thomas A P W The Life History of the Liver Finke (Fotwols hepatca)
Quart ] Macrostop Sov 23 99 113 (1883)
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I know of one fresh water species which I thunk answers all your requrements
and of 16 shells of which I am sending you from my collection by this mail

Let me know if you would like to have a few specimens 1 spirst and I wall write
to  friend at Nagasakt to send them dov n_The shell 1 speak of 15 Melama hberfina
(Gould) T found 1t at Tcon Ik above Quatatici and in all the streams between
Jamsin and Tikchann Also 1t occurs 1 Japan at Nagasak: Hahom Manoshita and
Nikko—places very widely apart so that its d strabut on 1s very extensive I have
found none of this species n China however though other shells of the same genus
are abundant there Palud 1a chinens s (Gray) 1s another shell T found 1 Formosa
and not, I think 1n Amay Still 1t 1s probably there as 1t 15 abundant about Canton
and Macao and 15 largely eaten by the Chinese

I found a very closely allied species 1 the padly field at Kulangsu much
nearer to 1t than any of the Chinese melana whch I have seen are to M libert a

Ltmnaca pheatula (Benson) 1s abundant both 1n Amoy and Formosa so tt may
be put out of reckoming and the small Steiqt yra which we had und r your mi ra
scope seems to be identical with the specie  glabrata (A Adams) I found at
Amoy and Swatow and whch reaches as far as Singapore On the whole I think
M bhbertina must be your friend he 1s a hardy beast and will reach you from
Tamsui alive You m ght send to Swatow also and see if 1t reaches so far south
If 5o and that the fiuhe s not common the e t will tell agamst the theory It will
be someth ng 1 favour of my hobby 1f 1t Felps to clear up a doubtful pomt 1n the
natural h story of flukes

Yours very truly
R Hungerford

It was at this pomt that Manson began to speculate upon the possible
mode of transmssion by freshwater snails and there are records m hrs
Duary 1n which he discusses the possibality of contracting the infection by
eating these mollusks

In the case of hau 2 Chinese preacher from Tamsw Formosa who
had been connected with the Reverend I' L. Mackay for mne years whom
he examined for cough and hcmnpt\ sts and in whom he recorded physical
signs 1n the nght lung d as Manson
that earlier 1n the year {1583) hau had eaten mollusks but always
cooked and 1t was after this that his cough began The snails came from
a freshwater mver and Rau volunteered the mformation that one of hiy
neighbors had done the same after which he began to spit blood profusely
This note 15 dated November 23 1833

‘The second case was a cook Hat 26 years old hailing also from Tamsu
He began to show symptoms at 16 years beng afficted with a cough and
the production of much mucus From that time till the date of examination
(December 1 1883) he had had frequent hemoptyses He had often drunk
Rater fromt @ well and had abo eaten snatls— 1o fefitn lee Formerly tis
mollush was much caten m Tamswi but a certam man said that they eat
dead man s flesh so now they are never enten  Hai volunteered that he
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knew of more than ten people 1n Tamsi who hike himself spat blood

On January 23 1884 Manson examined sputa which had been 1
cubating in water that had been changed four or five times since November
30 1883 No advance m development was seen 1 the numerous ova dis
covered

On March 23 1884 he exammed all the bottles Three stank abom
mably and m none of these did the eggs appear to be alive but n the
two that did not stink the water was clear and at the bottom there was a

thin caked layer contaming many ova In one 75% were empty with
the lids off 1n the other the ova had not undergone any change The
water 1n all the bottles was then changed On May 5 1884 Manson went
over the six bottles The ova in the stinking water had undergone no
advance i development although some of them contained yolk spheres
with much granular activity The others all contained ova m which the
embryo (miracidtum) had escaped or were well advanced in development
The last note on May 26 18384 records that most embryos had escaped
and the shells were empty

The first case record of endemic hemoptysis was on Apnl 24 1880

Haemoptysss O o of Ento ca v Sputum

Tso-Tong m 35 native of Foochow resident m Amoy about one year this tume
Secretary to the salt office

Born tn Foochow aity and Lived there tll he was 21 years old when he went to
Formosa where he resided for 4 years

A year after hus arrival in Tecktcham Formosa when he was 22 years old he first
spat blood every day half an ounce to cne ounce and this continued for 19 days
Very Iittle cough though he was emacrated slightly Haemoptysts returned 6 months
afterwards smaller in quantity and like the former pure blood unmixed with mucus
Since then he has spat blood for a few days at a time every two or three months
without much cough Once for two years he had no blood spithng In good general
health though not very stout. Is thin nmaturally Has never had ague or fever
never typhoud or other serious disease

Came to consult me about eczematous eruption he has on both cheehs and chin
also on both legs I observed as he was speaking to me that he hawked up a small
quantity of reddish sputum and that his voice was rather rough and Joud I ex
amined the sputa which m part was made up of pellets of rusty pneumona like
sputa specks of clear red blood and ordinary tenactous mucus Under the mucro-
scope besides ordinary blood and mucous corpuscles were many oval ova—dark
red blood stamned measuring 1/330 X 1/100 mnch granular on the surface having a
1 on fiattened open end at one long diameter Crushing these canses the shell to
crack and granular and oily matter to escape Contents are very ndistinetly
marked but one distnctly differentiated embryo 1s wisible The ova are very
numerous sometines as many as three or four m one field at a tme Ova delicate
double outhae Shell pale brownish red Although there 1s no auscultatory or
other sign of phttusis 1 cannot but think the parent of the ova and the haemoptysis
are associated as cause and effect
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\ote This case1s quoted in  The Tilania sanguims hommnts by Manson
(1883) pages 136-137

Refurences on Distoma ringers
(1880) China Imper:al Mantime Customs II Special Series No 2 Medical
Peports for the Half year ended 30th September 1880 Issue XX  Distoma ringert
With 2 Plates pp 10 12,
(1881) Ibd 1I Special Series No 2 Medical Reports for the Half year ended
30th September 1881 TIssue XXII  Disto na ringers and Parasitical Haemoptysis
With 2 Plates pp 55 67

XX Mansons Work in China on Other Helminthic Parasites
A Ligula (Sparganum) mansom

On September 2 1881 Manson recorded the discovery m s diary

The case 1s headed  Lymipho Elcphantord—Profuse discharge of Lymph
Great debihity Filariae an Iymph and blood

Operation—death  Post mortem examunation dysentery uleration
Tchkai Male 34 Cotton carder

Tilness began at age 26 with inflammation and abscess of scrotum Six
years previomsly discharge of lymph had commenced Then followed a
serses of ague attacks with cough and anorexia The scrotum itself was
larger than a man s head and the pems was buried 1n 1t The femoral glands
were large and varicose The greater part of the mass looked hhe ele
phantiasts but on the left side there was a patch of large and tense vesicles
from which the lymrh was constantly escaping spouting 1n a fine stream
and 1t was recorded that several pounds wemht escaped loohing lthe
milk and contamng filariae Filariae were also found m the blood On
September 3 the tumor werghing over 3 pounds was removed

The patient died on September 21 from dysenteric diarrhea The vomt
mg and difficulty 1 swallowing su.gested a stricture of the esophagus
Manson related 1n s Diary that with the aid of a trustv porter he dis
mterred the body i the dead of might aided by a flichering candle At
postmortem the whole of the large itestine from the tleoczecal valve to
the anus was found to be covered with ukerattons A number of parasites
(about twelve) were found 1n the subperttoneal areolar tissue 1 the thac
fossae and belind the ladney a simular parasite was found 1n the pleural
cauity Some were coiled up m a hnob others lay extended about 12 inche
fong by 3/16 inch broad moving langwdly like tapeworms Two hundred
were m the stomach and a dozen 1n the fleum

The chest was normal except that m the esophagus where the left
bronchus passes 1n front of st there was ragged ulceration and thickemng
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The esophagus was firmly attached to the bronchus and at the site of
ulceration was so narrowed that the little finger would not traverse the
stricture

The {ymphatic glands of the grom over the saphenous openmg were
appreciably enlarged firm but not hard giving the 1dea that the outer part
of the gland had been distended but had now collapsed The lumbar glands
were enlarged In blood from the lungs and spleen there were few filarae
but cons:derable numbers were found m lymph from the left grom

The parasites were long tapelike ammals about 12-14 inches Iong by
34 inch broad and 1/64 inch thick They were dead white and moved dis
tinctly when taken out of the body Some were lymg stretched out others
were massed m an wrregular coil The two extremities were rounded off
and rather thicker than the rest of the body A hurried glance with the
microscope showed one extrenity to be lipped At first placed in a2 mixture
of serum and unne they were later dipped 1n spinits On examination the
whole body seemed to be stuffed with clear round ova many of which had
double or treble outhnes with an appearance of a nucleus All apparently
were lodged 1n a sort of loose fibrous matrix which sphit up longitudinally
or ruptured transversely The integument was very thin One extremuty
appeared to have 2 sht 1n 1t the other was hpped but the orgamisms be
came so soft that any internal structure they mught possess could not be
distingwished

The life history of this parasite has now been worked out As Manson
suggested his Ligula 1s the larval form (or plerocercord) of a cestode
worm of which the adult stage s Diphyllobothrsum mansons (Cobbold
1882

It )1s now found m Japan Chmna East Africa Australta and British
Guiana The adult form 1s found in the dog wolf fox cat leopard and
tiger Its pleracercord form occurs m man frogs and snahes The adult
stage occurs 1n the dog and other ammals and the plerocercord under
natural conditions 1s found 1 a frog (Rana mgromaculata) or a snake
(Elaphe climacophora) The procercoid stage develops in Cyelops leuckartt

B Oxysprrura manson

Ouxysprrura mansons (Cobbold 1879) Ransom 1904 syn Filarse suan
som Cobbold 1879

Ouxyspirura parvorum Sweet 1910 according to Bayhs 193+ Yeh 1957

On Apnil 10 1878 Cobbold received from Manson a letter from Amov

his recent acq! with a filaria nfesting the eye of

the domestic fowl 1n Amoy Manson had removed one successfuly from a

bird 1n his neighbor s hen run On May 9 1878 Cobbold recety ed a pack
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age from Amoy contaimng the head of one such bird which showed ex
amples of the new worm 1n the eye The male was $§ inch and the female
34 inch 1n length

Cobbold at that time proposed to call the new species Filaria mansont

Ongmal references

Cobbold T S (1879)  Parastes A Treatise on the Entozoa of Man and
Amymals Including Some Accounts of the Ectozoa 508 pp 85 figs London.
{Pp 440-441 deal with F larsg mansom 1n Gallus gallus Amoy )

Cobbold T S (1880) Prefatory note to Further observations on mucrof lanae
with a description of a new species by P Manson J Quekett Microscop Club
(44) 6 130 132

Mfanson, P (1880) Further on with d of new
species  Commumcated (with a prefatory note) by the President (Thomas
Spencer Cobbold June 25) Ibd Pls 8 10 (Note by the President pp 139 140)

General descrsption A general description and hustory of the worm was
published 1 Bird Parasites of the Nematode suborders Stongylata

A candata and Spirurata by E B Cram [Swuthsoman Inst U S Netl

Musewm Bull (1927) 140 465 pp (pp 352 328 deal with Oxysprrura

mansont) |

Cram also reviewed genus Oxysprrura 1 1937 (A review of the genus

Oxysprrire with a morphological study of O petrows Skrjabin 1929

recently discovered in galliform birds of northern U S Skrjabin Commen

1ol pp 512541)

C  Filara papillosa

Filarwa papillosa Rudolphy 1802 syn Setara equina (Abildgaard 1789)
Railliet and Henry 1911

Filaria papitlosa or Setaria equing a common parasite of equines lives
maly 1n the peritoneal cavity but occasionally juvemle worms may be
found 1n the eyes It 15 almost worldwide 1n distribution but 1ts hfe cycle
1s unhnown  probably it 1s conveyed by a mosquite

T W Thwaite reviewed the genus Setaria 1 1927 (The genus Setara
dnn Trop Med and Poresitol 21 427-466)

Manson writing to Coblold [published in 1879 (Linnean Soc Zool 14
(75) 304 311) smd

Some time ago I operated o1 an Australan horse for this worm and had the
satisfact on of find ng the parasite mot very much mnjured after removal 1t was an
unpregnated fermale possessing all the features of the Filarrae

Its head was armed with a five or si< toothed saw the teeth ar anged Lke
some old fashio ed trephne 0 a arcle round the mouth. 1 removed a worm from
the same eye of the same horse three or four wechs previously

I have wnferred from the perfect boring apparatus and from the fmale ber g
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unpregnated that the eye 15 not the breeding or resting place of the Filaria found 1
1t but that 1t 15 sometimes acadently entered by the worm on uts travels m search
of a sutable spot From the fact that one worm succeeds another I mfer that the
sexes are brought together 1n this way when a waiting worm comes across the track
of another 1t follows 1t up Thus several may be found together at the end of
the burrow

T cannot say 1f the three or four papllac round one extremuty constitute the
perfect boring apparatus of the worm or if it 15 a boring apparatus at all but
comparing it with what 1s found m other species of the same genus I think 1t 18
very probable that it 15 tither 1 or will become the prercing apparatus

[See also Cobbolds (1879) A Treatise on the Entozoa of Man and
Ammals (p 383) hsted m Sectton XX B}

D Tricluna spralis

On account of the number of pigs 1 Amoy and from the fact that pork
constituted one of the mam dishes of the local Chimese Manson became
suspretous that many of the severe cases of illness he saw might not be due
to this mfection Accordingly from April 1 to May 8 1881 he examined
219 specimens of home grown pork for trrichinae and found only twoe m
fected—one on each of two occasions

The first trichina was found 1n a sertes of seven specimens of pork A
dog (or puppy) a few weeks old was fed about a square inch of this meat
It became very mangy and lazy and thin belled When 1t was Lilled on
June 6 1881 1ts muscles were found to be full of trichinae some encysted
and others still free and acttve

XXI Conclusions

It may be that this paper may be regarded as 2 highly colored eulogy of
Patrich Manson but 1t has not sufficed n this critical amalysis to over
emphasize the occasions when he was right—it has always been my aim to
point out where he was subsequently proved to be wrong This 1s quite
natural because to be proved right n every detail 1n a work of this mag
nitude one must be almost superhuman

The tash to which T have set my hand 15 at ats close and 1t 1s hoped that
this account of Manson s pioneer work 1n China may prove to be of some
hstoric value as demonstrating perhaps more clearly than heretofore how
this man of gemus urged by the cold Iogic of his observations was enabled
first to postulate and later to prove that his fifaria underwent a meta
morphosis 1n the body of a particular mosquito 1 order to perpetuate its
species

By so domg he was the first to prove beyond cavl the mechamsm of
imsect borne disease Thus he had demonstrated a great and new principle
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winch since has stood out as a landmark of medical science—one which has
led to the transformation of the Tropwcs thereby conferring one of the
greatest benefits on mankind The boon that tt has been to the world at
large ds the The revolution 1n medical thought that 1t
brought about can fairly be compared to the impact on the physical sciences
by the discovery of atomic energy and may have been largely responsible
{or the recently computed addition of forty milhon tnhabitants of the world
in one year
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Never while memory lasts can one obliterate the mental
preture of those pitiful htle bundles of marasmc apathetic hu
mamty lying m the arms of gaunt women their faint fretful
wails ring still un ones ears to-day summoning up wissons of
wasted stick like limbs of distended abdomens of dry inelastic
scurfy scaly skins of hair scanty bruttle and dry and of sight
Tess desiceated eyes

R. H Euutor (19°0)
I Introduction

Between the mcidence 1n many parts of the world of xerophthalma
and the number of physicians an inverse relation often exists The ulti
mate cause of Xerophthalmia 1s so clear the clinical picture so typical
and the prevention so easy that there would be no excuse nowadays for
a large scale occurrence of the condition m adequately staffed well-off
temperate regions The appearance of an endemic as occurred in Denmark
forty years ago would be mconcervable today except under very abnormal
conditions

Less assuring 1s the smxatxon mn some regrons of the Tropics even
where a lush an d of carotene There this
dreadful affection 1s sometimes 2 widespread scourge with an ommous
predilection for small children It 1s rarely a man made disease such as
bertbert which ultimately may be ascribed to a taste for refinement or
to the dawn of the industral age The prevalence of xerophthalma has
been diminished by mncreasing understanding of the need for speafic
nutrients but—where tt 1s most urgent—far less so than in benber: In
this epoch the affectton as a health problem seems to favor the Tropics
Not 1n the sense that either chmate or temperature mfluence 1t but
that 1t 1s closely hinked wath low economic status To an ideology that
ams at the improvement of health for every human being xerophthalma
1s still a problem of mmportance But even 1if there are aspects requnng
further elucidation there should not be deficient knowledge or abihity om
the part of the physician Excellent reviews have appeared on the subject
by Pillat 1n 1939 and by Biett 1n 1940 Yet neither seems to have drawn
the attention wlhich the subject deserves Since then new developments
have taken place one of the most important bemg the increasing interest

1 infantile malnutrition
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In this review the emphasis will be on endermc <erophthalma Bla
menthal (1920} called k vitts a 1
disease n South Africa very much the same could be said of xerophthal
mia as regards southeast Asia

For a proper understanding 1t should be mentioned that the author s
personal viewponts are based on a long and intimate experience with the
condition 1n Indonesta

I The Idea
EarvLy HISTORY OF XEROPHTHALMIA

With few exceptions most of the papers on erophthalmia in the
nineteenth century represent climcal casmistry  Von Graefe (1866) m
Berlin often saw three or four cases per month Institutions for children
as a source of origin repeatedly appear in the reports since Bitot (1863)
deseribed his  spots 1n twenty mne debilitated French orphans The first
mention from the Tropics was that of Gama Lobo (1865) from closed
communities of Negro slaves on Brazhian coffee plantations But 1t took
some time before another tropical country—Indonesia——came into the
picture (Ouwehand 1900)

In many cases xerophthalmia was d with other aff As
early as 1n 1843 a paper by Tischer (1843) describes 1t 1n the wake of
measles Teuscher (1867) de Gouvea (1883) Weeks (1887) drew atten
tion to the frequent combination with intestnal disturbances Of course
often the etiology interested the various anthors The superficial affection
had to be differentiated from interstitial or parenchymatous herattis by
other causes A relationship to poor general health has been apparent from
the first studies It has been related to vague cerebral syndromes called
mfantile encephalitts (von Gracfe 1866 Hirschb rg 1868 Jacusiel 1875)
which afternard appeared to be wcorrect In the penod of triumphs of
bacteriology a microbal agent has often been discussed (xerosis bacills by
Franke 18% Gallenga 1833 Schreiber 1883 a capsulated bacillus by
Loeb 1891 molds by Leber 1883) However though admittedly the
<erosts bacillus plays a role 1t was soon reduced to a secondary phenome
non (Biettt 1903) Qute different were the aspects relating \erophthal
mia to liver disease by the comung of the term ophthatnua hepatica by
Baas (1894) In lis case two different conditions of the eye the super
fictal affection and an alteration of the retina were connected with Iner
disease though by different pathways (Purtscher 1900) Though Jner
disease often was related to xerophthalmia afternard Baass term soon
became controversial and obsalete A similar secondary relation probablv
exsted 1n cases connected with abuse of opium (Paster 1886) or of
alcohol (Bernbard 1902 Kreker 1930)
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In the older reports infants represent a large proportion They often
suffered from a social or congenital vulnerability such as neglect especially
as to nutrition or debility in prematures twins etc Some authors
considered the affection as specific for infants (Weeks 1887 Braun
schweig 1890 Krausse 1899)

Durmng the nmeteenth century a defimte connection between diet and
werophthalmia had haltngly been established and the eprdermological
character was not cleatly recognized

Dujardin (1895) 1n France and Basso (1897) in Italy were probably
the first to draw attention to the latter aspect and botk the dietary causa
tion and the periodical accumulation of cases were stressed in the extensive
reports of Mozt (1904) from Japan

Later these pecularities of <erophthalmua recerved much attention In
spring the number of cases was reported to increase in Germany (von
Hippel 1913 Grossmann 1913) and in Russia this mcrease was ex
plamed by the Lenten fast (Hamburger 1923) Mor had already stressed
the shortage of fat in the drets of his patients and it was observed by
Czerny and Keller (1906) and Roenne (1916) that the condition appeared

I {y with the d ascribed to a predominance of carbo
hydrate tn the diets of infants (M ehinahrschaden)

The mcreasing mnterest and hnowledge and the evident frequency of
the affection are reflected for instance by the seventy papers which Bietti
(1940) encountered in many European and in one Japanese medical
journal between 1875 and 1900

It may be of interest to note that thus nearly all chncal charactersstics
of xerophthalmia were understood before the causation by the fat soluble
factor was rtealized The affection of growth and general health the
promoting effects of disease and debility the predilection for young
children the epidemtological character in the absence of a contagious
agent the deficiency of fat the curattve properties of cod liver oil and the
preponderance of carbohydrates i the diets and the simultaneous presence
of hemeralopia constituted 1ndeed a syndrome sts generss Some of these
facts have sometimes been obscured in Iater decades by the emphasis on
4 single dietary factor and the single affection of certain tissues of the eye

The further developmesnt of our knowledge need hardly be emphastzed
especially regardmng the causative connectiont with vitamin A and carotene
or the lnkage of xerophthalmia to hemeralopa These facts are well
Lnown and well publicized for instance m the recent monograph on
vitamun A by Moore (1957) This however does not mean that adequate
attention has since been paid to the easily preventable and emmently
ctirable disease stself Apart from the domumating position of the vitamin
1 the etiology there are other almentary factors mvohed Because of
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their practical mportance they will be reviewed later on together with
the interference by infectious disease

III The Name
A Erorocicar TERuS

As regards nomenclature not only terms to designate mosological or
pathological entities demand attention we cannot avoid pondenng etwlog
1cal terms as well Xerophthalmia as described here 1s probably always a

of or | A Ths refers to the
mpovenished tissues not to the alxmemary mtake The vartety in which
the oral intake 1s reasonable but where metabolic causes (liver and
pancreas disease etc ) prevent a normal utlization has nghtly been
called dysvitamunosis (Collevati 1931) This term may roughly indicate
the problem 1n situations where the almentary intake of preformed vitamin
(axerophtol) 1s adequate But two thirds of mankind after the breast
feeding period has to rely on vegetable carotene instead and the resorption
and conversion of this substance may be defective In such a case the
term apraxia for the provitamin 1s appropriate (Tissen 1940 Oomen
1958) Carotene 1s not a vitamin extended though the term sounds now
adays and the units of potential actinity are correct only insofar as a
quantity of fuel 1s an tndication for mlage For practical purposes hypo
vitaminosis A 1s an apt enough term provided that the conditron 1s not
considered only from the angle of an alimentary deficiency

B OpntrALMOLOGICAL TERMS

The of symptoms of m Section IV indicates
that there are differences and shades 1n the mamfestations of the syndrome
There 1s little sense m denying the essential sumlarities n the eye
symptoms in man and 1n some experimental ammals But we should be
well aware that even mnor deviations m anatomy and physwology may
ultimately have profound effects on symptoms and therefore on termi
nology Of such several may be enumerated In no mammal 1s such a
large area of the bulbar conjunctiva exposed as 1 man Rodent eyes are
round and bulbous with lids closely fitting around the cornea Rodents
have Hardenan glands whereas man has not The Metboruan and the
lachrvmal glands 1n man are large The metabolism of carotene and the
telatine hiver reserves of vitamin A show distinctive differences even in
closely related spectes The edema of the eyelids the abundance and the
nature of the abnormal secretion and the degree of inflammation 1n ex
permental animals are not congruent with the affection 1n man

1f 1t 15 relevant even to consider differences i age sex and even race
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(McLaren 1956) 1n the phenomenology of the disease we should be Nery
careful with the impl of terms nd ly used for man and for
anunals A case m question is that for the condition experimentally caused
in rats McCollum and Simmonds (1917) used the term  xerophthalmia
Osborne and Mendel (1921) ophthalmia  and Goldschmidt (1915) and
Stephenson and Clark (1920) heratomahaa

In fact as regards terms not much progress seems to have been made
since Hoor (1900) before the discovery of the vitammn discussed the
nomenclature  He pomnted out the essential difference between external
and nternal causes of xerosis and 1t 15 stll worth realizing that both
overlap now and then He mentoned a xerotic heratsus related to a
paralytic keratitis or a keratitis e lagophthalmo in semicomatose children
with eyes half open and suffering from acute diarrheal diseases On the
other hand he msisted that a fatal diarrhea sometimes accurred
children with keratomalacia which developed inside closed eyes A child
with true & 1 1s often cach and a cact chiid
develops a xerotic condition of the cornea though this need not be the
variety which tnterests us here

There 15 or has been cantroversy about the sigmficance of the terms
xerophthalmia xerosis corneae and Leratomalacia Hoor (1906) and
Pillat (1939) contend that there 13 no use for the term xerophthalma or
xerophthalmus Owen and Hennessey (1932) advocate u term covering
the diverse specific alterations yet not committed too narrowly to any
single one

In references to this disease <erophthalmia 1s frequently used as a

term synonymous with heratomalacia Tt would seem reasonable to draw
some measure of distinction between the two terms for werophthalmia
or dryness of the eye may be confined to the conjunctna onfy while
Leratomalacta implies corneal change The use of the term Leratomalacia
1s strictly speaking only admissible when signs of corneal necrosis are
apparent though still admusstble when the earltest and munutest evidences
of such necrosis are visible \erophthalmia 1s therefore the wider expres
ston and we Propo e to use 1t to include any of the external ocular mam
festations of vitamm A Ithough the term her 1 will
be used when 1t 1s desired to stress the corneal necross Sumifarly the
expression xerosis conjunctivae will be used when 1t 15 necessary to empha
size that the process 1s confined to the conjunctina

There 15 a serous practical objection to foregoing xerophthalnua fight
heartedly 1t 15 already too well established Though by no means denying
that 1t belongs to the specific alterations of the eye caused by hypovitamm
osis A we prefer to retan the term xerophthalung es ndiatine of the

chmical syndrome as a whole
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It seems superfluous to discuss the term  Xerosis conjunctivae  es
peaally if 1t 15 mentally y! d with helial and ntually
bulbarts  But there are apparent difficulties in handling the terms
xerosis corneae (epitheliahs) and ! Il
verosis 15 of course not a malacia  and vice versa But 1f defects of
the cornea occur owng to local necrosis—sometimes called ulcers  and
soon showing a small prolapse of the s following a perforation—should
the cond then be d as d ping from xerosts to malacia®
It 15 clear that many authors failed to pose this question and that a serious
loss of corneal surface alwavs meant heratomalacia as m the case of
the quoted authors Van Manen (1938) nsists on calling keratomalacia
the stage of corneal affection m xerophthalmia There 1s no reason at all
to use the adjunct kerato 1f the cornea 1s not (yet) affected Because
of the var1 ty m corneal related to 1t 15 pleaded
here that keratomalacia should be reserved for the miost destrucize stage

Authors Iike Ruete (1845) spealung of emollities corneae and von
Graefe (1866) of Verschwarung were concerned with the sudden
destruction of the whole of the cornea descnibed by Rirhpatrick (1922)
The tissues of the cornea melt away like thawing snow the entire struc
ture yields en masse to the intraoculir pressure the Jens 1s extruded while
phtists bulbs 15 the final result

Reviewing the many terms that are or have bren used to designate the
affection (Table I) it 1s mteresting to note that apparently controversal
names indrcate stages of the—basmically—same condiion A <erosis
corneae cannot be reconciled with an emollittes corneae  (Ruete 1845)
or with an  acute ulcerative softening (Rosmins 1872) or a hquefac
tion  (huthe 1898) not to speak of a2 malacia

Though entirely open to the arfument that there may be racial dif
ferences and that the picture differs according to the age of the observed
patients we propose to refer m the clinical description to a softening of
the whole cornea as whle d hing 1t from Jocalized
partial possibly multiple epithelial defects so often present 1n the wake of
Atriie \erosis corneae

C  Generar TerMs

Another feature dermned from the constderation of older and newer
terms should be noted The nomenclature of the disease often contams
elements that indicate an affection of a general nature (cachexia dystro
phua) or of a very different organ {ophthalmma hepatica) or that refer to
a nutnient which 15 not vitammn A (hpaporia dsstrophia alipogenetica)
This we have to remember when discussing the broader consequences of
hvpo A or the patt of
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In passing 1t may be remarhed that most of the terms mentioned were
often pronounced in the same breath with hemeralopa Howeser the
close connection between these two very different condinons will not be
drscussed here extenstvelv

TABLE I
Sone Terys Usep 10 CHARACTERIZE THE SY\DRONE OB THE
STAGES OF \ERGPHTHALMIA

Author Year Term

Mackenzie 1830 Conjunctinitis anda

von Ammon 1830 Yerosis conjunctivae

Ruete 1845 Emolht s corneae

Butot 1863 Bitots syndrome

Gama Lobo 186> Ophthalmsa bresiligna

Hirschberg 1868 Ulceration of the cornea

Rosmnt 1872 Acute ulcerative softening of the cornea.

Kuschbert and Newsser 1883 Xerosts epitheliali, conjunctivae

Leber 1883 Infantde ulceraton of the corttea

de Gouvea 1883 erophthalmua cacheet ca

Borthen 1886 Ophthalmomalacia

Schoeler 1887 Nerotic corneal disease

Biber 1890 Keratomatacia sfantum

Baas 1893 Ophthalmia hepatica

Kuthe 1898 Liquefaction of the cornea

Nesnamow 1500 Nonulcerative progressive turbidity of the
cornea

Morn 1904 hikan  xerosis comjunctivae et corneae
Jantum hpaporsa

Uhthofi 1504 Reratitis xerotica

Hoor 1506 Xerosis conjunctivae et corneae epithelahs
keratomafacia

Attias 1911 keratitis exfolatina

Bloch 1919 Djstropha alspogenetica

Rass 1921 Nutnitional keratomalacra

Bondy 1922 ergsis hemeralomica

Blegvad 1924 Dystrophia xerophthalmica

Narog 1928 Nerosis epithehialis simplex  xesosts diffusa
degenerativa

Puilat 1939 Nerosts epitheltalis congunctivae et comﬂe)
L facia ( L

@ Terms mdicating more than an eye affection i sahes

Though the clmcal prcture of <erophthalmia as a whole 1> typreal
enough there are small differences between children and adults and
between the white and pigmented races As the young child 1s probably
most frequently the sufferer we prefer for a standard description the con
dition as observed 1n the cafe au lait-colored Indonesian toddler
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IV The Eye

It 15 difficult to describe xerophthalmia in man in concise terms It has
been attempted in numerous textbooks but except 1n the more speciahized
treatises a realistic picture 1s rarely evohed

Wright (1929) characterized the disorder as follows  The lachrymal
glands cease to produce tears the outer layers of the cornea undergo
necrosts inflammatory processes occur 1n the conjunctia and may mvolve
the anterior and posterior chambers of the eye leading to complete
blindness

Moore (1957) stll referring to Blochs cases dehneated st as
Xerosts or drying of the conjunctivae was the first visible stage Later
this xerosis extended over the cornea which first shrivelled up and then
developed regions of necrosis with uleration and often perforation The
stage hnown as keratomalacia had then been reached

Neither 1s a recent formulation of Banerp (1958) uffictently to the
pomt  The earhest noticeable change 1s decreased lachrymation The

15 a dry Vs d by itching and burmng

and redness of the Follicylar ¢ vis and granular lds
have been reported as a result of the deficiency and this stage has been
called prexerosis Another eatly change 1s cormfiation of the epitheltum
of the cornea and scleras On the scleras a piling up of epithelium forms
localised spots areas of thickening with decreased tran lucence

1f uncomplicated no stage of xerophthalmia 15 2n mflammation Red
ness and burning sensations are not typical mantfestations Prexerosis 15
a functional lesion occurring before wisible changes of the tissues are
apparent The sclera 1s affected only 1n extreme cases of malacra  Though
the conjunctiva 1s thickened there 1s no que tion of a  piling up  of cells

If we must delinente the affection 1n a few lines we would prefer the
following definthion

Nerophthalmma 1s a dyskeratosss of the clear exposed epithelia of con
Junctiva and cornea The conjunctiva shows ~erosis  a typieal dryness
or unwettalality by tears combined with increasing opaaity thichening of
folds and abnormal fatty secretion collecting outside the limbus as Bitot
spots on the interpalpebral conjunctiva  In colored races a transient hyper
pigmentation occurs In a later stage the cornea 1s affected first super
fienlly by dryness roughness and anesthe a  But soon small localized
deeper defects appear causing prolapses of the Descemet membrane after
perforation showmg 4 tiny s shp In the severe stage called Lerato
malicia mostly i cluldren the cornea as a whole 1s affected and suddenly
melts wway Diverse types of mfection develop but are secondary 1n
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nature Blindness 1s frequently a sequel The eye affection coustitutes only
part of a syndrome tesemblmg protein malnutrition

The frequent connection of <erophthalmia with hemeralopra suggests
a relation with changes i the fundus oculi They often may be functional
only but visual and anatomical alterations have been described n ind;
vidual cases The close relation with our subject has been stressed
recently by the report 1n 54 cases of hemeralopia and xerosts from Java
of typical granules scattered over the periphery of the fundus (Teng
Khoen Hing 1959)

A \EROSIS EPITHELIALIS CONJUNCTIVAE

\eros1s 15 perhaps not the first symptom of the affection Hemeralopia—
or to be accurate scotopic viston—usually precedes it In a mghtblind
child a shight degree of xerosts 1s often present and if the cooperation of
a child with Bitot spots allows observation 1t 1s wsually found to be
mghtblind

erosts 15 sometimes observed in chronie destructive conjunctivitis as m
the late stages of trachoma and 1 pemphigus conjunctivae The ophthal
mologist then uses the term xerosts bulbt and not xerophthalma

Xerosts 1 xerophthalmia consists of a typical dryness and opacity of the
bulbar conjunctna preferably m the eveshit accompanied by roughness and
thickening which 1s apparent during movements i fine or coarser folds
especially n the outer canthus On inspection with the shtlamp the trans
tucent conyunctiva vwhich normally looks clear fike an aquarium crossed by
blood vessels appears to be mulky owing to fine droplets Seon the vascular
pattern apart from the larger arterioles becomes obscured (Fig 2) The
hue then 15 dirty white mn some cases clay colored or muddy In the
space of Bitot that 1s at the foot of the slope of the shightly bulging
cornea 1n the eyesht an abnormal sticky secretion accumulates 1n a more
ot less triangular shape The alteration of the substrate s important The
earliest sign according to Jeliffe (1955) 1n Indian children 15 sometimes
a black spot This 15 due to smeanng the eyelids with kajal  a mixture
of carbon and grease which collects in the same space The Bilot spot
looks hike a plague or a pseudomembrane and on closer inspection appears
to be riddled with fine air bubbles (Figs 1 2 and 4) Butot compared it
with a deposit of half congealed foam (Bitot 1863) Sometimes the
surface 13 not solid but drawn out m fine frothy stripes (Figs 1 and 2)
Another time the substance looks lthe greasy pamnt without air bubbles
(Fig 3} Of these signs Nicholls and Numalasurna (1939) stated It
may be that there are two forms of <erosis of the bulbar conjunctna an
acute form i which the changes take place rapidly forming loose
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; of di h which appear foamy and a more
chromc form 10 which the accumulations of epithelium take place more
slowly and 7re more compret
The congistency 1aries It may be difficult to scrape off or n another
case 1t may be a sticky flud Betueen the fingers 1t feels greasy (de
Gouvea 1883) A smear under the microscope 1s seen to abound m
xerasis bacills cellular debris and fat droplets On some \erotic eyes no
spots are vistble but small mlhy flahes of mnspissated mucus swimnun,, 1
the conjunctival pool prove that the abnormal secretion extsts (Tig 3)
In such eyes provided there 1s no serous corneal defect 1vascular injection
15 not a charactenistic However irmtation or a numor inflammmtion may
emphasize the factor redness in the picture
On mserting a speculum which 1s not too difficult as the surfaces are
anesthetic the Bitot substance coats the coarse periimbar folds as a fatty
pant (Fig 5) Especally the lateral medial and mferior parts are
affected The dryness 1s seldom d ble on the palpebral conpunctna
Tears may flood the affected contunctna for a short time but as soon 1
they subside the dry spots break through the moist surface
The spots are larger on the temporal side DBoth eves are usually
affected but the degree may vary considerably The Bitot spot 15 not a
type of xtrosis but an acaident] phenomenon Bietti (1940) suggests
that the underlym, conjunctiva is perfectly normal or at the most shghtly
dry This 1 not our experience The abnormal secretion gathers m the
fypicat pattern n the DBitot space because of the relatne room and the
roughness of the surface (Calderaro 1899) Even if the shape reacts to
tatern] movements of the eve 1t 15 doubtful whether it 15 whipped by
them wto a foun as Krether (1930) supposed The air bubbles may be
caused by the xerosis bacslhi (Oomen 1938) In the course of days also
if untreated the shape of the spots varies VW e have the impression that they
are particularly large an quet or obtuse persons The extreme case of
Narog (1925) 1 1 1 olish shepherd mny prove th
Poels ct al (1958) called cases intermedinry that prescnted a condition
which nught be called prexerotic affecting munhy the interpalpebral con
Junctna  They were clearly related to Ditot spots  The mterpalpebral
a becomes more d drier and more bnllant pressure
on n causes 1 charactenistic wrinkling  Such symptoms may be typictl
of slight 1ffections of long standing or of 1 very slow process of healtng
The mnst extensne uvl accusite cenies of patients shawing Buok spats
while not hving s1ns of hemeralopra or serophthalnia and not present
g low serum levels of yitanun A or carvtene his been described by Sie
Roen Tyin (1938) The series of nincteen cases includes 16 Javanese an
Arib a Turepean and a Chinese They rnged m age from 11 to 44 years
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and all but one were males A few suffered from trachomn The serum
fevels were above the average m eight cases The istological findings on
the spots 1 four did nat significanthy differ from those 1 genume cases
Vitamin A therapy did not nfluence the 1ffection  Sie Boen Lin (1938)
suggests that a considerable number of Bitot spots i adults belon,, to the
same cate oy Patients of Basu and De (1941) pre enung Pitot spots
which did not react to prolonged admunistration of vitanun A may belong
i a smlar citegory  The tugh mexdence of Bitots spots observed by
lcLaren (1959) m Ethioprn schoolchuldren not pre enting low vitamm
A phsnn levels and no suparment of durk advptation w1y also prove
that the genmme Bitot spot 15 not a umque feature of \erophthalmma
De pite this the spots are 1 very useful indicator of xerophthalmia
voung chyldren

HATF 1

Nero s e thehal compuict ac tulbans

Tie 1 Male 3 years old Stwted Fitot [t ofacity awd [ gmentats n of
expo L bulhar cou ctr a.

f10 7 Sfale > years ofl Stri ted it ¢ spot Unexpo od parts of conyuietna
are stil tr nsparent anl ho  clear vas ular pattern witl ut p gmer tation

FI 3 Male 7 year oll Flowmg graelke Btot pot with ¢ ten ne chang
of bulhar cor juncts = only
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B Trourstation

Tt as vt nays eay to decide whether a gnen pigmentation 1
symptom of xerosis gr whether 1t 1s @ raval or gen tc quality 3\
conjunctivae of voung, Jmanese are pigmented even when 1t v reason
certam that the clildren are con unmng enough vitamin % and are
fur state of health However the speatficity 1 a patent ts difficul
judge as the  pecihe 1 ment persists for months and f cured the ¢
u ually 15 not seen agun On the other hind 1t 15 stihng that case:
xerosis and of hemeralopia of long, tandine alwavs show 1 type of
dtffy ¢ prment n the conjunctiv U which 15 rardy present m therr lied!
counterpirts (Tig 7)) After treatment it fades in some weehs or at
most in ome months Tt 1s esperially pronounced on the expo ed bul

ILATF 1T

Nerast eptl elial s conju ctivge butlan
Fic 4 Female 9 years of! Circun ribed Bit ¢ spot 01 {t alng) tran pa
conpunett 3 (Eaventt slown1s Fig 24 )
V1e 8 Male 4 years olt Th chened Iy cmpunetsal £ 13 & th dislocate [
st
B 6 Samcejeafter Sday aln strats mof cod Tver t 1 per o Conjunc

:1“ kA ant wet Titot spct gome Temam g ertaton \ te arpearance
eul
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conjunctna There 1 perbaps no Bitot spot which after healmg 15 not
betraved by a distinct brown cloudy discoloration At the same time the
piyment 15 present in the pirthmbar portions of the cornca alsa when an
emithehal affection 15 not vet demonstrable \\e are mclined to believe
that there 15 a slow appearince and disappearance of a type of pigment
which more or fess paraflels the state of hvpmatanuno 1 Conjunctival
pigmentation 13 not a chiractenistic of pure  protein nninutrition

C \ERO 1S EFITHFLI\LIS CORNEAE

Corneal xeros 1s accompamed In conjunctinal xerosis except when
the prcture 1 disturbed by 2 econdary infection or by corneal destruction
(Wilte 1921) Tt 1v 2 later and more erious stage In it evrhy stige

ATt m

N ros comuichiac tc rnheat

Fic 7 Male 23 years ol Hyjerj ymentatior and dglt xero1 n oa cae of
relap mg xerorl thalmia Note ettarged e re ¢f Me bom g1 nds

Fi & Male 3 years oll Dry fl ck opaque hvper; pment | conjun tia no
POtspt Ha he's of cornea namfest 1 by blor ef fla b refl x {other reflexes
t ctlenaly

FIc 9 Male 2 years of ] Healng corteal defect with th ek careumscribed hals
of ufttrat 3
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1t 1s apparent by a diffuse haziness and dryness which soon returns after
a temporary wetting by tewrs The reflec of a light source (flash) n
blurred (Fig 8) At an indefinte moment small erostons appear  soon
marked by a halo of ifiltration  Or the appearance of a hypopyon may
indicate a loophole for infection A day or so later the eroston has devel
oped 1nto a sniall ulcer the 1ntriocular pressure causes the Descemet mem
brane to prolapse A smnil blach bead appears consisting of an s shp
1-3 mm 1n dumeter the glistenng of which contrasts with the dullness of
the cornea It 15 mostly sitwated 1 the lower half commonly n the nasal
qudrant  These early perforations may be irregular or multiple soon
become overt and in some cases are large enough to let the lens shp
through

As long as xeross 1s demonstrable and the general shape of the cornea
1o mntact we prefer to designate the stage 1s xerosts and not as hera
tomalacta The munute changes referred to by Owen and Hennessey
(1932) do not vet exclude or domunate the state of \erosts  As mndt
cited ewrler ~erosts nd malier are more or less opposite terms
In case of a single perforated ulcer due to other causes the ophthalmologst
does not use the term erther Even when a \erosis corneae 1s complicated
by ulcers affecting the deeper layers 1t still 1s 2 \erosis

D KEraTOMALACIA

Though affecting the same tisswe malacta 15 a different process Von
Graefe (1866) characterized 1t as a progressive ulcerous fuston m which
the cornea wholly or except for ~ thin margnal zone 15 destroyed It has
been distingtushed from <erosis corneae by several authors (Groenow
1904 Mulock Houwer 1935) Eien if the distinction was accepted the
nomenclature sometrmes was not followed  Infantile ulceration of the
cornea with \erosis of the conjunctiva 1s synonymous with xerophthalmia
but s the most characteristic changes take plice in the cornea herato
malacta 1s possibly the term of chorce (Ross 1921) It 15 sometimes
preceded by a recogmzable conjunctival xerosss After the cornea has
suffered gross dimage there 15 not often opportunity to observe this
Reratomalacia (m children) ts a far more acute process lasting only
some days perhaps only a smgle dvy It 15 a colliquatrve necrosss of the
whole cornea sometimes apparently even affecting the himbar sclera In
Leratomalacia the corneal structures melt mto a gelatmous mass of which
the shape 15 so much molded by intrrocular pressure that the rmpression
of the eyesht sometimes can be seen 1s a transversal ndge In case of
Leratomalacia stranger terms are desirable than ulceration only A
strihing feature of the condition 1 that mrtially 1t 15 accompamed by so
httle reaction of the surrounding structures
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1 rom descriptions of varous ongins (Japan China Inda Indone 1a)

1t 15 clear that vast stretches of the corneat surface are immedsately affected
the central beg: g 15 stressed the peripheral

crescentic or quadranthhe (Straub 1927 Ialiat 1939 Bohil 1953) The
destroyed corneal mass may look browmsh or dirts vellow perhap by
simaitaneous infiltration o now and then hke 2 clear jethy  The term
perforation 15 often used m keratomalacra  Though s fens and witreous
often prolapse this 15 an understatement  After malaca the cornen or
the best prt of 1t no longer exssts  There 15 apparently no demarcition
as m local destruction but infection and eventually panophthatmia are
ahways close at hand  Sweet and K ang (1935} report that the epithehum
first 1s hyperplastic and the stroma shows edema Then follow necrosts
and ulceration

In contrast with some sequet of \erosis 1t 1s a diffuse process The
stages of the affection indicated by Bietty (1948) to be nfiltration ulcera
tion and scftemmp may sometimes be discernille m an adult panent but
el fom 1 an mfant which generally 1 the chosen victim

There are appirent smmlarities between ¢ \erosts with partial de truc
tion of the cornea and the total destruction by keratomilacia  One stage
may be present m the nght eye and the second mn the left There 1
howerer rea on to distinguish because of certan consequences to the
general state of the patient and becnuse of the malnutrition heritocon
Junctnatts de cribed I Blumenthal (19300 An eve affected by hera
tormlicia 1s lost even when panophthalona dhes not ntervene  TE the
child survives (outside the hospital this 1 very questionable) phtr 1s bulb
1s the result Tf a child wuth destructine xerost of the carnet survives
1t presents a leucoma but the shape of the bulbus remans unaltered

T Orner I'etTrrn 4L \ANIFESTATIONS OF \EROI IITINALMIA

Closely connected with keratomalacta but producin, a very different
tesult 1s mummnification of the cornea This condition has been compared
by hillat (1929) to 1 dry gangrene as opposed to keratomihicia whi h
my be considered as the wet form  The whole cornea dries up wnto a
tou h leathery vellowt b disk which replaces the translocent eputhehum
s 1 anular dry s<cib Ina urvnng patient the usual sequel of mummy
fication 1 probally a hn,, staphyloma

Tallat (1930) also drew attention to a conditiona) xero t of the cornea
which he called prexerosts Tt 1 charactenzed by a drymg up of the
pparetly normnl cornen, when te evelid aae beld open for 30 secend
by the resence of xero 13 bacillt and by hvpocsthesia of the cornea He
cansslered it (1illat 1939} as 2 hink between xerosts and hertomalaca
1 adults 1illts conception of heritomahicir 1s broader than ours an
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mtermediate link between xerosis perforans and malacia would consist of
an extensive but not yet total destruction of the cornea But the author
apparently refers to an independent condition preceding the manfest
xerosss of the cornea  An adolescent patient of ours for years complamed
ternuttently of failure of vision  On examinition he had a hemeralopia
a heavy pigmentation of the comjunctna and a rapdly drym, con
junctina ind cornea when the eve was held open for half a munute  After
admmustration of cod Iver o1l for some weeks vision 1mproved and the
surfaces became bright again He then used to forget about the o1l to be
reminded of 1t agam by renewed eve complamts after half a year

Prexerosis 1n the sense of an imtial symptom before the usual anatonn
cal lestons are vissble 1s often found to be present sn malnourished
chuldren but 1f not accompanied by hemeralopia or by wisible alteration of
the conjunctiva 15 not a consinemng symptom of xerophthalmia  However
the mcipient water repellent quality of the epithela may help i estabhish
g a dia, nosts

F  ApJACENT STRUCTURES

Though the term xerophthalmia pertains only to the lesions of the
conpunctna and the cornea there are severil topo,raphically or etiolog
cally assoctated symptoms that are of practical ympaortance to the climcran
The function of the eve even apart from viston depends on an intricate
constellation of epithehal structures parth exterpal partly in 1de the
hds Varous glainds have to be considered (1) the lachrymal gland
inside the orbita constantly wettng the moving surfaces (2) the Mesbom
glands mside the tarsus depositing a sebumbike secretion through a strm,
of lrge pores on the rtm of the kids (3) small numerous glands ( goblet
cells ) scattered through the subepithelal lavers of the comjuncitva
produciig a mucous substance  Apart from the condition of the eprthetium
of compunctiva and cornea itself and of the neural and vascular systems
connected with 1t the function of these glands should be scrutimzed when
considerng an affection predommnanthy charactenistized by dryness Not
so closely hnked with the werosts of the surfaces of the eyeball 15 the
surrounding, shin covermng the rim of the evesht between the implants
of the evelashes and on the evelids This 15 a fine and 1 ats moving
sections extremely functionil shin It may be as good an mdicator of
what fappens to the shin m hypovitammosts A as any part el enkere

In xerophthalmia there 15 often but by no means always a lack of
tear secretion A young pattent at examnation 1s long as he 1s not
emotionally disturbed has dry eye surfaces but as soon as his neurosegeta
tive system 1s strmulated he may shed tears i abunldance (Fig 20) but
the tears do not wet the surface for more than an mstant The latter 1s
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nwettable  Another child mav erv but wihout tears—a phenomenon
ot rare 1n seserel matnourished cluldren generally  Likewise 1 disturbed
ld sufferin,, from malnutriion mayv not drool or sweat as does his
ealthy counterpart

Voo Arlt (1851) had already found the Ihchrymal gland to be very
rophie m 1 case of xerophthalmia Davies (1954} considered this to
e one of the speaific changes of glands n protemn malnutnitton  There
1y be two reasons for a dummished flow of tear fluid n \erophthalmit
ne 1s the ab ence of stimulation through rarity of reflexes because of
ypoesthesia of the cornea the second 1s a decrea e m function of the
fand caused by malnutrstion As regards spectheity  the former may be
cnibed to Iack of vitamuin A 1n the corneal tissue the latter could have
w0 causes the heratimzation of the ducts which ts an effect of vitamin A
efictency and the degeneration of the secreting parenchyma which 1
wwre typical for protein deficiency  There 15 however no need to empha
1ze the lack of function of the lachrymnl gland as the anatonneal changes
f conjunctnal and cornea) epthehnm present a ready enow,h explantion
f the mamn ssmptoms of verophthalmia

Besides the decrease mn irngation by tears the lack of a bactersolvtic
gent hsozyme normally present in tears has been held re ponsible for
he role which infection plavs 1 the causation of the svndrome ¢ Findlay
925} Ths sub tance has been found to decrease 1n the tears of xerotic
yes (Frank 1934) an observation which would well fit n with the
eduction m enzyme secretion commonly present 1n protein maln trition
e mstillation of normal tears m affected eyes has been stated to have
beneficral effect (Fuchs 19331 but Iandells (1936) apphing epg
site which 1 particularly nich i Iysozyme could not b erve any
melioration in the eves of rats nor an inlubition of the growth of xero 15
acilly

The role of the Mesb lands has not freq Iy been discu ed I'n
wrgement of the pores of the tarsal glands 15 a regulr phenomenon perhaps
n all cases of \erophthalmia of some duration (Frs 7 and 12) Thes ap
rear hthe 1 rosary on the alpetril mm Thi 15 howeser At o present i
nany ca es of infantile malnutriton 10 wiich the epithelal surfaces of the
e oare not visibly affected  Ttas clerly recognizable mn hgures of Blu
uenthal (19 0) depieting malnutritional keratoconjunctivitis i a Bantu
Negro Ocelu 10n of the pores by dysheratimzatin would perhaps offer the
® t explamtion s the proces of hyperkerato 1 folliculans 1s often de
non trable 1 the shin urrounding the €ves and el ewhere in patsents with
xerophthalnua 1 1t 1s not vet pre ent during the acute stage wt man appear
turing, treatment (11, €} In ~xerophthylmn patients chalzia s>metimes
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wtermediate link betwseen verosis perforins and malaca would consist ef
an extenstve but not yet total destruction of the cornea  But the author
apparently refers to an mdependent condition preceding the mamfest
~erosts of the cornea  An adolescent patient of ours for years complamed
mternuttently of fulure of vision  On exanunation he had a hemerlopn
a heavy pigmentation of the camjunctva nad 1 rapdly drymg con
junctiva and cornea when the eve was held open for half 1 minute  \fter
adnmmistration of cad hver o1l for some weeks vision mproved and the
surfaces became bright again  He then used to forget about the o1l to be
reminded of 1t agam by renened eve complunts after half a year

Preserosts m the sense of an mittal symptom before the usual anatony
cal lesions are visible 15 often found to be present mn malnourished
children but 1f not 1ccompanted Ly hemertlopia or by visible alteration of
the conjunctiva ts not 4 comvncing symptom of xerophthalmia  However
the meipient water repellent quality of the epithelia may help n establish
g a chagnosis

F  ADJACENT STRUCTULRES

Though the term \erophthalima pertains only to the lesions of the
conjunctiva and the cornea there are seyveral topographicalh or etiologt
cally associated symptoms that are of practical anportance to the climcian
The function of the eye even apart from vision depends on an mtricite
coustellation of epithelial structures partly external partly nside the
hds Yarous glands have to be considered (1) the lachrimal gland
mside the orbita constantly wetting the moving surfaces (2) the Mletbom
glands mside the tarsus depositing 4 sebunlihe secretion through a string
of large pores on the rim of the ids  (3) small numerous glinds ( goblet
cells ) scuttered through the subepithelnl layers of the conjunctiva
producing a mucous substance  Apart from the condition of the epithehum
of conjunctina and cornea itself and of the neural and vascular systems
connected with 1t the function of the e glands should be scrutinized when
considering an ~ffection predominanth characteristized by drvness Not
so closely linhed with the \erosis of the surfaces of the eyeball 1 the
surrounding shin covering the 1im of the eyesht between the implants
of the eyelashes 1nd on the eyelids Tius 15 2 fine and 1n 1ts moving
sections extremels functional shis It mas be zs good an wndicator of
what happens to the shin 1n hypovitamnosis A as any part elsewhere

In erophthalinty there 15 often but by no means Always a lack of
tear secretion A voung patient at examination as long as he 1s mot
emottonaily disturbed has dry eye surfices but as soon as his nenrovegeta
tie svstem 1s stmulated he mry shed tears m abundance (Fig 20) but
the tears da not wet the surface for more than an instant  The latter 15
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unwettable Another child may cry but without tears—a phenomenon
not rare 1n severely malnourished children generally Likewsse a disturbed
child suffermg from malnutrition may not drool or sweat as dnes hi
healthy counterpart

Von Arlt (1851) had already found the lachrymal gland to be very
atrophic m a case of xerophthalmia Davies (1954) considered this to
be one of the specific changes of glands i proten malnutntion There
may be two reasons for a dimimished flow of tear flmd 1 \erophthalmia
One 15 the absence of stunulation through rarity of reflexes because of
Iypoesthesia of the cornea the second 15 a decrease 1n function of the
gland caused by malnutriton  As regards spectfiity the former may be
ascribed to lack of vitamin A 1n the corneal tissue the latter could have
two causes the keratimzation of the ducts which 15 an effect of vitamm A
deficiency and the degeneration of the secreting parenchyma which 1s
more tvpical for protemn deficiency  There 15 however no need to empha
size the lack of function of the lachrymal gland as the anatomical changes
of conjunctisal and corneal epithelm present a ready enough explanation
of the main symptoms of xerophthalmra

Besides the decrease in irrigation by tears the lack of a bacteriolytic
agent lysozyvme mnormally present in tears has been held responsible for
the role which infection plays 1 the causation of the syndrome (Findlay
1925) This substinie has been found to decrease 1n the tears of xerotic
eyes (Frank 1934) an observatton which would well fit 1n with the
reduction 1n enzyme secretion commonly present 1n protemn malnutribon
The mstillation of normal ters in aftected eyes has been stated to have
n beneficnal effect (Fuchs 1935) but Rindello (1936) apphing egg
white which 1s particularly rich 1n lysozyme could not ob erve amy
amelioration 1n the eyes of rats nor wn mhibition of the growth of xerosiy
baerll

The role of the Meihx glands has not frequently been discussed En
largement of the pores of the tarsal glands 15 a regular phenomenon perhaps
i all cases of xerophthaluma of some duration (Figs 7 and 12) They ap
pear hike 1 rosary on the palpebral mm Thes 1s however also present in
many cases of mfantile malnutrition 1 which the epithehal surfaces of the
eye are not visbly affected It 1s clearly recogmizable 1n figures of Plu
menthal {1950) depicting malnutritionnl heratoconjunctivitts m a Bantu
Negro Qcclusion of the pores by dy sheratintzation would perhaps offer the
best explanation 7 the process of hyperheratosts folliculans 15 often de
tonstrable 1n the shin surrounding the eves nd el ewhere 1n patients with
xerophthalmia I 1t 1s not yet present durim,, the acute stage 1t may appear
duning treatment (Fig 6) In ~erophthalmia patients chalazia sometimes
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occur with or wathout mflammation Pillat (1939) states that they have a
creamlike contents and that thes my appear within hours Sweet and
Kang (1935) in autopsies observed metaplasta of the ducts of lachrymal
and Meibomian glands The role of the secretion of the Meibom glands 1
the formation of Bitot spots has never becn discussed but still 15 worth
pondering

A look at the shin of the eyelids usually reveals a few pecularities The
eyelashes are often dry irregular and straight 1 infantile malnutntion
(Oomen 1955) as also in many cises of infintile xerophthalmua As a
specthe svmptom they may be of less significance than Jeliffe (1933) sug
gested The palpebral shin 1s often dry and Iachs the mat sheen of healthy
subjects the subtle difference may best be remarhed after comvalescence
More frequently—and perhaps more closely linked to lack of vitammn A—
15 a fine dry eczemalihe dysheratosis between the ciltary wmplants Pillat
(1930) also mentions a diffuse or irregular pigmentation on the eyehds
but 1f this applies to adult Chinese 1t was never striking in Indonesian
toddlers

G Coursk oF THE LYE AFrECTION

Nerophthalmia 15 not a condition of which the course can be easihy de
termined The vietim wsually 1s an ambulatory patient possibly a babe 1
arms Lvery shght affection of the cornea 15 to be considered as an emer
gency \s the condition ts not panful the mother may not worr much
sbout 1t nor does the child complain Once he 1s seen at the out panents
department he has to be cured at once thus barring observation of the
5[)0“(3“80“5 course

A\ certain degree of photophobia 4pparently dependent on the mflam
matory reaction present impels the child to heep its eyes shut and so
withdraws them from ebservation On Java Bitot spots are sometimes con
sidered to be a sign of worms a nerther alarmtng nor infrequent condition
Laterate adolescents may complain of amblyoma and ask for glasses

\erosts of the conjunctiva with or without Bitot spots may be present
for months without much mconvemence to the victim An inaidental school
mspection or the sequels of an aceident at dush may cause their discovery
Bichnell and Prescott {1953) suggest that prolonged mild deficiencies lead
to formation of the spots Acute and chrome are rather deceptive concep-
tions as the lesion may be progressive or regressive Sumple \erosts 15 3
rather chromic condition 1f untreated In acute cates <uch as occur after
mensles no Bitot spots may develop TIn possibly mild very chrome de
fictencies opacity and hyperpigmentation without pots dominate the pic
ture In another chromc case the type of spots illustrated by Roels cf of
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(1958) whih they call mtermediary  develops 1t 15 a focahized affecthion
of the conjunctiva hyperpigmented thickened but not rough which 1s
cruwned by a smnll plaque of scum  If there 15 enou h abnormat secretion
1f 1t 13 sticky enough sf the underlving surface 1s rough enou,h 1f the
subject does not blink too frequently 1f there1 no inflummation the famy
depostts develop

Usually both eyes are nffected but rarely to the same degree This ap
phies to all stages of the affection Sweet and K ang (1935) report that in
8% of cases one eye only was mvolved and n 24 ¢ the affection of the
second eye sometimes came weehs after the first It may be that the phe
romenology Jargely depends on delicate variations m the condition of the
tissues

Whether the xerosts once present progresses or disafpears depends on
many factors I'he more 1cute cases develop 1n the wahe of an acute in
fecttous disease and mny vamsh a few weel s later even if small perfor
tions of the corner have occurred and without further treatment They
give the impression of a transient dehciency  The nutritionally purer cases
are rather obstinate Then phthalmia should be considered as 1 chronic
relapsing aftection  Althongh the physicran cannot radically change the
dietary habits of the subject he may at least achieve that m the course of
the vulnerable years no permanent los of vision occurs What may happen
even o a more or less supervised child may be tllustrated by 1n example

Casc Instory  10,27/52 nile age 30 months Intermittent visitor of
polvchiue now for fever The last but one of five living chuldren Deliverad
by tratned midwife Tather 15 tobacco peddler earns about three sl
a day Weight at 2 months 4500 gm at 6 6500 gm at 1% 7500 gm at
24 6300 gm now 7000 gm Six visits before thus four times for brencho
pneumonr twice for dirrhen At 20 months ~eross compunctinae with
Bitot spots cured with vitumn A njections At 22 months relipse of
\erosis same treatment \t present again Xerosts conjunctivie 1nd corneae
Bitot spots no ulcers I resent state I lobin 88 gm 9 dep 1
tion muscle atrophy enlryed lver shght edemn Laver biopsy bewy
staitosss: Mantou at 1S months nd now negatne 1t 17100 No mmlara
Tarr toad of Ascars Diet Lreastfed tll 12 months Had cow s milk
srregularhy  Mother msists that the cluld duly hnd green vegetibles

I the remunder of the cornea or m g lencomas exacerbations of the
tmgneh condition may be observed {Tig 1) In 1 series of 03 consecutne
Patients mentioned 1n Table IV eight presented maculas or leucomns as
eutdence of exrlier dumage by the affection tesides the fresh lestons ob
served at first examimation  The ¢ considertions are of course relevant
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onlv 1f the eve lesions 1re not too severe In that case the usual end 15
death even f Ty timely treatment the local proces has been acreste {

There eems to be no doubt that prexerosis xerosis conjunctinae \erosis
corneae and heratomalacia are stages of incrensng severity of the same
condition But yome ymanifestations miay be smipped or be obncured by an
attendin flammation The older the patient the more chronw the course
1s not a rule without exceptions Sn infant less than a vear old may have
only conjunctinal xerosis with Bitot spots but miore often it will be ob
served at an advanced stage of heratomalicia The uggestion ot Fallat
(1939) that 1n a child corneal xerosts lasts onlv hours does not apply to
the majorits of th Indonesian cases which are toddlers Keratomahenn
may occut at every age but in adults 1t 1s rare and 1s conditioned by
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definite disease whereas n the mfant 1t depends rather on elementary
deprivation
H Anatouy

The pathogenesis of <erophthalmia has been approached from very
diverse angles The condition has been ascribed to 2 primary desiccation
by heratinization of the epithelium (Wolbach and Howe 1925 1933) or
to a secondary desiccation resulting from decreased function of the Jach
rymal ghnd (Mot 1922) or to dimmished mucas production by the
goblet cells (Collins 1930) A different v1ewpoint was that of Y udkimn and
Lambert (1923) who considered \erosis to be a sequel of local inflamma
tions of the conjunctiva Less connected with histological changes was the
wler of Browming (1931) that a toxm caused the affectson of the cornea
of Findlay (1925) that lach of lysozvme an anti infectious component of
tears preceded 1t or of VMellanby (1934) that xerosis was secondary to
loss of neurotrophic control by the tngemmal nerse Parts of the syndrome
could be thus explamed but most of these theorses failed to furmsh adequate
arguments for the causation of the whole

However the characteristic metaplasia of the conjunctina and cornet
offers a ready explanation of the symptoms observed The conjunctna has
a polymorphous mosth squamous epithelium consisting of many layers
in which many polygonal or cuboidal and goblet cells occur  In xerosis the
disappearance of the mucoid goblet cells 1s a constant symptom {hrether
1930} Herbert (1898) and Courbieres (1935) beleve that this 15 the
primary lesion which causes both the heratinzation and the xerosts The
mferior layers show extensne ballooming of cells with crowding of the
abundant pigment to the top (Damuean Gullet 1958) There 1s a tendency
to discontimuity of the tissue by the formation of big tercellular lymph
spaces The surface consists of loose herattmzed desquamating cells that
have lost thetr nucles The deeper epithehal favers abound 1n keratohyahne
grantla According to Rreiker 1t 15 not so much the dysheratosis which
causes the rreularities of the surface as hyaline degeneration of the sub
epithelial lavers By bursting through the superficial heratinized tissue tht
causes a villous (zottig) appearance Krether msists that 1f the surfce
does not burst no Bitot spot ensues This g es a ready explanation of those
cases showing typreal xerosts withaut development of spots {Fig 8) Seme
authors stress the occurrence of fatty mfiltration both withm the eptthelial
cells and 1n the deeper layers (Varnoser 1930 Hamada 1930 1933)
Disapy of mucus of abnorma! fat and cellular debns
probably produce the peculiar secretion and furnish the substrate for de

velopment of xerosts bacilly
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The pathological process i the cornea 1s said to progress from mfiltra
tion through necrosts to ulceration It may well be however that necrosis
15 the primary lesion followed by mfiltration and n the cise of mummm
fication demccation The destroyed corneal mas looks at umes like a clear
el then agun turbid and vellowish It has been compared with a co
agulation necross (Woght 1922) There are not many good reports on
the anatomy of heratomlacia sensit sirecto i man Esen at the rare au
topstes only the final stige of fustological alteration could be studted

The local ulceration present under epithelial defects may quite well cor
respond to the pictures described 1n rats There 1s a demareation zone ot
polynuclear leucocytes through the whole of the stromn Moore (1957)
suggests that 1t even develops without evidence of infection It 1s probably
A reaction to the epithehal change {(Mon 1922) This would correspond
with the thick gray halo of mfiltration that surrounds nlcers of patents
treated with vitanun A (Tig 9) In the diffuse process Jaensch (1927)
observed necrows of the epithebum nfiltration by leucocyvtes and a typical
fatty degeneration The last factor may give a clue as to the difference be
tween local defects And keratomnlavia semsw stricto it (ould indicate a
cornea more hiffusely deteriorated than the one affected by local ulcera
tions where the usual d fensne mechamsms still presarl In the cornea
affected by mummufication Tiflat (1939) states that the exght to ten super
ficsat Yayers of eputhehal cells -re still demonstrable Any sign of mnflam
mation or softemng 1s lacking  In rats Wolbach and Howe (1925) ob
served Leratimzing foar i the ormgl differentiated epithehum and
Tephicement by less specific epithelial cells from the basal layer A more
detatled discussion of the differences betw een the Jocalized perforations and
the duffy e decay of the cornen would seem very destrable m view of the
great differences m prognosts as to vision

1 DIAG ©0SIS OF \EROPHTHALMIA

Nerogis of the conpunctt @ preceded or accompanted by hemeralopsy and
reacting favorably within a weeh on adimnstration of a rea onable quan
tity of \ition A can hoardly be m taken tor imtiung ehe  Still 1t 1n
often bard to decide whether an incrensed degree ot dryness and wrinkling
1 2 peane symptom or an effect by external or hereditary agents
Dryness and hyperpigmentation then are more useful gwmdes than
ereased \asculanty or thickeming mdicated by a more pronounced rebef
of the mterpalpebral conjunctssa A subjectnve mterpretation mm fake
a bigh madence but the absence of serions stages w the environment
hould then cause doubt A locabized swelling Uhe a pingueculum or
Tterygium ought never produce difficulties in differential dignosis
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Rlften (1923) stated the hemeralopra m pregnancy never was accom
pumed by ~xerosts Birnbacher (1927) observed a xerosts 77 of
European cluldren under 10 vears suffering from hemeralopia  between
the ages of 10 and 20 years the percentage for males was 30 and for
females 18 Hemeralopic women more than 20 vears old never suffered
from xerosts Absence of hemeralopia m a toddler with xerosss would
makhe the specific nature suspect Though 1t 1s sometumes difficult to prove
the observer very often receives sufficient evidence without determmation
of dark adaptaon Dhanda (1956) quotes a number of cases of manv
years duration without mghtbhndness Tt 15 difficult to 1magine that this
refers to authentic cases of \erophthalmia

The distribution of the \erotic parts may be diffuse or patchy Diffuse
or cloudy pigmentation especially in the juxtalimbar areas often appear
to be pathognomonic Not every pigmentation in colored people 15 related
to the condition Patwardhan (1952) reported on a circumcorneal ring or
slender sichle somewhat separated from the hmbus as an independent
sign There may be other types according to race The rectie pigment 15
especnlly to be sought for m the eveshit Pillat (1929 1931) believes that
1t serves to protect the nucler because of 1ts mtracellular localtzation It
15 also present withm the cornea and Pillat even suggests that necrosts m
Aeratomalacna 1s connected with the structural inability of the cornea to
produce sufhcient pigment The differential diagnosis depends on s
transtent nature But 1t t1hes weeks and possibly months before it 1s drnven
away by therapy Thomson (1923) supposes that it m1y persist as a per
manent brown stummng That exposure to hght 15 a contributing agent
may be proved by the strhing | of the bulbar con) a i
squinting children 1m whom a larger part 1s exposed

The Bitot spot 1s a very charactersstic phenomenon m xerosts It may
however be ab ent and 1its shape and consistency depend very much on
the quality of the substrate and the nature of the pathological secretion by
which 1t 15 produced As an mert substance 1t does not itself react on cure
with vatami A This tahes more time than the restoration of the epithelum

d by the dis of driness and opacity For diagnosis
neither a typical \erosis nor a Bitot spot cause much difficulty Apparently
Bitot ike spots occur in conditions of the eye without interference by
vitumin A Ste Boen Lian (1938) reported on such spots (see Section It
A) 1 those of \gricola (1905) they were caused by 1 localized congenital
hertimzation Roels et al (19-8) used the Bitot spot 1s an mdicator of
hypovitumnosts A m 1 survey m huwnda Urundt Therr results demo!:\
strate the switability of the spots as 1 eriterion for ssessing the vitamin
status of groups tn combnation with serum levels Rlerks ( 19 6) con
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cluded that the Bitot spot 15 a valuable sign of malnutrition because of the
sigincance of the refation with tvpical signs of malnutrition

Although Nicol (1949) 1n connection with the scaraity of vitanun A in
the diets of Nigertan farmers refers to <everal eye changes 1t 15 not clear
what proportion of these pertams to the classic symptoms of xerophthalmit
1 contrasting cvidence may be v ed the thakemng of the bulbar con
Junctiva and pigmentation of the sclera (of the conjunctina bulln?) did not
belong to the speaific affection since they were present 1 consumers of diets
either poor or rich in carotene  but mghtbhndness and corneal opacities
were numerous among the groups with the lowest consumption of carotene
Thickened conjunctinae oceur 1n adults of many colored races especially
 sndniduals much exposed to the sun Without the typrcal unwettabnlity
and opacity the d of hthal 15 not d dable A distine
tion between the condition in cluldren anl adults cnuld probably have
proved the pont

Preverosts 15 not so easv to establish especially 1n children In hwash
torhor ca es the conjunctiva 1s usually thin and translucent but there 1s
often a decrease in hurudity and 1 trace of wrinkling Oomen and Malcolm
(19 8) chserved m malnourished Papuan children a 1milar pronenexs to
dryness which was not accompanied by hemeraloj 1 and was absent mn
Letter fed counterparts Shitlamp examination could 1n such cases have fur
mshed the clue Thus m Mewico Pagola (1945) tound dmmmishe T humudsty
of the cornea 1n 90 % of the eyes of kwashorhor patients he ¢\ inuned
xetophthlmia with ulceration 1n 7 ,¢ and Butot spots i 1 ¢4 TIn children
sufferin, from trachoma a certamn degree of dryness 15 usually present
but then the speuhc symptoms betray the renl nature McLaren (1956)
states that pingueculae have frequently been confu ed with Bitot spots al
thou v this 1s difficult to understand to one who has cen both lesions as
they differ 1 many ways

Nerosis of the cornea without epithehal defects 1s a short Ived symp
tom except when it changes into mummficatton Diagnostic pitfalls m
semicomatose or monbund patsents m which the factor lugophthalmos 1s
evident can ersily be avorded T arhy infiltrates arny look nummulir Ulcers
myy be confusing Ulcus serpens with hypopion 1s not rare in measles
In case of doubt the presence of xerosts conjunctivae mav decide m fasor
of xercphthaloma The rapid cure by vitamn & adds further proof In
view at the lumited facihties in the Tropies 1t will usually be more sensible
1o use the argament cv jurantibus than to sewrch for heratimzation 10
Seripings of the conjunctina

Tn contradistinction to former opmons (Pillat 1939 Bietn 1940 Nay
etal 1940) 1t should be emphasized that nesther the scriom et Fof atann
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A nor that of carotene 15 very helpful i estiblishing a diagnosis Though
m case of verophthalmia a decrease of both 15 typical even 1f the range 15
rather wide approwmmately the same low values are found tn hyashiorhor
(Trowell et ol 1954 Behar ¢t a! 1958) The level» especially 1 ap
parently normal children in a vulnerable emironment are not much hugher
The most that can be said of serum lesels of vitanun A 1n <erophthalmia
1s that they are never high and rarely average that they are fowest in cases
of keratomalacia that i groups of verophthalmia cases the averages are
lower than m healthy controls (Table VI) Their sigmficance 1s about the
same as that of protein levels in  subchinical protern malnutrition cases
In short the brochenust especially 1n an endemuc environment cannot help
us decide whether an individual child has erophthalmi

Halnutrition keratoconjunchnhs Partly because of difficulties i estab
hshing the diagnosis of keratomalacia but mosth for general clmical rea
sons the eve affection described by Blumenthal (1950) i malnourished
Bantu children and young adults deserves close attention When the author
calls it a logrcal disease and ders 1t as the commonest cause of
preventable blindness 1n South Africa a climcian farmhar with such terms
1 South East Asia will prick up his ears But sf the primaipal alterations
are described as excesstve wetness of the cornea and vasculamty of the
conjunctina accompansed by lichrymation and mucus hiquefaction e will
realize that this must be a radically different affection even sf corneal
perforations are common The de erption of the clean prolapse and the
chinical umqueness  that the cornea should dissolve awy quietly and m
stdtously at one small point without a sign m the eve to attract superficial
attentton of the parents suggests that there 1s no connection with
xerophthalmta It 15 stated that Bitot spots never were observed The
tipe of button mushroom iris prolapse and the more rarely occurmnng
mpple type staphyloma are incompatible with the dissermnated rregufar
perforations and their sequels i ~erophthalmn  The lecalization 15
mtially stromal or mesodermal but not epithehial

‘The young sictums are said to be fat and podgy to win prizes at baby
shows A reference to the motto of this paper m1y suffice to stress the
difference with heratomalacta patients

Blumenthal apparently h1s also been troubfed by the term heratonualacia

Possibly the name heratomalacra was ongmally gnen to a single eyt
condition but has been used sdiscrinunately to describe a hotch potch of
conditions 1n the Middle and Far East many of them no doubt dictetsc 10
ongin  In our opmion the mdiserimmate use of the term heratomalacia
has mastly been 1n the sense of an overstatement but 1t was not difficult to
recogmize definite trends and simianties mm the descriptions reviened here
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from Cast or West On the other hand it 15 felt that the designation of the
African condition by Blumenthal 15 an understatement and does not qut
come up to the essentials of the description To avoud confusion with an
other malnutritional eye affection already beset 1y terminological trouble
we propose to call it keratolysis profunda
TABLE II
CoMPARI ON OF \EROPHTHALMIA WITI! RERATOCONJUMNCTIVITI> BLUMENTHAL

K tiitis
Surfaces Dry p gmentation Wet vascul rization
Tmtial leston Epithel at Stromal
Pitot spots Common Absent
Tos prolapse Through damaged Throueh clean surface
surface
Frall son Nebula leucoma Leucoma mipp e staphyloma
stapl yloma rhtisis
State of nutrits n Aal utr: son evident Fat podyy baby
Preferred age Toddler Chill until puberty
TABIE IIl

DisTRIBUTION OF AGE AND OCCUPRF V(E OF XEROPITHALMIA 0N TAvA COMPARED
witit RerAT CONJUNCTIVITES In THE FasT CAPE PROVINGE

Age k t e
(years) < «

1-5 83 33

515 9 34

15 30 5 16
O er 30 3 17

Total number of cases con dered 5991
? Total number of ca ¢ considered 175

In Table II the prinupal differences between Blumenthal s disease and
~erophthatmma are summed up and m Table 11T a comparison 15 made of
the age distribution for bath conditions 1n the respectne endemc regions

V  The Patient
the cli ical pieture of heratdmalac a 1s not vet exhau tel
by the symptom wht 1 1a g en the di case t nam
MevER AND \A sau (1930)

Bloch (1919) and Blegvad (1924) the first imestigators to study the
condition on a large series of patients aiter the strihing di covery of the
fat soluble factor called 1t distroplua alipogenetica and dystrophta Neroph
thalnuca re pectinely VMoris ik was a Japinese children's disease
with diatrhea during the summer months Van Stochum (1935) contended
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that therapy amung exclusively at treatment of the eye was doomed to
fulure De Haas ¢t al (1940) stated that dy strophy and werophthalmi
go hand 1n hand while the vicious circle 15 closed Ly mnfections Finkel
stemt (148} distingtshes between pure cases of heritomalacn m which
the 1solated deficiency of vitanmn A 1s clear and between cases with grave
general disturbance which animuestically are not connected with lack of
vitamin A The htter he states are much more frequent

Is ~erophthalmia then merely the ocular mamifestation of a systemic
disease of grind style of a generalized affection of the ectoderm as em
phatically propounded by Pillat (1939) > A superfictal examunation of an
1verage patient may impress the observer by the marked wasting of muscle
(Figs 13 and 14) a2 more ntensive examination by the striking degree
of fatty mfiltration of the liver (Figs 17 and 18) Neither tissue has to
do with the ectoderm Muscle wasting or fatty nfiltration of the lner
do not even belong among the diverse lesions m mam tissues and organs
which 1ccording to Moore (1957) are due to vitamm A defictency Or s
1t that affections of other tissues throughout the body of which the speaific
avitamnotic nature 1s well known collaborate 1n creating the nuserable
condition of the patient with advanced ~erophthalmia® Of these lesions
those of the shm deserve attention because the integument 1s the most
closely related ontologrcally to the affected epitheha of the eye

A Tne SKIN IN \EROPIITIIALMIA

A few questions must be answered here regarding the skin abnormalities

present in some patients with <erophthalma First Are they a typreal

ation of hypov A that 1s are they only to be found m
connection with this deficiency ? Second  Are they a constant symptom?

A condition called phirynoderma by Nicholls (1933) has often been stated
to accompany erophthalmma and to react fivorally to replepon with
vitwmn A It was ongmally defined as a papular dry shm eruption fre
quently accompamed bv 1 mild neurttis and (or) eye symptoms such as
mghtblindness dimness of sight ~erophthalmia or heratomlacia the
patients are very hable to diarrhoea or dysentery when this occurs the
neuritts becomes more marked a high mortahty results The disease 15
due to vitanun A deficiency but other food factors may be at fault

1t was observed ongmally m (adult) prisoners m a Ceylon jail The eye
lesions called herttomalacta were present mn 8 S5 of the cases and started
by imjection of the vessels runming from the inner and outer cantht of
the eve to the cornea the redness of the vessels stands out 1 marhed
contrast to the whiteness of the sclerotics at the same tume yeliowish
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thuhenings occur where the vessels disyppear at the corneal sclerotic
Junction

The next change 1» the appearance of pinpoint opacities tn the cornea
these increase t size 1nd may become two or three nuilimetres in diameter
Then the opaque areas ulcerate and if the ulcers do not heal thev become
extensne and hvpopyon develops and hnally the anterior chamber and
cornet become disorganized and permanent blindness follows

Before the opacittes of the cornea have appeared many of the prisoners
complain of dimness of v1 10n and even of blindness The visual symptoms
must be due to the defictency affecting other parts of the eye than the
cornea

These syvmptoms are not in accordance with the typreal qualities of
xerosis or with the reactionless sloughing of the cornea in heratomalaun
Macholls perhaps prematurely compared the syndrome with mandama 2
disease occurning mn young children  almost svnonymous with mara mus
and concludes  Although neuritis 15 not mentioned 1t 1s probably the
same condition as occurs in prison  There 15 no doubt however that
xerophthalmia representing a typical mamfestation of hypovitammoss A
was responsible for the blindne s 1 66 % of the pupily of a school for the
blind and deaf 1n Ceylon and m many of the low age mstances mentioned
by Nicholls (1934) W hether their phrynoderma can be ascribed to exactly
the same cause remains dubious

Somewhat Iater T oewenthal (1935a) reported on 4+ cases of eroph
thalmia and 277 of phrynoderma 1n 1000 school pupils m Ugands He
used the term <erophthalmia i the same sense as 1t 15 employed m tlus
paper Reviewing Nicholls interpretation of the evidence of hundreds of
cases occurring 1 Negro school children Loewenthal (1935b) rejected
neuritis and diarrhea as symptoms of vitamin A deficiency  but positnveh
wncluded phrynoderma and xerophthalma

Since then the nenris component (including burmng feet and pro
gressing mto ataxia with loss of reflexes) has aroused further attention by
the frequent wide scate occurrence of the syndromes of deafness ataxra and
retrobulbar neuropathy 1n Luropean pri oners of Japinese mternment
camps 1n the Tar Fast They alsa presented shark skin and smlar af
fections  proten malnutrition was very marked but xerophthilmm was
absent

Copalan (1047) showed that phrynoderm could be cured by admn
sstration of hinseed ol 1 conpunction with the vitammn B complex \enon
ctal (1950) proved that ndmimstration of a fat rich 1n essentra fatty 1ctds
mproved plrynoderma and increased the odine 1alue of the serum Iipids
An ordinary hospital or boarding school diet may do the sime Even if
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treatment with vitamin A sometimes gives results this may not be proof
enough as the reaction 15 much slower as compared with the restoration of
the eye lesions To say the least the connection of the dysheratoss of the
shin with vitatun A 1s less apparent than that of the exposed tissues of the
eye m verophthalmia

Nicol (1949) d hed between follicul as a simple enlargement
or undue pronunence of hair follicles (heratosis pilaris) which may oceur
on either a healthy looking or a xerotic shin He uses follicular hyper
heratosis to describe a marhed thickenng of hair follicles with projectng
spiny plugs of heratmized material occurring supertmposed on a general
1zed xerosis (the phrynoderma of Nichalls) He does not find a correla
tion with carotene mtake m folhculosts It 15 however marked with
xerosts follicular hyperkeratosss nd elephant shin The protem intihe of
his subjects was satisfactory  but there was a high maidence of Iner dis
turbance i all groups the groups with low carotene also consumed hitle
fat

Without discussing further the spectficity of phrynoderma (see also
Stannus 1944) we refer to papers denying the comcidence of phrynoderma
and xerophthalmia especrally m toddlers (Ayhroyd and Rajagopal 1936
Frazier et al 1943 Baptist and de Mel 1955 Klerhs 1956 Qomen
1958)

Besides the coarse follicular phrynoderma finer smore diffuse hpes of
folliewlosts nd dry atrophue desquamatize alterations have often been
described (Nicholls 1933 Pillat 1939) They are common 1 toddlers
with either hwashiorkor or xerophthalnua even 1n the immediate neigh
borhood of the eye (Tig 6)

Radhakrishna Rao (1937) studied the histopathology of the shin 1n adult
cases of heratomalacta not showing phrinoderma He suggests that the
latter 15 a result of a pathological response to external srrtation and 15 not
of an essentially different nature

A reference to erfohatize disorders of the shin m severe malnutrition of
toddlers ( crazy pavement shin ) and vitamin A defictency has never Dbeen
made They appear also among the cases described by Mort (1904) and
were tllustrated m one of Blochs papers (1931) Oomen (193 1954)
could not discover any difference mn prevalence whether such a cluld had
\erophthalma or not

The {requent association of atrophic and dyskeratotic shin alterations
connected with proterm malnutrition 1 young and adult subjects has nfr;t
always recened sufficient nttention from authors concerned with speaific
skin change In our opimion protein malnutrition often domimates the pos
sibilities created by 1solated deficiencies
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Conelusion It may be concluded that these disorders of the heratimzing
parts of the epidermis do not essentially belong to the syndrome of xeroph
thalmia The apparent varrbles are vitamin A proters and fat in the diet
and age of the subject but 1t 15 risky to indicate a closer assoctation There
fore 1t may not be yustifiable erther to include the bulging pores of th
Meihom glands mn <xerophthalmia among the more specthe signs of hypo
vitammosis A It may s fact be advisable to dissociate the types of dysher
atosts seen simultaneously with siner varations i xerophthalmm in
proten malnutrstron 1n pellagra (besides the typreal shin mamfestations)
(Giliman and Gillman 1951) and m scursy (Fox 1941) from the realm
of speaific deficiency They probably can be judged more profitably from
the Gillmans viewpomt of nonspecific regulation pattesns

It 1> unfortunate that the skin constituting as 1t does 2 considerable por
tion of the body mass and rep an ectodermal epith
as well does not furn: h useful miormation on spearfic changes caused by
Iach of vitammn A Our disappomntment becomes still greater when we trv
to unravel chrcally the connection with other tissues and other deficiencies

B CotnciDENT ALTERATIONS OF OTHER TISSUES

Except the shin most of the biologically essenti] surfaces of the body
are difficult to study DMostly from evidence from ammal experiments we
Lnow that the epithelum of the urinarv tract of the sntestine and of the
Tesptratory organs often 1s affected by a simular metaplasa

The desquamative derangement of the first stressed i English cases by
Spence (1931) of which we would expect to find evidence m the urinary
sediment often cannot be proved {Sweet and k ang 1935 Qomen 1954)
A bladder caleulus 15 not 2 common findimg during the actne eye lesions
and n Jumenile cases of bladder caleulus the proof of a vitamin A dehciency
1s usually lacking (van Stockum 1938) Despite attention devoted to the
subject 1n Indonesia only once 1n a 6-months old child h1s the comadence
with renal caleulus been described (Sampoerno 192b)

Brknell and Prescott (1953) suggest a connectron between renal calenls
and i povitarminosts A due to denciency previously caused by  hadney af
fection This 15 not a problem for which chinicians 1n regions where xeroph
thalmia 13 endemic would seek a conclusive imterpretation Thetr problem
partieularly pertams to the high naidence of bladder calculus m mall boys
(Oomen 1958)

Duarrhe1 not always ascribable to a defimite nucrobial agent has been
mentioned by many authors Pamalingaswam: (1948) described a number
of xerophthilmia cases of which the diarrhea did not respond to sulfa
guamime but reacted promptly to adnumstration of a con entrate of
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vitamin A Stxteen out of twenty nine cases from a sertes mentioned by
Qomen (1924) suffered from a severe diarthea (erght with internuttent
steatorrhea) which i some cases still persisted after the dysentenc role
had been ruled out

Bronrhopneumonia 1s 2 common complication 1n most cases The vanety
most closely connected with \erophthilmia 1s apparently an interstitl
pneumonia The expected bronchiectasia 1s difficult to prove by simple
means As mdrect evidence Pillit (1959) reports the immediate reaction
of bronchitic ssmptoms to adnunistration of sitamun A We have to assume
on the strength of a few autopsies (Blackfan and Wolbach 1933 Sweet
and Kang 1935) that keratimzation and metaplasia of the respiratory
and bronchral epithelium must be considered as potentially grave lesions

It 1s not too difficult to explain awy the clinical symptoms connected
with the condition of these different types of epithela by ascnbing them to
Tack of vitanun A However as m the case of the shin lesions 1t 15 em
barrassing to prove the pomt

Returming to our onginal question we must conclude on chmeal evt
dence that respratory and intestinal disturbances are more close and
onunous partners of serophthalmm than are changes of the integument or
the urmnary tract According to Moores (1957) experience whole groups
of rats exposed to vitamin A deficiency m1y die of pyeliss and eystitis
Thas 2t least has no apparent equivalent m man The bad condition of the
Iungs or of the mntestine could explamn at lest to some extent the deterora
tion of the nutnitional state On the other hand nerther 1f caused by com
mon nfection  mduces such a sad state so rapidly

A rat showing the typrcal signs of vitamin A deficiency would exibit
xerophthalmta eventually associated with emactation A pig would have
normal eyes and weight but not be able to stand on its hund legs (Moore
1957) In man the most common combmation would be affection of the
eve together with a variable state especially 1n toddlers of nutritonal
dystrophy

The abrorinalities elsewhere 1 the body of a victim of verophthalmma
produce as much evidence as they add confusion m mterpreting the general
affectton of health

C Kevationsmr witin Protefy MALnUTRITION

Many accounts from all parts of the world early as well as recent
dicate that the apparent d of \erophtt and mal has
not recenved adequate attention Several lesions of the eye have been 2ss0
crated with stanvation malnutnition or protein depletion (Buetti 19-0)
Ixcepting rerophthalmma the most 1mportant perhaps are a polymorphne
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superficial heratopathy  described 1n Greeh adults under war conditions
(Djacos 1942 Petzetahis 1950 Spyratos and Petzetahrs 1943) eye
affecttons of iternees durin,, the last war 1 the Far Cast n which neura!
lesions donunated exemplihed by retrol ulbar newropathy (Nicholls 1951
Qomen 1959) and the conspicuous syndrome delineated by Blumenthal
(1950) 1 South Africa as malnutrition heratoconjuncti s

Of the four the connection between malnutrition (stressing the general
and mfantile aspects) and verophthalmia seems to be closest It 15 even
demanstrable hetween the degrees of affection of conjunctiva and cornea
and of the deterioration of the nutritional state  Using an index 1mvolving
the state of the shin and of the muscles the size of the lner the presence
of edema and the degree of growth retardation (Qomen 1925) single
conjunctinal \erosts can le proved to be most frequently associnted with 1
shht degree of malnutrition whereas a severe duisturbance occurred simul
tancously with the perforating complications of corneal xerosts and with
Leratomalacia {Table TV )

TABLE IV
De6ree oF NUTRITIONAL DISTCRBANCE RELATED T0 STAGES OF \EROPHTII LAff4
1v 64 Crioren LEs Tuas 6 YEars O (Java)

Malnutrition
Deg ee of verophthalmia Shight \Moderate Severe

Nerosis co junctivae 14 3 14
T tot spot. 17 2 E
Neros s corneae sumplex 4 15 >
Nerosss corneae perforans 1 8 12
Rerato nalacia 0 0 8

Total number of children 14 34 16

Po it ve Mantoux test po tive malara s ea adelaged pl ns exclul |

Pegarding tlus category of Indonesian urban children one nught wonder
which type of natnutrition 15 most prevalent among those affected by
xerophthalmim VWe consider here as hwashiorkor the variety with pre
ponderate edema and stull retanim, some calonic reserves and as mar1 mus
the condition typified by shrivelng, of the shin muscles and fat tissue by
anhydremia etc Of the 64 mfints and children less than 6 vears okl pre
sented 1n the talle § mamfested the typical syndrome of hwashtorhor (Tigs
15and 16) 7 were typrcally marasmuc (Tigs 13 and 14) and in 5 of 7
mfants less than 1 year old anhydremm was a striking feature (Fig 19)
the remauining 42 were 1n a state comparable to  marasme hwashiorhor
or sindrome pohcarencial infantil Autret and Behar 1954)

In short The child with \erophthalnua suffers from the sume types nd
degrees of malnutrition as his counterpart free from visible mandestation
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PLATE \

Nutnitional state and xerophthalma

Fic 13 Male 2years old Marasnus Nerosis corncac perforans
Fic 14 Male 1year 3 months old Marasmus Neros: comyun tivae et comeae

of hypovtamumnosis A Comen (1953 19>4) compared the state of the
Ier 1n biopstes of 79 cases of infantile malnutnition 1n two Indonesian
fowns 54 exhibited xerophtlilnua and 25 were free from such symptoms
The mcidence and the degrees of steatoss> and fibrosts were essentially
stmilar an both groups Hoogenhamp (1936) studying rural toddlers mn
Borneo had the sune esperience There 15 very httle reason—if we dis

regard the eve signs—to consider hthals as a speenl varety of
malnutrition  There are strong reasons to regard every degree of \eroph

thalmia except possibly ancipient alterations as a case of general malnu

trtion or nutritional dystrophy
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PLATL V (Connz ed)
Tie. 1y Male year old hwashiorkor Nero 1s corniae perforans

Fic 16 Male 1 year 6 months ofl Kwashiorhor erosis cor eae perio ans
hypopy>1

The picture suggested here concerns the small cnld affected by \eroph
thalma as found n Indonesrr T ecently 1t has been analyzed further by
Poey Seng Him (1957) The excher reports of Mort (1904) at the turn
of the century 1 Japin come close to this picture Sever il of the de crip
tons from India and Maly (Achar 19 0 Sen 19 4 Gopalin 19 6
Sard 1935) at o resemble 1t At least some of the cases of Bloch and Bleg
rad belong 1 the same category There can be little doubt that grase dis
turbances of the diet or the mother s diet are at the root of the trouble
Tt1s however somewhat different from the case of Pullat patients who
were of the diprivileged cliss of Chinese apprentices and companions
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PLATE VI

\utritional state and erophthalmia
Tic 17 Female 3 years old Liver enlargement erosts conjunctivac et corneae
Fic 18 Male ! year 1 monthold Liver enlargement erosts corneac perforans

distress Their age their nutnitronal history and their mode of reaction to
stress by hypovitaminosts A may explam at Jeast part of the differences

The association of serophthilmin with protein malnutrstion 15 so fre
quent and so close that we cannot help wondering which 1s the primary
lesion Is 1t ad ble since this d of a disorderly syndrome
15 so much 1m vogue to speak of xerophthalmia combined with hwashiorkor
as an associated vitanun deficrency?

Protemn metabolismt 15 apparently and very plausibly involved 1n every
nutritional disturbance at the level of the active protoplasm or of the Inng
cell mass The significance of the turnover rate often has been stressed




AN OUTEANE OF \EROPHTUALATA 171

PLATE VI (Lo 11 4
F: 19 Femate 1 months oft Ashyd ema cachewia he at naly

Fto 20 Temal 2 ycarsolt Weak thin ohild counrt 1 otc e
Note tears

i te pect At the tune that hy whiorher and alhed ndremes bl not
yet obtasned ehnseal recogmtion the term most often o ed w ccnncten
with verophthalima was dystrophy [ sthes from 4 5o ol scal o frooe e
public bealth viewpomt verophthalmie distrophy 3w Al €1 es exeqin,
the initrd affechon 4 better designation of the yndrome thn s+ ropht
thalnua alone The duorder though charactenzed by the le won of the ese
wfact v g syndromie and net an incdontal sumptom The pathologs prs
£7es es along pathwass different from those m pure knz horhor the ugh
the firal stages resemble each other vers mach ( Table V2

s not very attrictne to start a new  richet 1o feltn to the vty
T mterpretation of \erophthalmn Vitamin A ha successively beem
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acclasmed as a promoter of growth a shield agamst mfection a guardan
angel of the epstheltum or 3 partner 1 busmess of the ectoderm Norne of
these clums have been matertahized satisfactonly in fater years Stll
arguing chmeally one could defend with some success the Statement that
“tasin A protects agunst protemn malnutrition

TABLE V

TENTATN & CHARACYERIZATION OF KW ASHIGRROR AND NERDPHTHALMIL
0 Shary CHiLdeRES

Kwashorlor Nergphthalmia
Serum level
Vitamm A Tow Loy
Carotene Low Low
Albumm Low Low
Globulin  alburmn ratio Law Loy
General symptoms
Dysheratoss shn Yes Yes
Muscle wasty, Yes des
Steatasts tver Yes Ses
Growsh retardavon Yo ey
Dy mgmentation Diffuse deprgmientation Bulbar hyperpgments
hon
Peak maidence. 18-2% mounth 3613 mouths
Sex distrsbution Fqual 14 Male to 1 female
Eye svaptoms
Congunctng This dry white Unwettable opaque
thick  Bitat spats
Cornea No afteration Unn ettable opague de
fects
Glands (lachrymal schum) Farenchyma affected Ducts affected
Mucous cells Less affected? Specsic affection
Assacaated disease
Predssposing Less specific easles hepatus acute
malatia taberculons
Intercurrent Dysentery broncho Same
presmanta

Nebody disputes that the vitamm 1 essential for matenance of health
ar for the stabslzation of tissues bup wts essential vole cludes the expent
mental bologist (Handler 1958) There 15 lutle mdication that the mech
amsm of action 11 scotome vision s comnected with fus witanua s more
general funchion of mntenance of the epithelial tissues (Nutrition Re

new s 1959) A sugeestion of Donhng and Wald (1958) on the refationt
stuup seews useful 1 this context The protesn opsia and the puter segments
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of the rods in the retna are stabihized by comsbination with retmene and
deterorate sapidly m sts absence The anthors suggest that many ussues
contan structural protems which are stabibzed by combmation with vitznun
A and that these abwo deteriorate 1 a deficency state

The conception that the acton of vitsmun \ witmately s to sabibze
structural protens mdeed may find confirmation n the chmeat avpects of
Nerophthalmsa m man The general manifestations of protem malnutettron—
retardation of growth disturhed kerutmation and atrophy of the shan
wasting of muscle resp 'y and smptomis fatts mltration
of the Iner and edema~produce 3 chiieal syndrome which m no wan
differs from the former aspect Advanced erophthaimm s dwans weom
pansed by natritraral dystrophn but there ts a categery of severelv mal
nournhed children winch does not show any sign of verophthalous Thes
are present i an environment which produces mmany cases of \erophthalmin
and they reprecent the majonty sn surroundings where uitanun \ 1 not
wnolved

Wathin the hmits of thew sigmficance the serum lexels m both confirm
the close comnection  In chnucal matautrition many levels connected wih
diet are fow ncluding fbusin and vitamun A levels 1n apparenthy narmal
counterparts sinmlar §,wres mav be found There 1s no regular corrddation
Between serum Jevels and the chmcal state 0 protem malnutretion thouyh
marough way Jor mstance i averages of groups they correspand | Prble
$1) Low fevels are 3 rule but the connection ss not close 1\ cluld with
20U of vitamun A may or mas not have xerosts Dusng treatment the
strum levels may not yet show a rise while the effect of vitwnm Y adiun
witzton 15 already demonstrable 1 the eye lesion \ ¢hild with hwash rhor
33 bave no signs of Nerophthalmia but still present low Teveks of vitimin
A (Serimshan et ol 1956) O sdmumstration of the vtarun the  crum
levels may not rise on feeding extra protein and onutting the suamug the
serum Tevels of the vitamn may nise ( Arroyave ef of 19973

In one preticulis case only a suntare of amino acids was given frr 18
4333 0 2 14 month ofd case with washiorhor Besides the scrum pr tein
Tevels vstamin A and cazotene wcreased {from 6410 3t p, and 1010 30
¥5 1espectively ) but the values for vtanun B; B C and L decreased
{Behar et o 1955)

he effects of vitamin A depletion are wiolent m mfants with herato

miheia The distusbance of the general state then 1 acule Just as 1 c1se
of nfantile benbess The frequent ocenrrence of heritomlicia 1 endemic
sursoundings suggests that often the child has low reserves and the brest
rulh Jow contents st least the latter has been confirmed  As 1n hwasinorhor
the toddler 15 the most charactenstic reactor but the slower exhaustion of
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reserves—apparently slower tha those ot the proten pool—cames the
chmic il mansfestations to occur at a later period  In the adult the relaton
15 more dufficult t5 estallish because of the frequent pre ence of fiver Ie 1ons
tn hts case the dystraphy 15 \umetimes not so pronounced

TABLF VI

AVERAGE SERUM VITaMIN CAROTESE AND PROTEIY T3y 15 Avd RAner
I NORYAL AND 13 ArFECTED ClILDREN

Classttcation Average

and age Carotene Vitamin A Alboman  Clobulin
number Gears)  (US%)  (AUS  (gm%P)  (am®)

Normal (16) 85 120 67 38 33
(7-30) 166-205) (8-104)  (2847)  (1840)

\erosts comuctinae 435 29 18 od o4
(1 (1y-16) (0-63) (0-49) (25-43) 2344

\erosis cornene 1 4 7 3 27 3
am 18 (0-20) (0~10) {1934 [*547)

Kerosys cornea 11 23 —_ 9 30 3z
<18) {154} (0-23) (25-35)  {(2840)

hera omitaca (10 17 - 7 17 26
(=51 (020 1213 (1940

o Normal chillren are apparently healthy subjects from a poor area at
Jogjakatta which regularly froduced cases of Xerophthalmim In the group with
Xerosis conjunctivac the cornea was not affected The groups xeross corneas 1
and 11 designat arwous stages of corneal of ections micludmg perforations  See
al o Yap ke Tiong 190)

With exception of sa e cases of hera omalicia m young fart and of
some fections 1n adults the chneal sequence 15 first eye signs afternard
generl mminttrition signs Chimeally st 15 beyond doubt that the eve sign
are primary as regards hvpovitaminosis A Theorencally connected with
the fess applicble evidence from nimal expenments structural changes of
a eenerat kind could precede them and create metabolic havoe which 1> not
yet chmcally de trable 1 thes supyp 15 currect xerophihilma
st ould be considerrd s one of the precursors of pretesn malnutntion com
parable to the protein catabalsty m acute wfections disease Hence 1t 15
evident that n a combmation of serophthilmia ind hwishiorhor there
would be no assoctated vitumn dehciency mn the htter but assoua o
protein deficiency w the former To prove the hypothesis that proteit ol
nutntion ss a sequel of vitamn A deficiency 1t would seem necessan U
demonstrate cxtabolic processes hefore they can be coused by protet
malnutrition "

The arguments 15 10 why serophthilmsa could frequently oceur m ?rute
malnusrition Beve heen symmed up by McLaren (198) as possb® con
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nected with (1) deficient absorption of sttanus 4 or carotene by bk of
enzvmes {2) deficrent comersm of crcotene (33 deficieney of blood
constituents able te carry the combmatwn free Adcohal fbumin e the
Yoad (4) rmpurment of hver storie and (51 dotrbed uthzton of
the it 4t the cellular level  However another possible mechamsm
secently came to the fore (6) The differences e stamm 1 d struction
parcer of red Llood cclls i cases of pure hnashworhor  nd of kwashicr
hor with verophthalmia  respectneh (Gopalan 1929)

Though every one of the former fine aspects v ould ment careful con
suderation even the confirmation of all would fail to explan why <o many
cses of kwashiorhor and <dhed syndromes do not show a trace of recog
mzable hyporstammosis X There » no Jack of argumemts epudemsolo
geall) why verophthilnua vy oceus The diets inohed are wsualh
paor m fat protem vitumn A Carotene consersion srimfestiy of nststutes
= speciat dronbach  But elnldren n some prrts of the warld develop
only one type of knnshwrhor while in other Tegons two cate,ones appear
the first besn, free of eve symptoms the second presentin, impres ne
eye damage Up ulf now the only further distinction between the tna
groupy 1s that m the Intter the specthe sex distnbution of erophthimiz
1y demonstrable nd that 1t occurs in a Jater stage of the development of
the chikd

D CorreLaTion WITH INFICTIONS

It 15 often extrumely embarrassing to dentde w a pavent whether wikec
tiony of the bronchrd sysem or of the intestine 172 2 can & 2 wanpton
a sequel of hypovitiunoss 4 armfe ted b the ese affecnon M three
passitiiies my, occur m an emvironment where viamr A g 3 mwtn
fictor There are howeser 4 number o neute unticus et e shich
regulirh appear as 1 determmant The svmptoms then angare 1 o more
of less direct sequel of the mitction \ i ea ¢ whh oft n ha Tetn 1 0
orte L this regard 1s mewsles 1t wis hirst mentioned by Tasher (1M
Of 1 senies of 46 cases Haro and Yamad s (1930) menuon 9 with nica e
the eve besion appeazed four time m the hest werk tore m the ewned and
thnce sn the thard to fourth weeh The previous dict hnd v abw i been
strhimp by dehowent m vt A The wero ts ¢t conjunctin and « mea ap
rs when the renmants of the exiathen suit we pre ent (11, 2% Th
tncudence depends of course on the peniodic appearance of the ura 4w
of muasles 1 In fonessa somesimes i followed by 1 wsor one  { Nercph
thilma (an Monee, 1931 The axglanopan, . prahis tho), an ateeads
precatsons halinee 1 suddenhy detertornzed b a disturtanes of the tore.e
(Wooand Chin 19403 Twedental obsersations of an aic mpamang, sl
00501 ¢ tner size froved b biopsy to be cumsed by treny nhfteticn
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PLATE VII

Infectious disease and xerophthalma
fic 21 Demale 4 years old Taberenlosis  <erosnis conjuncinde &t cornese
Tic 02 Male 3 yeats ofd  Clckenpox erosis comunctivae et cormeat

may visibly su,gest a decreased storage spoce Of the contagious Virus dis
eases of chidhood chichenpox (Fig 22) and hepatitis can Le added aut of
personal expertence In the case of whooping cough the pacture alceady
wnore complicated by the mached infinence of decreased food mtake An
miection m which epitheha) alteranon ore only distantly ncInded but
ver affection 15 probably smpostant 1s acute malaria (Fig 26) Prmary
phase tnbereulosis s 2 example from another category 1t differs from
shie fater stages 10 that at often behayes 15 an acute disease
Of these examples 1t could be stated with some reservatiort that they
Jo not produce sa often and so rapudly o state of general maloutrition 25
do amebic and Yacillary dysentery m wlich the chrome or Tecurrent (e
dencies especially 1n malnours hed persons are welt krown Chrome tuber
culosis and relapsing, matana—sn Chima f.ata azat— ate undernuming dis
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TLATE VII (Cos trnued)
Fic .3 Female 3 years old Measles xerosis conjunctsvae et co neae hyp pyon
Fic 24 Female 9 years of1 Chro 1c malara annular lver  rrhosis x o1
0 juictinae (Fye 13 shown i Fig 4)

eases of a different category tending to produce anemrr mlnuteston and
erop hthalnia either together or separately

The specific influence of some of these diseases would find an exphnation
n observations on serum levels of vitamn A Acute febrile mfectton cuse
1 sharp decrense  normal levels are restored after the temperature becomes
vornnl agam  Chronic infections 2t o cquse 1 decrease but the re toration
1 shwer and more 1rregular (McCreary and Tisdall 1953) Fyen in
adult healthy subjects artificial hyperpsrenia for 2 hour only caues a
hihly sigmficant decrease of serum vitanun A level (Mendez ¢t af
19

Swect and Kang distinguished between (1) promry or predisposing
dusord rs sepre ented by chrome illnesses (2) assocrat d or orrclat
disord rs 1n therr case (Peipmg) richets n 40 <% of the chuldren (3) ser
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owdsry complicaing diseases smd nsnally to be acute mfections They men
tion upper resprator) tract afectons ot mnusiis bronchiis apd
bronchopreumona but suggest that somte ot the e belong to the first groun
Actuafly 2 of 6 ot thut autopsies were on children 6 months to 6 years ol
who had s iffered from meastes Because of the supposedly present sltera
0D Ot the tssues an acute mftchon fike a bronchopneumoma with pyrexia
m2y adeed W called secomdany Of an acate cantagious serus mlection
shared wih many others 1t 15 more lihely that the atress acts as 2 tngrer
thw as o predispoung dwordet  Another argument for the provokwng
action ot some acute nfections 1s that the )¢ symptoms appesr rapt My and
somsetmes disapperr wathout speaine therapy Tt may be refevant that these
Virus intections act ot the ceflufar level on the ather hand the possibtids
that the primars effect mmy be pyrevsa alone should pot be riled qat It
my be well worthuhile to extablish by comparative studies whether somt
mtectious dise1ses have 1 peufic acbion on vitawn A avartability m the
tissugs or whether the Jos or nnavalability of the yarwmm wlmateh & a
sequel ok protem deprsyation  In Tahle V the chmeal simularties rejons
and dissimlarities ot xeropht ahma and ks .sh orhor have been tentatrsely
reviewed

Pallar {19397 insisted that fever 1 adults wath keratomalacsa was 3 £hat
actertse phenomenon On admsmstravon of cod Iner il or utumm A
preparnons 1t dusappeiced m 8-10 davs Saeet and boang (19333 geob
alhy in the same crtepory of battents reported that it was not wswih
present In children suffermg from sersons “erophthafnmg pyrevia would
find o plansible sterpretation i the mfections presént i 1 15 lachmg 28
m some screre of termmat otages this would mndicate a grave metabous
disturbance  [n fact during convalescence bowts of faver tutherto ab ent
may wdicite 2 return to narmal reactions Severa) imes we observed for
mstance 2 relapse of ynas mathna o the change of a Mantuus react 02
trom regatine to positine althouh 4 fresh wfection could be exclisded

Reviewing the evidence produced esther b climcal obseration s m2%
or by the extensne experience m ammaly e hive to conclude that hypo
“stanunosts A 1s fot prmarh 1 systeme dicease of the ectaderm of the
epthelim bt o wmetsbolc disorder The preditection for thee  pectfic
tissues and fot the eye tissues especially may be explamed by the mohe
ment of the vitanmn n ceflular structure or n stabshizutar of strtsetory
protemns

Infechon enther Jocalyy as a reachion fo epithehal le womy and pos
estendin, later on to hecome a gentral wnfluence ar extraneous < stestite
fection bath acute and chrome may well be explamed by the decrease
of vessrves of the dustarbance of metobolism It 15 evident that sot onh
the phsiotogy of vitaeun A 15 1mvo’ved hut afso that of protest

Wbl
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“The dfference 11 phenomenolo,y between protem e aserophtol mal
nutrton may witsmately depend on the turnover rate of protan mw the
former and the mntenance of structure i the latter

T PUISDNESS AND \EROYHTHALUIA

Though muay chibdren die n equathy consderable percentage 3065 bimd

or scoblind The fatter condition 15 another expreswon that the esits Are
often amymmetncal Leucomas staphylomas and phehisis bulbs are the tale
telling sequels 1 Jatec tife Of 152 miants wath verophthabma at Djakarsta
seported by de Hnas et of (1940) 44 becamse wholly blmd and 24 blmd
m one tye  In a series of 208 sunners of Bleguad s cwey 27 ¢ went
Wnd 23 ¢, had a greath reduced vision in both eves and 35 1m ope eve
nd moonly 14 % recovery of both eves wnbuut any reduction m Vision
resufted Much depends of course of the stage a1 which the § atwent 14 sten
I the plusicrn Postponeruent of treatment for 1 du ma make 2l the
difference it 15 not so much shiilful treazment thie the patient need s
admunsstration of sit2mn A tune by the hrst persen wlo uspeits the
ehivlo,y St many mothers do nat realize what s happenm, bebmd the
elmed evelids of the toddler whn hardly comg lams and if traned hedp s far
anay or expensne 3t 1s the child who t gang to pay for the onussron with
Ty 11 jon Blindness and mortwhiy 1re steady parinery m the afteemath f
serophthalmm hence 1t 1 Gffenlt w jeige sumencdh the wats ty phic
ecnstquences An e of the beinn,, on the problem of blidoes wiw sth
ern Sunnitrs apy ears {rons the figures of v Mamess (1238 who extende !
expest ophthifmolagicil eare far mto nine rurtd e Amom,, the m re
errags eye sfihetion he mentiony the followta, number of (2 arophu
bulln 204 gaphvlonrt wntessor 65 macule cotnere SZ7 heratmualin
Ny trchomy 407 cataract 235 prengram 74 chororetnan 00 Ot
the fiest four entcgonies probably most of the c1scs would be or hive been
eonmrected with ezophthrim OF 603 sem Shrd be v enbed 1321t
afbictin of 4\9 totalh blind 123 Very mmeh sunthic egast on the
causation of Ulndsess m the state of Rehwtan (Malua W bun
teported by \ckhes on (19061

1 MoRTALITY v p NERAIUTHALWIA
The condition mny be present for months without much disturbinee
sworant schootehild but w nfant with heratonnhion merraling 1 thrm
gl Begh Yo dbere 1 v mwre oF Yesn diTert relacn between, dhe depren o8
the exe levton and the state of the chuld {more w0 than @ 2 lakey e rtality
will vary wuih the severs of the affection Of the extuples mients ned
B of de B (1940} crees ched nd ot Blegyaly (19241 24 s
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withont adequate help a chuld 1 the stage of perforations of the cornea
often would not survive for more than a few weeks we reahze how by
the share of annwal mortality can be attributable to this cause 1f in a
given population 1 $o 15 tound to be affected by the more serions lesions

As to the fapse of tume between the appearance of the corneal fesions and
death which in ns mfant cases was 4-15 days Blegrad (1924) rensarhed
that the shortest survnal time was 1 the ofdest infants  The vulnerability
of the cornea declines with icrewsing a,¢ 5o that 1t may easily be sup
posed that the necrosis ot the cornexr with the somewhat oider children
does nat 1ppear until the last stage of the ~erophthalmia~shortfy betore
death  Thns supposttion does not apply to adult cases who often surine
(Dillat 1939) Neither does 1t concern localized perforations m corneal
~erosis of toddlers Tt may indicate a spec al pattern which applies to
heratomalacta in fants

VI The Diet

\Much as we hnow about the dietary factors by which artiherally specific
lesions can be caused in expenmental ammals usually our knowledge bout
the diet which precedes the maniestation of xerophthalmia m man 13 Irmited
and vague Tlos 1s very regrettable because the pattern of development of
man being umque his digestne physiology cannot easify be matched by
mmmal counterparts and the sociology of the acqusition and preparation
of tus food 1s very difficult to mutate m the labortory

Although 1 environments where only sporadic cases oecur the emphasts
15 on metabolie disturbance 1t 1s diet which 15 mast important i Tegns
or period with endemic \erophthulmia The difference cannot be exatly
delmeated In the former 1solated cises occur nduced by an abnormal
diet 1 the latter secondary metabolic disturbance 15 by no means to be
neglected There 15 hittle cause to msist on the compostion of diets which
canse ey¢ symptoms 1n patients with Iner cirrhosts cystic panereas fibros s
or coehakia More mmportant from a health viewpomt 18 the aluertary
brckground of tropical hiving conditions Why do some environments pro
duce many cases and are they rare ef enhere?

\orr (1904) explaimed the hundreds of cases that he obsersed m Japm
by the sudden transition from breast mifk to a diet defictent 1 fat whdt
espectally prevailed among rural children producing mo t of the cases The
effictency of cod liver ol m curing the condition suggested the e of a
fat deficiency Diarrhen he stated would ageruate the fack by decreast,
sesorption Mor noted that the diet usally conststed of barley not e:cﬁ
of the better rice which contuns relatively much fat  four ard yegetab'es
but no cow s mih or meat In the coastal regions where fishing 1> prac
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uced the affection was of course a rarny Thi type of diet shoutd be
rememberced becanse we will meet st agam Very hhely 1t was peh m
carbohvdrates poor 1 protem and fat with no real vstamun A sources
present but stlf contaunn,, carotene

A Pangsry DIeTsry DeFiciencies

In the extensive series of observations on xerophthalmn of Blach (1919
1931) and Blegvad {1924} we are confronted with the hest accurate study
of the det of the subjects Bloch beheved that a comman factor 1n all cises
was that the patients for 2 more ar lass extended period had been deprined
of whole malk  His most sigmficant observation concerned the derelopment
of B enses withm one month m ward B, of a children » home

Ward By and B, each accommodated 16 mfints The diet conwsted of
breakfast—~oats gruel with biscusts or beer soup with some whole aulh
tunch—porndge or butternuft soup oats gruel frun soup and now wd
then wmeat soup with barley bessdes mashed potato sath fish or mnced
meat tea—coeoy with bread and margarne supper—porridge and bread
with margarme The mith used for the prepasation of the porsidge and
ncor was pretly defatted (halbentfettct)

The only difference between nard By and B was that the nurse m chrge
of B gave outs gruel and biscnts for brehfast and the one of B beer
soup and whole nulh The nurses were allowed 31 cose of drarvice to oang
the beer soup (plus whele mdh !y In wird B five chuldren did ot mereasc
mweight dating winter m ward By ten In May eight of the ten in ward
By aged 1% 10 4 years were afficted with nerosts Two had recenthy suf
fured from measles one from br one had whooping crugh
and twa had tubesculosis So 1t was not alone a dehcient diet which pre
ceded the eye affection!

The remaming detmls rmke 1wt clear that the children prombly had
enough calories and protesn but that thess food was poor an {3t vitwmun

\ and carotene The diet resembled an expertment of seserat months dur:
tion Trom ather caces t00 1t 1s apprent that the only probnble source of
utimn A for mam Damsh children at the tme of World War 1 was
whole mulh not vegetables and that this hnd been substituted for shanmed]
mth A3« confirnmation of the ewperiments of Osborne w { Mended (19281
% was 2 most dllurmnating experrence

It does boweser duffer radicath from the dietary conditins prevuling
i the Tropics responssble for the frequencs of serophtbalmer 10 | uropean
sursoundin,s 1t was practicatly 1dways the battle fed miants or the widdiers
oA amtititiond et who were affected In Japon Chima Tndn and
Talanesns few smiants are or were botth fud and cow 5 nulh with of with
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out fat 15 not part of thewr dietary inventory  Albext i 2 meyger quantity
these mfants recerve preformed vitamm A only with breast milk

B Correration witn Carorene INTare

Apparent correlation The carrelition of the madence of Bitot spots
seems acceptable m some studies of Avirord and Kajagopat (1930) m
South Indta and of Rlerh (1956} 1 Indonesia Both compared the mt he
of school bovs with the presence of signs of mainutrition 1n poor and better
off surroundings The former authors found 63 % i 1 poor school and
1 % m a better class school Klerks found 456 and 09 e pectinely
In both studies the staple food was milfed rice with small quannues of
egetable and hittle or no nulk mea and eggs The most strihirg differences
were with respect to cafories protem—especialiy anmai protein—~fat cal
oum and vtmins A B and C 1t should be noted that m hlerks cases
these sntakes were matched in the 1verages of groups with correspondin,
values tor yitanun A and albunun i the sera

\an \anen (1936) compared two regions 1n northern Sumatra In one
a commumty of recent wnnugrants subststing matnly on Ithotiau Iy trans
ported rice and dried fish xerophthalima was rife among children On the
1shnd of Nias however among 2 poor population consumin, yellow sweet
potatoes as a staple foo { instead of rice no evidence of the disarder «as
discorered

Doubtful correlation In a group of 436 children aged 1 to 12 m 3
number of labor cymps Aykrovd and Rrshnan {193b) observed svmptams
of eraphthilma 1 27 & The diets consumed 1) vear groups -5 3-8
and $~12 were estimated to contan about 450 pg 710 pg wnd 780 pg of
carotene respectnely They concluded It tollows that optimum requre
ments of carotene must exceed that of the diets presenbed and the estal-
fishment of a  sub nummal figure of carotene ntahe assocuated with
defictency symptom  may be of use in practice

On the ather hand van Veen ¢t al (1937) found that simbr mtahes of
carotene as onfy source of vitamm A m the diets of adult prs oners Bere
sufficient to | roduce serum leyels of (arotene and vitwmn A comparable 10
those of well fed Europeans "

In ~nother mvestigation m pupils of residentsal hastels Avhrovd an
hrshnin (19371 observed 0-23 “o of subgects with Bitot spots Suppos
g that the spots were a manmfestation of avitaunosts they “ff;
not able to discover a relation between vitumn A Wty of the diet an

4

the madence of the eye lesions Possihly the children already sho\sedr;l:r
o 1

same lesion at admussion resultin,, from deficient feeding w the Q{Jo o

\eirs of childficod The mstitution where the ughest nodence was
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{B.} was a home for destitute orphans In the hostel o which the vitamm
A activaty of the diet was Jowest (vitamun 1 gz carotene 200 pg) no
ca s of Brot spots were obseried  Tn athers cses were present despe
an imtabe of 1500 pg even wath the inclusion of sheep s hver once or twice
2 weeh The diets of both examples 4re stated to mchude abont fO gm of
protemn and 25 gm of f3t datly {see Table VIT)

Conditioned rorrclation Cestan results obtamed during exten ne ur
seys 1 rueil West Jasa may Hustrate the difficufties i coflecting ade juate
wfarmateon on the hak between itk and dwet (S alat
veport 1M0) One of these concerned a district where nom cases of night
blindness and verows had been reported to owcus L fortmght later the
populatson and especialy the children were exanuned At that date eleven
{79 ) of the cases enginlly reported had dred and of the cluldren ex
amwmed twenty four (609 ) died shorthy afterward 1t s very probable
that most of the affected had suffered from disenters ang balf of them
stll were sick {fever dyvsentery edema bromchitisy It s worth noting
it tn the fanuhes evamuned 75 of the deceused children find died
hetwern 1 and § vears of age wnd thar 58 of the chifd martality m the
& trict was ascribei to mtestinal affections

Afterward the diet was studied n fannbes of chuldren presenting vero 1s
and Batot spots and m fanubies without these affecttons The gros ekt
are mentoned tn Table \ 1T {cubhead 1\ b and ¢d Intm willa es the
per capita diet of ten affected famiies contune ! each 250 pg of cirotene
{rmge BO~500 and 170-3t0 pg respectnedhy ) and of ten fimbes wathout
evidence of Pitot spot 400 1nid 250 py, (range 100-660 and 150~330 pg
respretnely )

The diets of the tha groups did ot differ spmficsnth The det of
ndividu] children could not 3e deternuned but i wmples the carotene
sonrees {mo tly feafy vegitibles and sweet potatoes) were con umel fe s
1y smalt children In cases of diarthea the diet was often dnuted to Tice
«aly Mlamy mothers were platation worhers an ther dbsence an vlder

uster woukd supersise the nutnton of the small chuid

It 1y teay tin,, 0 ccmplete iy story Lo fr norml condimons the fow
smithes su,pested by the hgure  wom! et be suflioent to prevent xer 1y
2w hemeralopn The Jow T3t mithe md the absence of jref mmed sttanun
are unfrsorable frctors In period of tress ok s that vuasedt In 3 wae
of micenons diaerhes the D veires of vt A are exhansted amd
the consumption bsorpties o Lmner o of cirotene ts Enturbed This
may b the case even when far greater w s of carotenc are comumed
than i the anstanee cited

In 2 sty of the thet «f particubiy group that regubrehy produced a
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number of xerophthalnut cases throughout the years at Jogjakarea (Yap
ke Trong 1956) the potential smtake of 1ataun & was sometimes as high
as 270 g, or as Jow as 530 g, per dav All the vitanun ) actmats had to
cume from carotene The average intahe of a control group of physseans
cluldren among whom no evidence of \erophthalmng could be disconered
was 1330 pg but 23 55 of 1t was preformed vitumsn A (Table VI subhead
HI)

C Corgeration with Lner Fuserion

Inan accurate survey  Nicol (1949} tned to relate the intahe of Nsgunan
farmers to evsdence of vitaman A deficieney Ose roup consumed eight
times as much carotene (3100 gg) mosth from sweet potatees and man
goes as the two others and twiee as much fat (43 gm) There was 2
strking absence of corneal opzcities and hemeralopsa nt the frrmer The
wodence of lwer airchosis an all three groups was wgh (15 12 and
7% ) and the correlation was so high particulardy for corneal oprcties

2s to smahe 1t doubtful whether wamen A defineney could be considered
as the prunary cause of the festons 4 poswible explanstion 15 that Iner
disturbance 15 an snnbitor of carotene uthization and that corneal of aciues
would deselop at a tow age f this was suboptimst

I Correramion wrry Far awp Provis InTane

3 superfienal review of mauy poor diets of the Tropics shows that they
are wsually fow 10 protemn and fat Hence 1t 15 natural to suspect that the e
aspects w1y be coresponsible for the avadability of vitomin A from carstene
When eonsidering the relation of protem to carotene utlization we du not
geeven far before becommg m ofved 1n the apparent hink between +itannn
A deficrency and protemn milmstnition (see Section 3 C) On reviewing
the evidence of the dependence on fat moreties of the diet 2 valuble hint
wy be derned from the relatine absence of xerophthalin sn mam  Sfrican
Tegons where red palm oil 1s an impostant dietary em Cararene 1 there
offered w greater quantities and 15 4 more utifizable form (W d cn ot al
193/) than w the diets contummng covhed vegetable wnd htthe {at ¢ mmon
0 mim ather segon

It 32 mieresting 1o note that \ndre and Ganzm (1954) behore that an
“bundance of 21 and of caroterie w the diet could protect even a,-unst
Trotun milutntion In relation to diets contaumng 37 g prctewn B gm
£ and 3000 #g (") of carotene daily they found absence of the kna
Srorhor syudrome tgh blood Tevels of sitymin 3 (254 U and carotene
&4 3U) amd signy of iy peratarmmosis A m childeen

Sunveys of per eapi corsumption offer bittle exglunnon epecually t ¢
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pumbes of verophthatmua cases throughout the vears At Jogyrbarta {Yap
hee-Trong 1936} the potentiil stahe of vatwmn A ws sometimes as b b
28 2600 pg of 35 Jow s 530 g, per duy M the citanun % aomaty bad to
come from carotene The werage miahe of 1 control group of phsicins
cildren among whom no evsdence of \erophthaimit could be drcorered
was 1330 ug but 23 <% of 1t wis preformed <itamun A {Table VIl subliead
)
C Correration wirss Lk Tusetion

Inanaccurate surver Nicol {1049) tried to refate the wtake of N ern
farmers to evidence of witymin A deticzency One group consunred eight
tumes as munch carotene {3100 p) mosth {rom sweet potrtoes and man
goes as the tuo others and twice as much fat (44 om) There was a
wirung absence of corneal opraties and hemerslopia i the former The
werdence of Iner crrhosts g all three groups was ligh (15 12 and
75 and the it was so ligh partcutacly for corneal opraties

as to make 1t doubhtinl whether viumn \ dehesency could be conadered
2 the primary tawse of the lemons A possible explanation v that heer
disturbance 15 an intsbitor of carotene uhlization and that corneal opicities
would develop at a Jow age 1f thus was suboptimn)

D Cornerarion witn Fat vwp Provrss Insang

A superfien] revien of mny poor diets of the Tropies shous thet they
arz wsually fow m protetn and fat Hence ot 15 natural to suspect that these
2spests may Le coresposimble for the avarlabiity of sitamtn A frm errotent
When conedersny, the relatian of proteis to farotcne utshzanon we do not
get vesy for before becomm,, wmvobved in the apparent bk between vstanin
A deficiency and proten mfnutrition {see Sectton V- C) On restewing
the e Jeuce of the dependence an far moseties of the diet a raluale bt
v be demised fron the relative absence of xerophthalma w many Afscan
regions where red patm ol 13 an impurtiat dietirs e Carotcne 3 there
offered m greater quantitics and m a more wihzable form (Walson ot af
47343 thn n the drets conmaining enched yegetables and e fat o mon
™ mny other regrons

Tt s anteresting to note that Andre ond Ganzn {1934} beliese that an
aln lanee of fat and of carotene m the diet could protect even aganst
Proten milnatnition  In relation to dicts contmmng 27 gm protan 56 gm
fat and 32000 pg (1) of carotene daly they found absence of the haa
shiuhor syndrome hugh blood levels of stamin A (284 1U} and carotene
(87410) and ssigms of Iapervtammnass A clildren

Survess of per capitr consumption offer hittle explrnation e pecsally for
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a problem of toddler erophthalnua as 1t exists 1 Indonessia Oomen ¢ of
(1954) tried to assess the diet of a toddler population m 1 poor district of
Djalarts by deternuming ption frequencies Sut conditions
there were linuted 1nd monotonons Three per cent of the chillren suffered
from \erophthafmia ncluding serous degrees The diet of mninourished
subjeets proved to be much inferior to that of their healthy prrtners The
consumption of protein sources (fish soyvbean 1nd pewnut products) and
carotene tich foods (ve,etables yellow frmts) was much better i the
fourth vear of hife than m the second These preciaus food tuffs even if
present 1n the 1dult diet were not yet given to the youngest The per capita
comsumption of carotene was estimated at 330 i, per day Lacept m 10%
of the cinldren who recened wrregularly small quantities of egg and mith
no vitmmn A was CO“S\lH]Cd

TABLF VIiI
T eRceNTAGE of Srectan Foobetuivs Bestoes Rice n Tee Diet v 8 Uneas
Cases OF INFANTILE MALNUTRITION

Diet hthal (51) Mo bthatmia (31)
Daily
Bread 40 50
Sweet potatod 35 3
Cassava 3> 35
oy {roducts 40 B
Banana 55 62
Breast mulke 20 2
Regularly not daily
Meat 30 30
Fish 2 15
Green gram 20 40
\maranth? 40 20
Other green vegetables? 35 40
Yellow frutsd 2 30
Cow s milk 10 8

In Djakarta {Qomen 1953}
b Carotene sources
Vitamm A sources

to distnguish between the det of
t werophthalmia (OQomen 1923}
As to the questionable
¢ that one third of th*

In another survey a trial was made
malnoursshed toddlers with and withou!
The result was essentially negative (Table VIID)
provision with vitamm A it 15 mteresting to not
subjects with xerophthalmm consumed carotene sources regularly
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L Coswments on ToF \ \ g 0 CAroting

“The first to remark thit crrotene m wpprecrible quantities occurred m
the dict of xerophthalinrt victims m Indonesrr was Tipssen (19504 Haw
obeervations segarded rural cluldrin (Atchin) He wan 5o mpre sed wih
the expertence that he spoke of aprexit of the {pro) Vit wm wnd i,
a dntmction betneen herdomnbacta i breastfed mfwt a2 deteency
@ ease and serophthalmia m toddlers as 4 con tawtonsd dises o bevww ¢
the fatter occurred only 11 some of the carotene consuners

Puople not con nmin,, milk wulh products e gy o e have i g roduce
thetr vitamnn A from eatetene I they do not canstenic green vegetable or
velias frosts ete the way 1 open to mantlestations of deticiencs ter s me
sonlf dependent chuldren or for paople not g aices o e etable  the
o 3 fhusible exphnton

As cwrotenie m the groen Tropses 1> ommpre ent and t «on e b
vanang guantities the problens for the mgonty of the exses wax not be the
ah olute quantines but the efficient utthzation of ty sitamwsn A wree it
thts 15 Joss than expecterd from thearetient con whortion 1E M eom pru
et ta rane the recommended Howance up to wn 2l detined ety margn
bt the sowentifie approach would by to bnd our the reren fir the § cc
utfization Thiy 1y 2 problens of enunent smpostinee m e 7 tour R
anf one to which ntherto Ittfe attention has teen fod The jrecedm
swdies - peial groups or m closed commune  Lne s me W whore
toJook for sofutions but 3 sald answer can most probabh be progt ke tont
by ndinadual diet stacies On diets contammg rea nible quintine ¢
crratene fat and protem the cccurcence of xcrophth i 3 vy wnw ik
1t 1> apparent that m mam sndinrduds & meager quantan af cactene saf
fices to protect aganst verophtindnm wherew . ome 1 relanely large
quantsty fad 1o do so

Though there re obseure or controrersial points regardm,, the le s jr
Perous troprcal trets the dietany aspectsy of xerophthalmn ther are ait 2
prollem of preformed sitamn L mtahe but thes tre pirth one uf sl
shibty of carotene ond parth a problem of utthzation of the provitanma

T Isosprgivy anp Resgrves

A smdirect andication that among people who are able o by the more
S¥pemanve foods fike tinned anth eg, s and meat xerophtbalmn doe not
ocur may be derved from o comparison of the mcdence 11 patents £ the
Tenate practce and of dhe pobichme of the eve ho it e foguabarte
Whereas the polychime produced 300-200 cases vearh duning the fut fve
Jears not a single case was present among the case hustnie iscm provate
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practice Mor (1904 1922) had a parallel expertence Japan In the vear
that the consultation fee was raised the percentage of cases treated was
considerably below the average Courberes (1935) stated that hemeralopia
(in Trance) sarrete devant Je galon A similar remark was made by
Touwerier (1923) about nightblindness i plantation laborers 1 Sumatra,
In young newly mmported Javanese mghtblindness was rather common
1t vamshed as they became better off It 1s mteresting to note that m coun
tries where xerophthalmia 1s endemuic thus situation exasts This prechudes
to some degree any considerable influence of genetic factors on the prev
alence of the condition

Erratic and indirect the dietary evidence may usually be yet there 15 one
conclusion that we may safely draw Inareas where vitamm A 1s regularhy
consumed no endemic <erophthalmia exists

The envilian European internees during the Japanese occupation of West
Javad to subsist after a period of two yeats of slowly increasing scarcsty
for exghteen months on a diet of less than 1400 calonies—Jess than 15 gm
protem and less than 5 gm fat on an average A certmin amount of cheap
greens was inchuded but ammal products were rarely consumed Thousand
of cases of edema and pellagra developed few under 10 years of age No
cse of xerophthalmia was reported not even in the children born at the
Dbegumng of the internment peniod Therr early reseries were appasenth
sufficient to cover a stretch of several years

VII  Occurrence
A Acr DisTRIBLTION

Consideration of one of the outstanding aspects of the eprdermology Ui
~erophthalmia the relation to age 15 evidently essential for understanditig
the nature of the affection

The panents of Bloch (1919 1931) and Blegvad (1924) mn Denmark
were characterisically infants less than 1 year old Those of Mor (1904}
and Qomen respectively 1n Japan sicty years ago and in Indonesa now
were toddlers Those of Pallat (1929 1930 1931 1939) and Sweet and
K ang (1935) 1n Chin were young adults

In an emironment where hypoyitammosts A 15 endemic mfants tod
dlers schoof children and aduits suffer but the affectun rate differs wsdel}
Pregnant women usually considered vulnerable apparently suffer least

The epidermology of <erophthalmia tnvolies the consideration ot; the
Iife span \\e should remember that large reserves more than are ab ! 3{:
parent use are stored 1n the normal hver of adults Tt1s hardly po <lr1 e "
evhaust them by omutting vitamm A or carotene trom the dret tn huma
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expeniments to such a de,rec that \erophthalmia en ues The shortest tue
reyw od to acliese wcomplete depletion s mdicated by serum le e 1q
adalts w1 the Sheffiekd expertment (NMoore 1997 was 400-300 dws I
aien of this we must conclude that the vitamm \ status of many persons
m the poor regions mn the Tropres at Joast 1n certym 1.e groups nwst
differ fundamentally {rom that of regulir constumers af the preform {
AR i fro perous regrons This pay be one of the fundimental 1 pects
of the difference m nutntioml state between well fed and some dll fel
pop ! ons

It eems natural to divade the t pes of xerophthalmia according to certain
@ pects of etiology  In practice this boit down to age groups

B 1 rFy 1 \FROIATHALMIA

Mam authors ansist that this type 1 severest and mst wcute o oy
ample of the distribution as to degree at [>w age from fogsaharta 1 gnen
1n Tabfe I\ Mot of the ob trved eases ate heratomihesa but wa b dilien
mspection less sertous cases can be ob erved The etiology 1n the hrst year
of e 1 rather sared

TABLY 1N
SHEum or 33 Con £ LTIE Ca F5 OF \ER PHTIHALMIA AC OKDING
T0 A F {Jo JARARTA)

Age (mvea s

Digree of serophrhalmu t b ot !

Trevero 5 o o T 1

 rosis conqunctrvae 4 B tot spots 2 3 3

\erosts corneae 1 5 o 0

Nesoss comeae pecforans i 9 4 !

Reratomalacia 3 2 0 0
Tota) cases s ) 4 5

Least d fieult 15 the interpretation m artificrally fed infams (Fy 279
The cases of Ploch {1919 1931) are classic examples They repres nt the
rarer instamces of a primary deciersy  Such 1 es may oc ar m th
T"“X’cs ol earbohy drate foodstuffs are given nstead of brewst or cow s
'k In some towns of Tadonewa artificral feeding was responsil le for the
bulk of cases of xeropbthalmea observed m mfnts (van Stockum 1938)
A spoal sarrety was represented Ly the scores of cises 1n Indaneswa
Yelrre the dast war when wertened condensel shimmed ik appoired
o8 the market which because of the fow price ousted the tinncd whole
milk (4 Hazs ot o7 1940)
kt::: ar¢ hanever brex tfed children wha within a short tue deselop

3l Sometimtes their mothers show Datot spots but casts hne
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PLATF VI
Infants with xerorhthalna and aftes healng
Tte 2 Male 5 months old Left eye hthal nght eye k I

and phthisis bulbr Partly breastfed child
Ft¢ 26 Male 25 days old Keratomala 13 after primary malaria Breast fel child

been described also i mfants of mothers in perfect health (Goll 1942
Corcos et al 19%3) Ina fen heratomalacia was already present at bt
(humbaur 1922 Maxuell 1932) As both are exceptions we will foregn
their tnterpretation Our impression 1s that m ensironments where <eroph
thalima 15 rife the number of breastfed infants affected 15 relatnely large
Prematures and twins are re,ularly present among the cases In a fen
the mother suffered from Iner cirrhosss or the condition deseloped afte
malaria or tuberculosis (g 26)

The mothers n question must dernve their vitanun A also from carotene
In two of three breastfed cases of heratomalacta of de Hnas and Meuwlemans
(193%) the mothers nulk did not contun any vitammn A 1n the third there
was 14 TU the blood of the mother containn,, 18 1U The average canten®
of matare mulk of Indonesiin and Chinese mothers was 60 TU per 100 m"
camparable mean values for I uropean mothers in Indonesia would Le 22
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15 the most smportant and homogenous vanets There 1 2 peak m the third
and fourth year This 1s later by nearly two years than the peal, modence
of hwashiorhor (Comen 1955} The type of \erophthalma consdersd
here 15 an affection of toddlers who hwe been breastied for a considerable
time Most probably thns ss the eptdenuclogical variets which 15 of ytmot
amportance 1 South and East Asia Tt probably compnises 80-90¢ of o
cases and althongh not always as severe as mfant werophthalmn at canses
more harm more deaths more bhindnews and more lencomas A person
gowng blind or semublind 2t the age of 3 or 4 years m certain environments
almost certundy becomes so because of \erophthalmia They are the sub-
Jects of the grisly pretures of Tyssen (1940) from rurat Atchin and the
heen observer can mest them daily mn every town marhet or among the
dock workers of Indonesa

It s difficult to mndicate why there are controversies among authers
about the highest prevalence bemng wmong young adults {Sweet and hang
1935 Piltat 1939) It may depend on thew pomt of vantage whether at
wmspectimg schools or m charge of = childrens ward or of an eye depart
ment A shght affection often would not mpel the patient or his caretaher
to sech medical help and therefore would go undetected On the other hand
it 15 laborwus mdeed to screen a popufation seehng for a few per cent
affected though thus already mdicates a serwous health problem

The special burden of the toddler m respect to verophthalmia as distinct
of that of the fant was demonsteated by Mort (1904) 15 Japan A com
panson {city data) between the endemics m Denmark and Japan sespec
trnely clearly indscates thiy particular aspect As regards Indonesia three

depend series are ¢ for cach Ny showmg the same
tendency {Table \) Smaller serses from India (Rarnan and Sen 1941
Sen 1954 McLaren 19356} produce simstar evidence

Common or probably common to all these groups 1 a diet without msth
and eggs with & hmted quantity of mostly vegetable protesn and fat and 2
vanving mtahe of carotene 1f red palm oil 1s popular 2s 1 many tegiens
of Africa the problem s apparently absent On the other hand 1 Ruanda
Urandi where 1t 15 not popular Roels ef of (1958) studied 2 veroph
thalmia problem which was uot infrequent m older children and adults
but severe degrees were not observed i toddlers by the ophthalmologist
of the team

A study of the rehton of the diets 1 1ar10us Age groups to serus o
of proten vtanuns A and E and carotene could perhaps help t\’pl-ﬂ[ﬂ ‘]
preference for the toddler period As a rule vitann A and carotene cwﬂ:
are low m the voung and mcrease sfowly with sge An example 1 differer
prosperity groups of Central Java 15 gnen n Table AN

m fevels
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Ri e occuptes an outstanding positton 1n the et of the countnies of
couthern and eastern Asix It 1s often pre ent as 1 very exclusive staple
food and if the obvious alternatne to sttanun \ 15 not taken the potency

TABLE \
PeRcENTAGE DISTRIaL Tt0\ 0F \EROPITIIALMIA ACCORDING TO Act GROUPS

school Young o

Infants  Todiler age adult adult

Orgn? Number toljyear 1-5 5-15 15-% 25+

Ching (1) 203 150 170 o 410 200

Indy e (2) 6300 43 730 136 38 39

Tadia (3} 36 30 830 80 30 10
Tnlonesa {4) 8aa 54 832 64
Indone 12 (5) 1660 20 800 180
Denmark (6) e 870 1no 10
Japan (7) 14750 22 748 230
Japan (8) 160 [ 760 240

Number i parenthieses refer 1o the following sources

(1) Sweet and hang 193> (2) Qomen 1957 (3) McLaren 196 (41 Oey
Rhoen Liang 1935 (5) van Wssel ngh, personal comnmun cato 1958 (6) Blegrad
194 (7) Mo 1 1904 (8) Hiro and Yamada 1936

¥ G oups of children only

TABLE XI
INREMENTS 1N SRt Virasrs A wiTiz TNCREASING AGL WITILIN ( ROUE
oF Dirrrent Pro prmmy (CEnTRAL Java)

0~ 0 IU  50-100 1U 100-1 0 IU 10 + IL
- o - o

Ape umber
Ehy cans fam hes®
513 22 ) 3 3 36
152 18 0 3 4 [
Farmers fam es
125 2 69 3 0 0
154 50 18 57 30 0

Sexdist tution about enual
® Sat factory diet see Table \ 1 subhead 11T
Less sat sfactory diet fair carotene 1> averofhtol (Gunung Rijul ‘an Veen
ani Lanaing 1949)

of the diet must be very Jow It may not gtve the mothers or therr newbnrn
nfants adequate Iner reserves or 1t my 1n some w1y hamper the utihza
tion of carotene

Acurve sinular to that of the incidence of xerophthalma could often be
Produced by plotting mfectious disease m toddlers relative to age We re
mind the reader that ~erophthalmia ts a steady partner of the acute and
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el chronw wfections of chldhopd On the other hand this » 2 annarsal
mfluence whereas the prevalence of verophthalmia apparenth, vares

The distract grnt wse of cases 1w the toddier pertod su gests that there
st be a defimte widespread agent m some regons and not m others The
sather Iite appearance of the bulk of verophihalnia cases suggests that the
reseryes at Invth and the acqusttion by suchling fast a long time and prob
ably are not compensited before the cinld obtamns a more sdependent diet
The shape of the frequency cunve does not conform to the rate of grouth
and therefore does not sndrnate that at thus age there shoukl be a vequue
ment higher thap thay dictwted by body miass

U Scuwoon 4Ace \Erosts

The more manigeable schanl ¢nld provsdes an easy subject for health
examumtions including those for \erous Bot ff the age dustnbution 15
sttlar m s emronmient to the pual evamples shoun sbove the ob-
server will muss the mo t sertous mansfestations of the sffection The char
actertstie feswon of the schoof chuid 1s seroms conguncinae wirh Belot spots
At that stage Ins health will not uswally be poor Obviously chuldren vith
perfarated ulcers cinnot attend school

Sull the school chuld with Putot spots 35 some fand of mdicator of the
witanmn A stitus of the commumty He 5s able to and ofters will conlas
ahont mzhtblndness He ss more molade an contrast with the affected
toddler who hides at home

£ Apur? \EPORITRALMIA

Although serrons degrees mcluding beratomrdacia occur at amy g8
they are dehnttely rare after puberty So far as the chmeal hustory of the
subject 1y hnown the prevalenre of finer doea ¢ "mong adult cases ¥
strthin,, This ofterr smvofses patients who huse or have had cteris On
the uther hand nutntionat edem or emaciation m adults 15 a les constant
compamon to the ffection As 1 whole the nosnlogseal b-\ckgraxmfd w
segions of endemietty dnes not differ except m quantiy very much fram
that m cases reported 1n well off regrons

\n apparent esception 1s a large porbon of the accuriteh smdxe'd ;mi
of Pillat Sweet and k ang (1935} and others m Chua Sweet and B;‘;
state that the increased merdence m the second and shusd decades can .
esplined by the nmber of soldiers and apprentices seen with the d:s:;}ser
They constitnted sppronnately 40 per cent of our patients and t?,m"d
with students comprised 90 per cent of those an the second and I,
decades of lfe  In the studies of Loewenthal (1935} no precee
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B The condition 15 well hnown m the regron The ongin of the paterts
reflects the distribution of halutants of the urban districts As welf gy of
the densely populated rural regions 3Most patients come on ther own 1
centrve Less senons degrees 1 older patients nonld perhaps not so easth
find ther way to the hospital The ophthalmologists i charge base for
generations been interested m the condition As far as hospial stastes
can be smpartial this one for our purposes seems free of disturbing bus
{Oemen 1957)

Of 6300 case fustories studied 267 were those of infants less than 1
vear ofd 4715 todellers I~5 yerws old 806 school age children 5-15 vears
old of which 483 were 5 or 6 years old 203 young adults below 25 vauns
of age and 240 adults more than 23 years of age Diery case present m
yeur groups of adults 15 matehed by 150 occurnng m the toddler penod

The problens of hemeratopra eannot be discussed here n all sts aspects
because the tropwent features appear less specific and less maportant As
regards the adults some attention should however be pad o epdemc
sughtblindness Birnbacher (1927) after an mtenstve i estigation of (ases
m Austria stated that wonten between 20 and 56 vears ofd suffening from
mghtbhndness are never affected by “eroms The maxmum wadence 1
male> oecurred at about age 19 n females generalh between 10 and Iy
vers of age  but i pregnant wormen between the ages of 20 and 30 The
male fraction was 88 % Only rare wstances of «eross 1n preguant women
have been mentioned {Laffont ¢f of 1950) After delnvery hemerabopa
ceases Awmong the Jogjaharta cases wath verophthalmia mentioned abme
there were only two pregnaut women both sufferng from lner diseast
For obvions veasons no accurate detarly can be gnen on rughtblindaess 1n
toddlers but undoubtedly it 15 very often present Thus 3 appears that
hemseralopia and \erophthalin have a diferent epidemology  There art
other arguments too for concludimg that these anomshes though ohen
coesnting depend on different mechanisms

T Inciorser Iv Revamion 1o SEY

Though less importint from a health viewpomt the distrby o
serophthatmia 18 to sex 1 of copsequence for 1 proper understinding o
~wthors agree that there 3» ¢ preponderance of the male sex but om*a
sametumes differs as to the age groups Tigssen {1936} chaamed that herad .
malacia was a disease of the firgt tno years sttaching the male and fema
sex equally an g n to phthal. tater on m which thC:;
would be two bovs to one gis] He used the differemce a5 an argume:;i o
explan the surplus of mnles s bhnd adult Indonesnios Sie Boen
(1937} contested b opimon stressing that most o

tson of

£ tl ¢ anfant cases died
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shereas the older chitdren m wiich the sex dafference
were affected to such a degree s (o influence the sex
Iater Ube Sweet and hoan, (1935) demed the e
strength of probably biwsed fiures and continum,, thar
and Prescott (1923} conclude  ses does not greath
quirements of vitaiin A smce m countnies where xere
mon bat sexes are equally affected

To judge the complex but n part stnlan, differe
edten ne materal and A umformity w drignosts are tey
Tatter 15 sp eciath mecomyetuent w selation to heratam
dutinct mamfestations m the voung wiant Of the 43
Blemad (1023} 53 ¢4 were males 90 €2 of them undes
116 eases of & & b sepreately by N1
were boys whuch corresponds with the sex dhstributi
bllases of biban 802 were bors representin, ¥~
“entage tecury so obstinately tn hrge senes of toddlers
we belleve et to be an essentind feature of the conditon
Jarge numbers of cases at 1 lter age ov in adult di <}
fraction 13 considerably higher and presents n apy et
85 (Qomen 1937) The s1, mificance of the fi,ures b
m Fig 30 Simmlar percentzges have been seported fr
Roely (Roels et of 19+8) caves of Bitoy spots m the Br
nere males Comparing the age merlence among bovs
pharts no sigmficant dllerence as to the tame <t of
sovered the degree of severtty 1o the affected 1y ire
Whit makan, « mental reservation for heratomalace
belene that there are t+ 0 definite attack ratcs cuus d
an une selated to the toddler period rtesuftm W
e gt and a higher one affecting about 6 males 1o ¢
thea,eof 10 that s before puberty

Sexdifference with regard to serum Jevels of the vt
@4 e et reseres hare been distussed severat o
Immal experiments (VMoore 19571 but the preditectscn
o the male sex 1 human bein,.s did recene less atte
stten transtion frony the lower to the tagher rite 0 t
s 1y alo endent Fig 20 Tissen (1940) €
Qermen (19+7) suggested that one of the ciuses of the |
oikes 1 stilbirths and n infant mortabty could be saug
Wt of the seves as regards vittmn A metalx b
m;ﬂ’vi?;,;’hcr tate m males has sometimes been atirt

¢ raale child would have some prefererice ave

for
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There 15 Ittle sense as has occasionatly been done i relation to knash
orkor 1n statisg an health reports that verophthalmia does not ccour 11
the tegion  because potentially 1t can dev elop anynhere The question is
however whether the local customs or deets are such as to allow the wa
diion to reach endesmsc proportions

As to regional distribution z few remarks can be made concemin,
Indonesin In that country there 15 perhaps no hosprtal where the chid
strichen with xerophthalmua s not a regular or even datly sitor Scores
of cases oceur m the large towns even despite increasing care of the smalt
child Among the statsstics of 3 single eve hospital referred to frequenth
m a henily populated area of central Java these cases represent about
3 % of the patients “\erophthalmma has been reported from the rural high
lands of Morth Sumatra (de Haas 1931 Ste Boen Lian 1937 van Manen
1938 Gomperts 1940) from plantations (Straub 1927) from the Jouer
regions of southern Sumatra (Maas 1939) or Jma {Oey Dyoen Host
1936) along the large mers of Borneo {Hoogenkamp 19:6) from towes
and coastal and mountun areas of Celebes (Oomen 19>% van Visssc
Iingh personat commumeation 1958} In none of the areas where formerly
Irge nutnition surveys have been orgamzed was it entirely absent sot
even m prosperous rural areas (Patjet Report 1940) The problem v
present everywhere except perhaps on wslands of eastern Indonesa % here
maize replaces rice as a staple food ¥\ here comparsson was possible coastal
regions with better avarlabilsty of fish showed a Jesser madence than the
bugh valleys [Atchin 5 and 8 % respectively of verosis and Butot spots
(Gomperts 1940)}] 4 certun seasonal influence is noticeable especialh
#f a contrast exasts between a wet and a dry (and meager) monsoon In
an soeurate suriey of school boys @ somewhat protected group the m{
aidence of Buot spots vared from 0 to 4 G (hlerks 19:6) E""h:"
such percenta_es may not seem wnpressne st should be repeated ‘t
1 % of the graver lesions 1 the vulnerable age groups alread) conshtutes
a sentous health problem

VIII  Cure and Prevenuen

The reaction of the eve lesions to admmstration of yitamun A 18 8¢
specific that a farlure must cawse sersous reconsideration of the dxngm;;
Still 2 number of controrersial statements hare been made these are "
ficult to discuss as they rasely mdicate satssfactory evidence either 08 the
natare of the affection or the conditon of the patient Vstamn A 15:::
prently so rapidh and so completely absorbed from the 1atestine .
under adverse conditions that evidence of the reverse suggests snt "
notmahty The mest commang argument for the diagnoss of a o
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avitaminoss 18 the avtdity with which the laching nutrient 1s utilized Chere
are 1 an individual patrent such endless possibilitics and the dictary lus
tory 15 usually so uncontrolfable that one ewnmot be grateful enough for

O,.O

Fi. 31 Regression of xero 18 cor uctivar
et eormear 1 a Chivese 2rlt Aursn,
treanser. Areas afected o1 Lo da g Y
y ot adrussim 2.4 the £r n
and eleventh days thereanter (Aster Prus., 117 o e

th po wuve eviderce In xerophthalma the 1~ tovemer (f the . .
b ues “ould be wiitfe withia 5 davs (Fig 31y

Each xero 1 ot the copea thesefore bou'l be com 1leverd 1 b
ewergency but wih viama A repeti o the treamer of the
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There 1s hittle sense as has occasionally been done sn relatton to knashe
orhor sm stating an health reports that \erophthalmua does not occur m
the region  because potentrally st can develop anywhere The question 15
however whether the local customs or diets are such as to allow the con
dition to reach endemic proportions

As to regonal distrhution a few remarhs can be made concerning
Indonessa In that country there 1s perhaps no hosptal where the chuld
strichen with \erophthalmia 1s not a regular or even dasly vistor Scorey
of cases occur i the large towns even despite micreasing care of the small
child Among the statistics of a single eve hospital referred to frequently
m a henily populated aren of central Java these cases represent about
3 95 of the patients “\erophthalma has been seported frons the ruml high
land> of North Sumatra (de Haas 1931 Sie Boen Laan 1937 van Manen
1935 Gomperts I1M0) from plantations (Straub 1927) from the lower
regions of southern Sumatra (Maas 1939) or Java {Oey Djoen Hoat
1936) along the large rvers of Borneo (Hoogenhamp 19+6) from towns
and coastal and mountan areas of Celebes (Oomen 1954 1an Wisse
hngh persenal communscation 1958)  In none of the areas where formerly
luge nutotion sutveys have been or,anized was it eutwehy absent not
even mn prosperous rural areas (Patjet Report 1940) The problem s
present everywhere except perhaps on wlands of eastern Indonesia where
masze replaces fice as a staple food W here comparison was possible coustil
regions with better avmlabihity of fish showed « lesser madence than the
high valless {Atchin 5 and 8 % respectisely of verasts and Butot spots
(Gaomperts 1940)] A certun seasonal mfluence s notwceable especiatly
if 4 contrast exssts between a wet and a drv (and meager) monsoon In
an accurate survey of school boys a sumenhat protected group the m
adence of Bitot spots varied from O to 44 % (klerks 198) Even of
sucke percenthges may not seem mpressne 1t should be repeated that
1 %% of the griver lestons s the sulnerabie age graups already consttutes
2 serious health problem

VIII Cure and Prevention

The reaction of the eve lesions to dmmistrtion of vitamn A s se
specific that 1 failure must case serous reconssderation of the drignosss
Sult 1 number of controversial statements hue been made these are dif
ficult to Giscuss s they vardy mdiente satfactony evdence esther on the
nature of the affection or the conditon of the pitient Vitwmn A 1s ap
parenthy so rapdhy and so completely Absorbed from the mtestine even
under adverse condittons that endence of the reverse suggests an ab
normahty The most convineng argument for the diagnosis of a true



AN OUTLINE OF XEROPHTIHALMIA 201

avitaminos:s 1s the avidity with which the lacking nutrient 1s utihzed There
are 1n an ndnidual patient uch endless possibilities and the dietary his
tory 15 usually so uncontrollable that one cannot be grateful enough for

&Y

Regression of <ero s conjunctivae et corneae in a Ch niese adult durmg
treatment Areas affected on the day of admussion and on the fir t fou th sixth
and efeventh d y thereaft r (After Pitat 197%9)

Fr 31

this positrye evidence  In xerophthalma the wmproveroent of the affected
tissttes should be visible within 5 days (Fig 31)

Each xesosis of the cornea therefore should be considered to be an
emergency but with vitamin A repletion the treatment of the patient 1s
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untlung but fiuushed  His madnourished state should be trented secording
to the sume prnuples 15 m hwashiorhor  Fyen then the duty of the
phisscrin is not vet completed s xerophtininua often 1s an emironmental
chsease and 1t 15 essentil to achieve mproyement of the In wg conditions
The arder of sequence of medical actions shoutd regard  first the eye second
the pattent third s hatchen

s m hwashiorhor the sifest approach to the 1npoyenshed tissues 1
w32 the normal phyvstology tht 1s by adounntration per o5 4nd not parenter
alhy The mobihzation of the tissue depats made by myecuon (s wpparently
sloner and less reliable af mumedute repleton 15 mdicated On the othes
band by the lanter metho | the physician J nows for sure that the nnssing
nutnent 1s wstde the boly and may be maobilized during several dns It
15 probable that even small dowe mny perform the tissue sepurs and that
serum levels are not the most rehable mdicators of 4 cuce In practice 1
cominmition of both approaches often will be unwoutable If snmpulation
of the evelids 1 not ohjectionable mstdiation of viamn eyedrops can be
added hut shonld never he regarded as sufficrent 1 ttself

H sitanun A for curatne or preventive purpo e 3 freely dutributed
aman, a fss wformed popuhnon Tugh patency preparations bould be
mowled s normal fsh Iner od 15 effective obviating the 1ppeveance of
xerophthiima and curmg all except the severe t formy tins household
ttem adready poptlir m many tropieal regions showld be consifered the
remedy of choice The conswmption of i h potency preparitions m c1p
sules 15 fess sure 1nd offen 1 not sufficrenth profitihte at Jenst not for the
panent Of vourse st still would be preferable of the dset contamed regular
eves though smll quantities of Iner eggs and aufh As rwotene fof the
tune Lo, should be conwdered less rehrable st should not recene 100
murh vingle emphasis m propagantda but the smpostance of fit and protern
should aln ns be stressed simultageoush

It goes withont s g that Mother and Chi'd Care represents an ex
tremely useful service to prevent and possibly cwre the o effects of \eroph
thatma  3s the taddler tepresents the most vulrerible period such eore
showid be extended wnti] newr schoal age

IX Approaches to and Recommendations Regarding the
Kerophthalmsa Problem
Before taking leave of lus renders \ooze (1957} after an mpressise
comprehensne review of the subject of vitamm A regrets that so man’\
loose ends reman unued and so many clues hne not vet been Tully ev
plotted From this review 1t 15 appent how essermally meager B the
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contributton from chmci sources wnd how mporiant at least reyionafly
the human problom

Here 1v  contrast 15 regards the poston of thammm whieh w the
regrons of én mentioned bere 1> of emnent health value \\hereas s In
donesta b the unde stindin, of the orgm of the vitn 12 and b a few
ki, reyulations bertbers ks dwmdled o 1 problem of nunor propor
tions ~erophthilmsa continues to be as prevalent a» 8ier w tess accessible
surroundings It 5 appavent that the solution will vot Le so s nple for
1t amm \as for By The verophthalmun problem s rooted deeper 1 derse
aspects of the popular diet 1nd ss more dosely hoked o prospersts % great
deal of accurate smvestigation ss called for before an adequate ag proach of
the public heafth problem can Le made A few s, extions ma be grien to
delmeate the work o be done

A Terumorocy

1 A 2 tets of terms has heen weed to describe fie eve lesions due to
wutamin A deficiency and the same term has sometimes beess mierpreted
differently n diffirent reports The terms prexesous  serosts  xeroph
thalmia  heratomalicrn Buor pet pmyuecdla and prengim shenld be
clearly defined m all reports (Jowt I W0 WHO I spert Comnutee on
Nautr son 192%)

Z Mo sug ested here thnt the termy weroplitis! g Be wsed collectively
for all specific exe mmptoms w2 not for am wnyle ene and v replthalinn
sindrome o alterrtions elbvew bere m the body are smphe §

Yeroxis congun 1 ve (dullansy epithelials 3 st exphanators

The avpect and the nature of the &itor spof 25 2 prguie produced by an
abnornvil secretion Bt s been desersbedd

The termncle wal difficulty relates especaally o the corneal affecttons
The tern terosis cornea epathehahs s applicable ta evers case 1t which
erosts 15 demonstrible so long as the g eneral structure 1y not ye affected
Fpithelial defects and snvall perforationy do not af er essentiahy the ntuee
of the affection 3 distininon could be made between verows v frer and
1erons purforans

Aeratereiacia indicates a Jarge sca'e neerosts wath toral destruction and
softemny, of the cortiea It 1> evidenthy followed by a phthusss bulls 4 dif
fuse exsiceatmg necrows of the whole £ sres 1 to be eatied nrenmficahon

Preserows 1s a condition more easthy i tinguishable as a seprate entity
s the ads! than an the smalt child In proctce it would be a lunable to
relate st to the svndrome f the spectfic niture e be prored—for wstanse
by the presence of tspral svmptoms mcluding herwetaloprt or In the specth
7eacton to admmstration of the vitazmia
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B Nuerrirron sL Parstorocy

3 The value of the Bitot spot as a symptom of \erophthalmea 15 beyond
doubt The speurfiaity of thrs phenomenon and 1ts pcutar pathagenesis
howerer stll requmre a comprrative study

The small differences m pathologseal processes which at one tume
produce only a locahized perforation of the cornea and at another tune a
mnbac or a i eten it 7y i the same patrent are
not yet understood satisfactorsly

Both the chnicrn and the public health officer would benefit by a better
msight m the nutnitional pathalogy of the eye responsble for the develop
ment of polymarphuic superticial herapathy (Djacos 1942) and of malnu
tritton ki trsins (B hal 1950) as 2 contrast to xeroph
thatmua  The refation chnreally and epidenmologieally of hemeralopia and
changes m the fundus ocult with verophthalmia should be mvestigated

4 The ssyuficance of pl m cases of verophthatmia
both of the shghter and of the severe affections caaact be sufficrently
stressed

5 The ralue of carotene as a precursor of aserophtol in the buman
body should be reconsidered under the conditions and in the regions where
xerophthalmua 1y endemnc The wnfluence especially of the fat and protemn
mozeties n the respective diets particslarly the rce diet with emphasts
on the mtake of the voung chuld shoutd be fully mvestigated

6 Approaches should be sought to determume the reserves of vitamm A
m expectant and lactating smothers and 1n newborn wnfants The vamations
w watanun 3 mtahe esther caused by the deficient coutent rm breast mih
or by 2 decreased mtake should be studsed

7 The mfluence of various mfections and mfestations on the absorption
or myatalnhity of vitammn A deserves further imvestigation

8 The possibul of I or © 1 varsations ta refation
to the development of \erophthalmia require chnical attention AMetabolie
differences betveen cases of hnashiorhor with and without verophthalmm
respectinely metit closer attentian (ecretion of the vitamn  destruction
by red blood cells ete)

9 The sex distrsbution especrally m cases occurring m the first year
and n heratomalacia should be further smestigated The natute of the
difference in the fow age and the adult sex rate m wesophthalma still has
1o be explasned The low age sex rate suggests a relation of vitamn A
with the preponderance of the male sex in mfant mortahity

10 Partcularly promising it would seem 1s a compiratine study on
the oecurrence of xerophthalna n tropieal regions where red paim oil 1
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an essential part of the diet and in vegions where carotene 13 consumed
ather forms

€ Posuic Heatrit Mrasures

i1 In view of the senous sigmficance of the oceurrence of verophthal
mia st should be mad: compu!sonl) reportable 1 reglons where sts pres
I

alence the probl of bind or of child
mortality

12 Because of the close relation to protemr malnutriton and m view of
the seribus g of erther s s that 1n such

cases the eyes ainays be fully examuned therr conditson noted m reports
of proten malnutripon and the sigmuficance of the terms used to describe
the affection of the eyes clearly explused (Mclaren 1958)

13 In view of prevention and cure it would seem desirable to develop
sumple measures and Yo asseds the munimal dose of vitanm A that can
pratect a child during the vuinerable period The mature of refapses after
vitagun A therapy should be mvestigated

14 Thek dge of Pt and af hthalmia should
P d especaily where the popu has not regular aceess to
trasned medical help
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1 Introduction

At the present time an article on fluorescent antibody research for a
review of tropical medicine mu ¢ be justified more on the basis of potential
achievement than on grounds of past accomphshment Although much
work with this techmque 1n the field of mfectious diseases 1s as applicable
to medime mn the Tropics as 1t 15 to medicine m temperate zones

tropical medicine 10 the more restricted sense has as yet barely felt the
mpact of this ngemous and extremely useful tool Until recently tech
meal complexities of the procedure served to restrsct its use to rather
well equipped research laboratories At the present tme however the
techmque has become stmplified to the extent that almost any laboratory
which uses a microscope can undertake work with this tool The hmiting
factor now 1s more likely to be availability of well traned personnel smce
n common with other fine tools this one 15 best employed by craftsmen

A thorough review of techmques and findings up to that time was
published m 1956 by A H Coons who 1s mamly responsble for mtroduc
mg and developing thts procedure In 1958 another resiew appeared by
the same author primanly concerned with techniques  Smnce these articles
were published sigmficant progress has been made 1n simphfying the
labeling of antibodres m making available new dyes of different colors

215
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that may be employed for this purpese and 1n applying the techmgue fo
the solution of practical dragnostic problems In addition to describing
these new developments m some detail the present review wall attempt to
demonstrate the versatihity of the fluorescent antibody method by referring
to literature published since Dr Coons reviews appeared Studies of
tissue pathology and pathogenesis will not be considered here unless they
demonstrate techmcal principles that may be more generally useful An
appendix contaimmng mmportant sources of reagents and equipment 15 {0
be found at the end of this article

In stamnmng with labeled antibody the immunologist undertakes to
demonstrate on the cellular level serologtc reactions which are generally
studied 1n the test tube The theoretical framework for the method 1s
simple  Antiserum  developed 1n expenimental ammals or 11 man 15

Jugated by muld ct 1 pi 3 with any of several fluorescent
dyes If a drop of fluorescent antiserum 1s applied to a smear or section
homol antigen precip form at the antigentc sites

After such preparations are rinsed to remove unreacted conjugate the
precipitates can be seen 11 loco with a fluorescence microscope The ad
vantage of using fluorescent compounds as labels over nonfluotrescent
hghly colored dyes 1s that much smaller quantities of the former can
be detected microscopreally

IT Technical Constderations
A Microscory

A thorough review of fluorescence microscopy 1t general plus a com
plete bibliography and list of sources of equpment are given by Price
and Schwartz {1956) A discusston Iimited more specifically to fluorescent
anttbody requirements and supphes 15 to be found 1 a manual by Cherry
et al (1959) For purposes of the present review only the following
pomnts are emphasized (1) standard mucroscopes equipped with glass
(as opposed to quartz) optics are perfectly satisfactory (2) hgh
intensity hght sources rich n blue and near ultraviolet wavelengths are
necessary (3) glass and gelatin color filters can be used to 1solate the
wavelengths needed and (4) fully equipped packaged umts are available
commercially from several manufacturers

B LABELING AGENTS AND PROCEDURES

1 Green Fluoresceing Dyes
Most of the literature mn this field has been based on use of protems
labeled with fluorescein 1socyanate (Coons ef al 1942 Coons and haplan

1050) This relatively unstable compound was imtially employed as as
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acetone solution immedsately after ats synthesis from the last stable mnter
medsate ammnofluorescein  Conversion of the ammo compound to 150
cyanate requires phosgene Subsequently 1t was reported that the 1so
cyanate could be preserved in dry acetone solution for from several
weeks to a year depending upon the temperature at which it was stored
(Marshall 1951 Coons 1956) Goldman and Carver (1957) found that
fluorescein 1socyanate could be stabifized by drymg solutrons onto thick
filter paper which could be stored for at least 7 months n a desiceator at
toom temperature The addition of strips of paper contaning appropriate
amounts of 1socyanate to buffered globulin resulted mn conjugation In
contrast to labeling procedures employing solutions of dye httle or no
denaturation of protein occurred with the filter paper method

The most significant improvement mn use of fluorescein as a protemn
label was the synthesis by Rigys ef al (1958) of the isothiocyanate
denvative This reagent prepared by reacting aminofluorescemn diacetate
(Riggs et af 1958) or amunofluorescen (Marshall et a! 1958) with
Lqmd thiophosgene mstead of with gaseous phosgene 1s a stable powder
which 1s available commercially Marshall et af compared staming titers
obtained with conjugates prepared by two methods employing 1socyanate
and three methods employing 1sothiocyanate Highest titers were obtamed
with 1sothtocyanate drred on filter paper or added as a powder to buffered
antisera Because of its simplicity and effectiveness the latter procedure
was recommended as the method of choice

2 Yellow Fluorescing Dyes

Weber (1952) descnbed yhysncal and chemical charactersstics of albu
mng alene 5 sulfonyl chloride
(DNS) The dye was menhcncd briefly by Clayton (1954) as one of the
labels employed with antisera agamnst embryonic tissue Preparation and
use of the d as an d stain were p n con
Siderable detail by Mayersbach (1958) and concurremly 1n lesser detarl
by Redetzki (1958) Dry sulfonyl chlonde which ss avaslable com
mercially 1s stable for several months when kept m a desiccator at 47 C
Tt reacts with free amino groups on protemns to form sulfonamdo bonds
Conjugated protemns are stable and the dye resists dissociation during
Precipitation of conjugates with alcohol acetone or ammonmum sulfate

Labeling 1s accomplished by adding an acetone solutron of dye to chilled
Protein buffered at pH 7 5-80 Unreacted undissolved dye 1s removed by
¢entnfugatron unreacted dissolved dye 1s dialyzed away or removed by
Precipitating the proten with ethanol or ammonmum sulfate When DNS
1s added to protem in the proportion of about 6% by weight the number
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of dye groups itroduced per molecule of gamma globulin 1s approsmately
four

Antisera labeled with DNS retamn therr original immunochemical charac
tenistics untmpaired  Although the free dye 1s considerably less fluorescent
than free fluorescen conjugated protems do not show such disparity
(Mayersbach 1958) Similarly localtzed antigen 1s comparable in fluores
cence when treated with esther DNS or fluorescesn

To the author's knowledge there have been no further reports 1n the
literature of the use of antibodtes labeled with this compound for stamng
purposes  In view of the over all excellence of the yellow green fluorescein
tag and the simplicsty of labeling with the isothiocyanate dernatne of
fluorescein a yellow fluorescent dye does not offer as many advantages
for contrast stmning as the orange red fluorochromes described i the
next section

3 Orange red Fluoresema Dyes

The first use of a red fluorescing label was by Clayton (1954) who
coupled nuclear fast red (described as benzaldehyde 6-mtro 2 sodium
diazotate) to antisera Unfortunately the formula given in the publication
daes not caorrespond to the dye actually emplayed (Clayton personal
commumcation 1955) Use of nuclear fast red 1s as follows (Clayton
personal commumication 1955) The fluorescent component of the dye 1s
removed with alcohol water on a starch column dissolved 1n acetone or
water and added dropwise to 1ce cold serum (neutral or unbuffered) to a
maxmmum of 10% by volume The uncombined dye 1s removed by repeated
precipitations with ammonum sulfate or by electrolysis through a dialyz
ing sac It will not dralyze unmded Since no other work has appeated
m which this dye was employed as a protein Jabel 1ts usefulness 1s difficult
to estimate

Four rhodamune dertvaties fluorescing m orange and red have been
used a8 anttbody labels rhodamine B isocyanate (Siversten 1957)
tetramethylrhodamne isocyanate (Hiramoto et al 1958) rhodamne B
1sothtocyanate (Riggs ef ol 1958) and hssamimne thodamme B 200
(Chadwick et af 19581 b) The two 1socyanates were employed i the
same manner 28 the correspanding flucrescen derwatne  Although no
information was given as to stability of the dyes 1t may be assumed by
analogy to fluorescemn that they are relatively unstable compounds They
are not marheted commerctally and are not likely to emjoy much populasity
1 view of the avalabihty of the other two rhodamue denvatines

Rhodamine B 1sothiocyanate 1s simlar to fluorescemn 1sothiocyanate 1m
being a stable powder which 1s avatlable commercally It is emploved
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the same manner to label proteins and has been shown by its developers
to be a useful tag for specific stamming of Bacillus anthracss Pasteurella
tularensis Rickettsia by phs and adenovirus RI 67

Lissamne rhodamine B 200 (RB 200) was the best of mne fluoro
chromes studied by Chadwick et al {195%) for possible use as protem
labels The stable commercially available dye must be converted to the
sulfomy] chloride dersvative before bemng coupled to protem through the
sulfonamido lmhage The dye powder 1s ground mn a mortar with PCl
and the mixture which contams the sultonyl chloride 1s extracted with
dry acetone The acetone solution 15 added dropwise to chilled buffered
protemt at pH 9 and allowed to react for about 30 mmutes Uncombined
dye 15 removable either by dialysis against saline or by sorption with
activated charcoal When the proportion of dye to proten 1s 4% by
weight three molecules of dye are introduced per molectle of albumin

Fluorescence mtensity of preparations staned with rhodammne Iabeled
antibodies 15 reported to be comparable to that of fluorescetn The distinct
color contrast between the two dyes and the contrast between the color
of rhod; and the blue fl ence of most ussues make rhoda
mine an excellent complement to or substitute for fluorescen  This may
be particulatly true in stumng arthropods such as fichs whose exo
sheleton fluoresces mn the same color as fluorescemn (Goldwasser and
Shepard personal commumcation 1959) Lissamine thodamme B 200
can be purchased cheaply but the necessity of converting it to the
sulfony! chloride 15 a deterrent to its use in comparnison with rhodanune
1sothiocyanate At the present time the stability of the acetone solution
of RB 200 sulfony! chloride 1s not known although successful conjugations
have been achieved up to 18 hours after preparation (Chadwick ef al
1958b)

7 Other Dyes

Recently Hess and Pearse (1959) recommended a group of cellulose
reactve dyes as protemn labels These dyes bear a dichlorotriazinyl group
g and are coupled through free amino groups on the protemns On the
basts of reported prelimmary results the possibility ewsts that 2 whole
new group of dyes may become available for antibody taggng

C  Stsiving TECHNIQUES

In the procedures described below results must always be evaluated
by comparison with the amount of stamning that oceurs in control prepara
tions  Tissue cells and amebas tend to tahe up considerable protemn non
specifically  although this can be reduced by sorbing labeled solutions
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with tissue powders before use (Coons of al 1955) Bactema on the
other hand, are singularly free of this tendency so that st 1s not necessary
to sorb the reagents when staming such material However each new
antigen antibody system should be evaluated separately for ewidence of
nonspecific reactions

1 Direct Stamng

The basic reaction m fiuorescent antibody procedures 1s that which
occurs between Jabeled antibody and unlabeled antigen to produce a
labeled product (Figure 1)

A
Avr v SR : R
LABELED ANTIBODY — UNLABELED ANTIGEN  LASELEO PRODUCT
Fic 1 Direct staiming procedure

2 Indirect Stasming

A procedure commonly used in starming viruses and n studymg pathol
ogy caused by autoantibodies and other soluble agents was reported by
Weller and Coons (1954) In this method an additional step 1s antroduced
1 the above procedure Unlabeled antibody s first reacted with un
labeled antigen The bound antibody, 2 gamma globulin 15 then demon
strated by staiung it with labeled antibody (prepated in a different species)
directed agatnst gamma globulin thus indirectly sdentrfymg the onginat
antigen under tnvestigation (Fig 2)

sree s

Y I ~

UNLABELED ANTIBODY ~ UNLABELED ANTIGEN UNLABELED PROOUCT

sree g

- .
L om + PR = im

CABELED ANTIEOOY  UNCABECED PRODUCT  LAGELED PRODUCT
Fic 2 Indirect stuning procedure

One advantage of the ndirect procedure 1s that a smgle labeled anut
body eg antrabbt prepared m a goat can be used to stan any antigen
for which one may possess antiserum made in rabbits As a result of the
recent 1 labeling proced: however this advantage has
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lost some of its orignal amportance Since m any case specific anhisera
need to be prepared 1n order to stamn the antigens under mnvestigation 1t
may be just as s;mple to label each one separately for use m the direct
procedure

The indirect method offers a more important advantage for antigen
antibody systems in which direct stamng does not produce adequate
brightness In such cases the layering effect of the tndirect method
may ncrease significantly the sensitinty with which one can detect the
antigen being studied (Liu 1957 Raplan 1958)

The indirect procedure has also served as the basis for serologic tests
for the presence of antibody mn unknown sera (Liu 1957 Odea and
Dineen 1957 Deacon et al 1957) By employing known antigen obtaied
from cultures or other sources and labeled antiserum directed aganst
say human globulin 1t 15 possthle to determme whether a grven human
serum possesses antibodies to the antigen under constderation A dilution
of unknown unlabeled serum may be applied to the known antigen as
mstep 1 of Fig 2 After brief rinsing the labeled antibody agamst human
serum 1s apphed If the antigen becomes fluorescent following these ma
nipulations 1t indicates the presence of antibody in the unknown serum
Suitable positve and negative controls are necessary for proper interpreta
tion of the observed results

4 of the indirect dure 1s that 1t lies the number
of contrals needed to prove the specificity of the reaction smnce nonspecific
Teactions may occur mn both steps of the procedure VVhen the method
1s used as a serologic test one 15 lhnmted to testing sera onlv from the
species for which one has labeled antssera In dealing with an orgamism
with a wide host range eg Toxoplasisa gondu this restriction himits
the testing that can be performed of possible anmmal hosts A third
disadvantage 1s that the two step procedure 15 relatively cumbersome tf
one wishes to perform large numbers of serologies on a routine basis

3 Complement Stavmng

This vanation of the mdirect procedure 1s based wpon the fact that
bound complement may be stamed by using labeled antiserum directed
agamnst the complement source rather than against the speaific antibody
(Goldwasser and Shepard 1958) For example tissue culture cells
mfected with poliovirus were exposed to a mixture of nmune human
serum plus fresh normal gumea pig serum as a source of complement
After the usyal mcubation and washing labeled rabbit antibody prepared
agamnst guinez pig globulin was apphied Bright statmng of the virus was
obtained This method seems apphcable to any antigen antibody system
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that will bind complement Its mam advantage asde from the possibil
ties 1t offers for the study of complement 15 that only ane labeled anty
serum aganst gunea mg globubn may be used to stam many systems
regardiess of the source of spearfic antthodres

As mentioned above for the ndirect method the abiddty to stam tnany
antigens with o single labeled antiserum has lost some of s ymportance
with the ph of labebng procedures Use of an addittonal
reagent complement entals further controls to assure specificity of results
In this regard Goldwasser and Shepard (1958) reported that some normal
gumea pig and monkey sera when employed as sources of complement
caused staming i the absence of immune serum  On the other hand by
employng labeled mmmune serum plus labeled anticomplement serwm 1t
may he possible to increase the brightness of otherwise weak stanmg
reactions  Detection of antibody 1 unknown sera by complement staining
1 stnlar to that described for the indirect stumng method with the
added advantage that serum from many species may be tested wath the
same Jabeled anticomplement serum

4 Inlnbihon Procedure

A control frequently used to demonstrate specificsty of the chrect stawm
10g reaction 1s to whibit staung by first exposmg the antigen to unlabeled
antibody (Coons and haplan 1950) This has the effect of blocking
further reactions of the antigen resulfing 1n reduced or snhibited fuores
cence A modsfication of this reaction has been developed as a serologic
test for bodres 1wk tabeled sera (Goldman 1937b) The
test 15 performed as follows A dilution of unhnown test serum s added
to an equal amount of an approprate diution of labeled known antserum
The muxture 15 apphied 10 a smear or sectron contanmng knowa antigen
and the shde 1s examined after the usual mcubation ninsing and mounting
procedures In this case absence or reduction of fluorescence mndicates @
positive test for antibodtes

Thus procedure has the pdvantages that scrum from any ammal species
can be tested with the same lobeled antibody soluton and that the
mechames of the test are simple since only a single application of reagent
1s necessary  T'or mcompletely understood reasons the two step aoeliebt
tran dure which nas bed Yy (Cocns and haplan 1950}
and which has been widely used with many systems is aot always suc
cessful wath bacterra and other forms (Moody ot of 1956 Goldman
1937b Poetschhe of af 1957 Lesma 1958) Moody of ol (19:6) and
Goldman (1957b) reported better resalts uang the ope step procedure
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E  MaNrpuLation of Sripes

Staiming mantpulations consist of adding a few drops of antibody solu
tion to the section or smear alloning the reaction 1o take place 1 z mast
chamber (generally for 30 munutes to 1 hour), rinsimg the preparation
and mountmg 1t with shghtly alkalme glycerol Staumng periods extend
mg for several days have been reported (Finch et ol 1956) but this 15
tncommon

In order to obtain reproducible results particularly when performmng
serologic tests it 1s adwvisable to dardize these ipulk: The
general avatlability of 37 C b makes this a ¢ tempera
ture at which to run reactions Moist chambers can be made for small
uumbers of shdes by placing wet filter paper under a petr: dish cover
and for larger numbers by using a destccator jar with water mstead of
desiccant under the porcelamn plate Deacon ef o (1957) reacted smears
on a rotating mackine and obtaned more satisfactory results than with
unmobile slides  \When several smears ate staned on a single shde
shallow cells for Imting applied soluttons may be formed comemently
with q marking pounds such as Marktex Tech Pen mh
Semipermanent mounts can be made by sealing glycerol preparations with
cosmetic nail polish In this Iaboratory, fluorescent amebas harve shown
no loss of fluorescence for weeks when mounted i glycerol and stored
at —70 C Smears kept at ~—20 C and 5°C have not held up as well
when fluorescence was measured quantitatively but i qualitatne evalus
tions the reduction in fluorescence has not been sigmificant over penods
of weehs even at 5 C  Preparations may be mounted 1t more nearly
permanent media with xylol soluble Fluormount from Edward Gurr Ltd
(Chadwick ¢t ol 19582)

F  EXAMINATION OF PREPARATIONS

It 15 well to realize that exposure of fi stamed prepa
frations to hight from the mictoscope illummator may result 1n significant
fadwrg of stamed orgamisms Goldman (1960) showed that fluorescence
of fluorescein solutions may drop as much as 20-30% witlun 30 seconds
depending upon mtensity of the hight and brightness of smtial fluorescence
In evaluating the staning capaaity of comugates m feading shdes for
serologic testng or mn any comparative testing fading due to boght llum
nationt may confuse results unless one 1s cogmzant of the extent of the
phenomenon Although rate of fading 1s higher svith more mtense hght and
swith hugher fluorescern concentratrons absolute brightness 1s greatest under
these same conditions For this reason greatest sensitwity can stll be
attamed with bright light sources and with hughly active conjugates
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In secording fluorescence photographically one result of the fading
phenomenon 1s to make short exposures of bright objects preferable to
long exposures of duller subjects Since bachground fluorescence may
not fade to the same degree as fluorescemn if at all longer exposures
may result n reduced contrast in the negatives With films Iike Eastman
Tr1 X or Ansco Super Anscochrome exposures of 1-3 minutes have been
suitable i our laboratory for bacterta wviruses and protozcans at mag
mification of 1000 X

G QuaNTITATION OF FLUORESCENCE

In the earher localization studies with fluorescent antibody qualitative
findings were of prime importance and httle attention was paid to objec
trve quantitation  With extension of the method to diagnostic and analytic
problems objective quantitation of fluorescence intensity has become
more 1mportant

Thomason et ol (1959) compared stamng results by computing
numerical figures from a formula embodying percentage of stamed cells
type of stamnmg and a subjective estimate of mtensity of fluorescence
In the absence of complex light measuring equipment relative quantita
tion 15 still possible based on ordinary dilution and titration procedures
Notations mvolving plus marks to indicate mntensity of fluorescence have
Iittle meanmg from one laboratory to another but within the same labo
fatory such estimates are of considerable value

Microfl d of fl antibody reactions have
hardly been attempted Mellors et al (1955) photographed individual
mucroscopic fields showing glomeruls and kidney tubules After the use
of standardized procedures for developing the films they compared the
density of various portions of the field with a mucrodensitometer This
approach had the advantage that fluctuations 1n the light source mecham
cal and optical and other were canceled out
since the same field was bemng compared mternally A serous limtation
on the method 1s that exposare persods of 5 minutes were used Smce
fading was probably greater for the imtally brighter portions of the field
than for the less bright portions the mtial and true contrast was
probably reduced Finally recording the brightness of mdividual organ
18ms 1 smears would be too slow with presently available film to allow
extensne quantitative studies

In the author s Jaboratory a relatvely sumple microfluorimeter has been
constructed which measures directly the hight flux from fluorescent cells
(Goldman 1960) Wath this instrament 1t 15 possible to obtam objective
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values of hght intensity n terms of photomuttplier anode current under
fled 2nd specfied d Comersion of measurements imto
absolute values of fluorescen oo (and thus ndsrectly to ant
body concentration) depends pnmanly on establishing vabd calibrabon
curves for fluorescain bound to proten and fixed m space on a celtutar
substrate  This represents a considerable techmcal problem since small
changes mn molecut may have profound effects on fluores
cence emussion (Ornstem ot o 1957) ond since swtable models for
fluarescent microotganisms have not as yet been proposed
Microfluorimeters have been described m which scanming and recordng
of finorescent exfoliated rells were automatic (Mellors and Sther 191)
and m which fluorescence spectra were obtamed of benzpyrene staned
sections {Norden 1953) Instrumentatston from commercial sources 1s
easily sensittve enough to measure the fluorescence of a single bactenal
cell stained with fluorescent antibody although as with all lughly sentitvie
hnigy hodologscal probl and pithalfs abound Since the greatest
value of labeled antitbody procedures s not hhely to be achieved without
some form of objective further e mto tech
of microfluorimetsy are fughly deswable

III  Applcations of Fluorescent Antibody Methods
A Virusss anp RICKETTSIA

Because of the small size of these sgents and the difficulttes of visuahiz
1ng them with conventional stumng procedures fluorescent anttbody studses
1 thus area fave tended to emphasize distribution and fine focahzation
of agents 10 tissue cultures and 1 wnfected ammals The considerable
success of this type of study has more recently stumulated an mierest
i specsfic diagnosts based upon demonsteation of etwlogic agents in
lesions or i 1solates from patients Serologic procedures based upon
fluorescent antibody have also been explored

Development 1n tissue cultures of agents responsible for pusttacosts
(Buckley ¢t of 1925) measles (Cohen ef a! 1958) vacama (Noges and
Watson 1935) herpes sumplex (Lebrun 1956) polomvelitis types 1 2
and 3 (Buchles 1956 1957) faw] plague (Brertenteld and Schafer 19573
and type 4 adenowirus (Boyer ¢t al 1959) have been reported Close
cosrefation or wdently between wisible by tanal aueros
copy and areas stamed speafically with labeled antibody was a character
1stie findmg except m the case of herpes simplex uns Type A wclusion
bodies charactenistic of the latter agent were found to represent an i
tranuclear scar  following the shit of viral antgen from nucleus to
eytoplasm  In the case of fowl plague virus whick has been shown to
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consist of two distinct antigens the intracellular distribution of each was
demonstrated by employing speaific antisera agamst the two antigens
separately and against the whole virus

Localization of neurotropic Egypt 101 virus in infected mice was studied
by Noyes (1955} Virus antigen was found i neurons of infected
mouse bram and spinal cord Tissue cultures of a human epidermond
caramoma to which the virus was finally adapted also showed intense
staining

Distribution of canine distemper virus has been investigated 1n natural
rafections of dogs (Moulton 1956 Coffin and Liu 1957) and n expen
mental infections 1n ferrets (L and Coffin 1957) Moulton observed
stawmable virus 1n astrocytic and possibly other ghial nuclel 1n the cerebellar
white matter Myehn sheaths neurons and axis cyhinders showed no
speaific fluorescence 1n spite of the fact that demyelnation 1s a character
sstic finding 1n central nervous system lesions that oceur in this mfection
Coffin and Liu found antigen 1n visceral and cutaneous lesions as well as
m the bran dependiny upon the stage of infection Contrary 1o Moulton s
findings antigen was observed 1n neuron cell bodies dendrites and a<ons
as well as in cpendymal cells and astrocytes Moulton used 15 j thick
frozen sections compared to the 4-6-p sections studied by Coffin and Lin
In addition the latter workers fixed their sections with acetone whereas
Moulton statned s dried sections without previous fixation \Whether
the e techmeal differences are suffictent to account for the reported dif
ferences m virus distribution was not determmned

In ferrets where distemper runs a folminating fatal course Liu and
Coffin found viral antigen 1n the cervical lymph nodes 2 days after ntra
nasal moculation  Viremia occurred on the third and fourth days follow
ng mfection virus spreadng through the loendothelial system and
thence generally througl out the tissues Labeled antibody was much more
sensitive than conventional pathologic methods for detecting evidence of
mfection 1 cells Peripheral blood smears showed specific antigen in
leucocytes as early as 3 days after infection before f ver and clinical
SY:IdPtOms developed and remained positive for virus unti]l the ammals

1

Cellular localization of Shope papilioma virus tn patural and expen
mental papillomas of rabbits was studied by Noyes and Mellors (1957)
Brilant fluorescence was demonstrable 1 nucler of the keratohyaline and
¥ ratinized layers only Antigen could mot be demonstrated n deeper

L g cells of the papll The authors po tulated that virus
mught exast 1n nucler of deeper cells as a nonintigenic nucleic acid molety
facking proten  Stainable antigen might then represent a later develop
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mental stage of the virus when antigeme protein became associated with
the nuclerc gerd Subsequently st was showa by mcremanipulative tech
mques that wfections varus was himted to the same areas that were stuned
by spearfic antibody (Noyes 1959)

The posaibility that virus particles mught exast in a form t which they
were not demonstrable by labeled antibody was suggested also by work
with Newcastle disease virus (Prince and Ginsherg 1957) When Bhrich
asastes tumor cells were ancubated with virus and snoculated ot mice
virns was first demonstrated on the cell surfaces 2 latent perod then
occurred m which virus aniigen was not stamable  Finally fluorescent
antigen appeared in the cytoplasm of the infected cells

Dugnostic appheations of fluorescent antibody to witus wfections may
be dated from the attempt by Lau (1956) to wentify mfuenza 10 nasal
washings from patients with acute respiratory iliness Smears of cellufar

d b 4 1 washmgs were stamed with fabeled rabbit antt
globulint to influenza types A and B Speafic fluorescence m smears was
taken to mdicate viraf mfechon Resuits of fluorescence exanunations
were compared with results of hemagglutination snhibition tests performed
with acute and convalescent sera from the same mdwidwals Twelve
out of 17 cases (7195} of mfuenza A prime and 10 out of 26 cases
{38%)} of mfuenza B were correctly diagnosed with fluorescent antthody
One false positive occurred among 23 nommfluenzs! patents Although
dhagnosss by stumng was obviously Jess sensstive than by comventional
serology the former results were avaable the day samples nere taken
compared to the 10-14 days needed for hemagglutnation mhibition

These results demonstrate some of the wirtues and limstations of
etiologic diagnosss with labeled antibody In the presence of sufficrent
antigen speatfic stammng s faster than and as relible as more con
ventional procedures provided that a sound wmunclogical foundation has
been kud previously for the agent under study On the other hasd direct
MICroScomt EXAMINAtion may not be sensitive enough to detect very smaff
numbers of stamoble particfes In Laus work apparently no effort was
made to stam fissue euftures after woculation with nasal washings The
possible entichment of virus material by cultvation for short periods
mught have mereased the number of positives detected stace m 2 type
A prime cases posiive coltures were obtamed from washings which were
negatn e by immedate stammng

Rapid diagnosis of distemper i febrle dogs by direct stasmng of con
suncinal smears was reported to be a sunple and practeal approach
parheularly m early stages of the disease When chwmcal diagnosis 15
difficult {Coffin and Liw 1937) In autopsy matern! smears of unmary
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bladder mucosz or dab smears from lungs were useful for detecting
systemuc 1nfections

Goldwasser and kisshng (1958) showed that Negri bodies in brain
smears from rabies infected mice were stamable with labeled antibody
More useful from a diagnostic standpomt was therr finding that mfected
brains that were negative for Negr: bodies also showed antigeme particles
and clusters In addition they were able to demonstrate rabies virus in
salivary gland smears of infected wild and domestic anmals

Rapid diagnesis of poliomyelitis virus by specific stamung of monkey
kidney tissue cultures was attempted by Kalter ef a? (1959) The method
was to stain smears of Versenized cells from tissue cultures showing a
1 to 24 cytopathic effect following moculation with suspected stool spec:
mens Labeled monkey antipoliovirus serum was used as the specific
stanmg agent In a series of 50 stools fluorescent stamning results agreed
with comventional 1solation and neutralization tests 1 47 cases Of 33
polioviruses 30 were correctly typed 3 were mussed by the staimng
method Seventeen stools contamng Coxsackie ECHO or no entero
viruses were negative by staimng  Staning results were obtamned within
a few hours of the time that the cytopathic effect was observed and
considerably earlier than by conventional methods

Herpes simplex 1nfections were diagnosed by direct stamnng of scrapings
from vesicular lesions and from one nasal smear (Biegeleisen ef al 1959)
In 15 specimens studied by stumng and by chick embryo 1solation the
same 8 spesmens were found positive for virus by both methods No
discordant results were obtained Inasmuch as staming could be performed
immediately whereas viral 1solation required 3 days the value of specific
staming for rapid diagnosts was obvious

Ruckettsiae of Rocky Mountain spotted fever have been demonstrated
i smears made from ticks collected 1n the field (Goldwasser and Shepard
personal commumication 1959) Of 140 ticks collected 1n an area with
known mncidence of spotted fever 4 were positive by stammg with fluores
cent antibody and the same 4 were positive by yolk sac moculation Al
others were negative by both methods Of 91 ticks collected 1n an area
free of this mfection none were posttive either by staining or by isola
tion methods

Employment of the indirect staming procedure as a serologic test for
antibodtes to various agents has also been reported O dea and Dineen
(1957) found herpes simplex antibodies in 5 out of 8 randons human sera
correlating precisely with virus neutrahzation tests performed m eggs
They used as antigen trsstie cultures of human ammon and infant mouse
ladney cells mfected with two strams of herpes simplex virus
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Liw (1957) demanstrated the presence of antibody to primary atypreal
pneumonia (PAP) m rablat sera by using sections of mfected chick
embryo lung as anugen  Subsequently more extended observations on
humas snfections were reported (L ef of 1959) In spite of the fact
that the nature of the antigen (46 j thick frozen sections of tnfected lung
usable for 2 weeks when stored at 4 C) malitates agamst widespread
employment of the test the procedure is of mterest m bewng the first
speafic serologic test for primary atypreal pneumoma  All of 8 available
struns of PAP virus were sustable as antigen and no cross reactions
occurred with mf s Q fever ad rus and
virus of muwce Out of a total of 89 patents studied 1n groups durmg
various outbreaks of chmical PAP isfection from 67 to 905 were
serologically positive by fluorescent staimng dependimng upon the group
mvolved

Ordnary fixation p dures do not d h between
antibodies to the two closely related richettsial spectes responsible for
murine and eprdemuc typhus unless sorption protedures are used Ina
serologsc method proposed by Goldwasser and Shepard (19:9) antt
serum <itutions were prepared 1 soluble type antigens extracted from
both species and also from unwfected yolk sacs The antiserum antigen
mntures were layered onto smears prepared prevsously from murme and
epideric typhus nichettsize  Followmg a bnel mevbaton perod the
overlay was rinsed off and fabeled antthuman globulin was apphed to
each smear as 1o the wsual mdirect staming procedure In most cases
stanung results agreed wath those to be expected on the basms of classie
sarption methods te serum diluted i homologous antigen no longer
caused staming of ether homologous or heterologous mchettame but
serum chluted 11 heterologous antsgen retamed sts affinsty for the homole
gous species while losing <t for the heterologous species This unusual
approach to sorption procedures may be useful i3 other systems as well
since only small amounts of reagents are necessary and mantpulations are
stmple and briet

1

B Bacresia Funer anp SeiroCRETES

In this group of agents whose suze is such that they are readiy vissble
with conventional myeroscopy fluorescent antibody studses ha),c empha
suzed specific 14 and differ of morpholog; sn'mh;"
spectes In addition antibodies n human sera have been detected wit
smears of mtact organisms as antigen

Moody of of (1956} workmg with Uellcomyees psendomaties showed
that a 15 mimute exposure to labeled antibody stamed dried smears of the




STAINING WITH FLOORESCENT 4NTIEODY 231

homologous species brlliantly and distinctnely No eross reactsons oc
curred with 20 strains of other bactenal species cross reactions did oecur
with the closely related spenies A maller
The remarhable sensitnity of the stamng procedure was shown i
studses of pure cultures and of mictures (Thomason et of 1956) A
donaller was d ble 10 as few as 220
bomologous cells per mulliliter regardiess of whether suspensions were
prepared from pure cultures or whether they contamed massine numbers
of other bacterta  In expenmentally seeded soi the orgamsm was detect
able tn samples contasming 2 X 10* cells per gram of sal  Fluorescent
cells were recovered from surfaces exposed to aerosols contamng 16 X 104
cefls per cubic foot In all cases direct examnations were made of the
snvobed antenals without enrichment by cultsvation
Hobson and Mann (1927) prepared labeled zntisera agamnst bactersa
ssolated from rumen comtents of cattle They were able to stam strep
tococer gram negative cocet lactobactilt and gram negative rods m tumen
contents of sheep and calves  Although no extensive serologie and cultural
cross cheching was performed st was clear from the prelwmnary work
that this sethod of Jocating ang identifying orgamsms dwectly from the
gut contents was feasible
z\ retrospective study of an emdenuc of diarrhea caused by entero
Esch coh was p d by Whitaker et af (1957)
Working with 128 frozen stools obtamed three vears previoustv direct
smears were stuned with type specfic (0127 B8) ants £ cols labeled
globubn  Stamg wath ﬂuuresccm antsbody confirmed as postive afl 53
ongmally di d T tional rectal swab tech
In addiwon thxrty e wdividuals who had been posive by stool
cultures 2t some time dunpg the epidemic {but pot at the wme the
frozen specimens were collected) were also found postive by staming
The chmcal and therapeutic Iustory of these cases suggested that the
stanwg techmqgue had revealed nonviable organisms winch had been
mssed ongimally by rectal swab cultures  Specamens from three panents
cutrently hospatahized for dutchea were diagnosed as <ontaming L cols
0127 B8 by direct staming and subsequently by cultural and agglutmation
methods  Specumens from twenty other patients negatue for this stran
by comventonat methods were afso negative by statmng  This unportant
contobution demonstrated (1) that chmcal material could be stawmed
directly for species and stratn identification of tnctersa (2) that orgamsms
which were ble by reason of or physical manipu
fations could stsfl be staned specificalfy with appropriate Iabeled antibody
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and (3) that one could wdentsfy this group of bacteria more quickly and
easidy by the stamng procedure than by conventional methods

De Repentigny and Frappier (1956} prepared labeled antiglobulin
aganst aqueous washings of Hemophulus pertussis grown in hauid medsum.
Homologous bactenal smears made from hgmd or sohd culture media
stained brightly with this reagent demonstrating for the first tme the
presence of an antgenc capsular layer m this spectes even when grown
e hqud medium

Moody ef al (1958) employed sutably sorbed antisera to stan strep-
tococeus groups A B C D F and G m dued smears of pure culturses
After this they compared results of staming procedures and conventional
grouping methods on throat swab matenal obtained from exght patients
In four cases group A streptocaces were found by both methods 1n three
<ases no group A was found by esther method and one case was doubtful
by staimng and negative by culture The sigmficance of these resulis for
the diagnosuic laboratory lies m the fact that the stuming procedure
sielded results mn from 30 munutes to 6 hours compared to the 3-5 days
needed for conventional procedures

Halperen ef ol {1938) studied stamsng reactions of labeled antiglobulin
t0 group A streptococe: In common with Moody of ol (1938} they
fotind a degree of cross reaction with group C but none with groups D
and G Fne other bactenal species commonly found n throat smears
were rmxed with streptococr on shdes and fourd not to stan with the
anty group A glebulir  Disect throat smears were stamed from 49 patients
with seute pharyngitis from whom f hemalytic streptacocct were wsolated
Out of 33 positive by culture for groups A and C 30 (91%) were also
posttive by stumng  Of 50 threat smears from patients with upper
vespiratory mfections who were negate for B hemolytic streptococct
none was positive by staming

Thomason et @ (1937) prepared separate antisera agamst each of the
three classes of found m Sal lla typh e flagetiar
and envelope—and agawmst 2l threa antigens together Portions of each
antiserum were labeled and employed to stamn dned smears of bacters2
Unlabeled portions of the same antisera were used m shde agglutiation
tests with the same cell suspensions wsed for staiumng It was found that
each of the three antigense components 1n the mtact bactersal cell could
be staned spectfically and exclusively by homologous autiglobulin or all
three components could be stamed simultaneousty with appropriate anfy
body Specrficrty of stainng was equssalent to that shows by agglutination
tests takmng mto consideration the different physical conditions of the
two reactions For example flagellar agglutination semetunes succeeded
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i the absence of specific staming because of Toss of flagella by physical
mawpulatsons  These results showed that vistble starming obtamed with
Iabeled antibodies reflected classic serologie reactions of this group as
demonstrated by agglutination and sorption procedures

¥n further studies with Selmonello Thomason et al {19:9) mvestigated
the possible useful) of fi staining for 1dentuf; this group
w fecal speimens or rectal swabs Two labeled polysalent amxglobuhns
were prepared to 45 and 8 dfferent O groups of Salmonella rvespectnvely
to be used as screenmng reagents and to Salwonells ) phosa and Vibrio
comma somatic antsgens for further cheching of posttve stoal specimens
The globulins were first evaluated agamst pure cultures of varous enteric
bactena  In general there was excellent agreement between known s¢
mwloge relationstups of the stramns tested and stansng veactons How
aer when rectal swabs or stool speamens were examined with labeled
antibody  the multipfiesty of seralogic eross refationships with Protetes
E 5

J and Aerob (as d by cultural and serclogic
studies on the same speamens) made 1t smposnble to use the staming
reaction for f with Sah fla alore Thus n this

case the senstivity of the stuming method proved to be a handiwap
sather than an 21d to dizgnoss

Poctschhe ef of (1957) studied antigensc relationships of the bacterial
phase of Proteus morgagnn and s labile and stable L phases They
prepared labeled antiglobubin agawst each phase separately and exposed
tach phase to each of the globulns Swwmiar peripheral stmong of 2l
stages oceurred 1n all cases  Sorptson expersments however indicated that
the three phases were not 1denticat serofogeally

Levina (1958) showed by precipitin reactions that uniabeled antsera
and labeled antsglobubin to Bmllus anthracts were specthie for B anthracs

with  aath Labeled globutin staned

thc homnla"ous specses but not others although the precise identty of
the anthracordes  gram postive and sntestmal bactersa tested was
0t given

A more detailed study of B anthracss was carried omp by Cherry and
Freeman (1959) who prepared labeled antigobulin to encapsulated cells
of this species This zeagent stamed :apsu&ca of mucerd cells 1n 3 bothant
and distinctive pattern N d cefls stasned less brillantly
with ceil walls and septa showsng greatest finotescence  Intraceliutar
spores did not staws but free spores showed fluorescence of a fower fevel
than aither encapﬁulated or nomencapsulated vegetatve cells  Bocilfus
cereits and d Bactllus etative cells stamed to
Vatying degrees with ants-anthracss globulin and it way not posuble to
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elminate this cross reaction completely by any sorption procedures tried
B anthracis 1 tissues of experimentally fected ammals and 1 three
human cases of inhalation anthrax were readily demonstrated with labeled
globulr  Formaln fined and paraffin embedded sectrons could be staned
as well as impression smears Orgamsms showed bralhant fluorescence
1 sections when stained as lon,, as one year after the sections were pre
pared Staming with fluorescent antihody was considerably more sensitive
1n demonstrating organisms m tissues than the Brown and Brenn procedure
for bactera or routne hematoxylin eosin staining

Winter and Moody (1959%) prepared separate antisera agamst Pas
teurclla pestis whole cell and somatic substance antigens  Agglutmation
tests with 29 strans of the homolo,ous species and 19 strams of P
psendotuberculosss demonstrated a high degree of specfiaty for the
antisera  Fluorescemn labeled globulin fractions of the sera gave brillant
specific staimng of P pestis 1 dned smears from cultures or from
nfected ammals (Winter and Moody 1959b Moody and Winter 1959)
The pattern of results indicated that it was envelope antigen which
statned with whole cell anttbody Labeled antisomatic globulin stamed
cells 1f envelope substance was not present because of cultural condi
tions or because of treatment with heat or ethanol Neither P psendotu
berenlosis nor 48 strams of other bacterial species were stamed by antt
whole cell globulin  When mice were mfected with as few as 250 plague
bacillt 1t was possible to demonstrate orgamsms 2 days Jater by stang
tmpression smears of viscera Cultural and serologic confirmation of
staimng results were not obtamable for another 3 days Ths finding has
sigmificant impheations for practical use of the staiming procedure i rapd
diagnosis of P pestts 1n man or 1n field trapped ammals

A comparison of the mmmum number of cells needed for accurate
1dentification by fluorescent antibody stamng and by agglutmation tech
mques was made by Moody et af (1959) They studied pure cultures of
Brucella spp  Bacterum tularense Pasteurella pestis Malleomyces psen
domalles Vibrio comma and Strepiococcus pyogencs group A using ho

)! labeled and unlabeled antisera for staming and agglutination
tests respectively In addition Serratia marcescens was added to bacterral
suspensions to restigate effects of & contamnant Generally agglutina
tion tests required at least 103 homalogous cells per millihiter for a posttive
reaction 1n contrast to stumng which required only 40 to 100 organisms
per milliliter Presence of the contarmnant tended to obscure agglutmation
reactions whereas fluorescent stunmng was unaffected

Other bacterial spectes the specific staming of which has been reported
briefly are Shgella flesners (La Brec et al 1958) Pasteyrella tlarcnsis
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(White and Blundelf 19:8) Listeria monocytogenes {Smuth of ol 1959)
and Erysrpelthne osidiosa (Marshall ezal  1959)

Vogel and Padula (1958) used the mdirect stang procedure to
demonstrate antibodies n patsents infected with Hustoplasma capsulation
Candide albieons Blastonyees derpatiidrs and Craplococes neoformans
Al the fumgy exhibited shight bhwsh preen astofluorescence but upon
besng staned spaaifically each spectes showed a characterisuc flucrescent
pcture When unlabeled normal sertim was emploved as primary reagent
sastead of unlabeled antisesums some degree of staming resulted with all
antigens  In one case of cryptococeal memmngitis the patient s serum was
negatsve for antibodies by several other serologic procedures but was
positsve 1 the stamng reaction  Because of the small number of cases and
strams myvohved m thes study 3t 1s not possible to draw conclusions about
genesal appheabality of the methods employed for detecting anubodies n
fungal mfections

In the first and At present only systemanc survey of stamnng reactions
of fungt with labeled antibody Gordon (1958) obtuned the following
results 28 straans of Candida allicens and 8 strans of Candida tropecahs
yielded strong fluorescence with ant C albecans globubn 67 strams belong
g to 6 other specses of Condide and 15 other gemera of veasthhe
orgamsms stamed weakly or not at all Ant Histoplasma copsulotum
stamed the homologous spectes strongly but not Rlastomyces dermatitidis
or B brashensss Ants B d rowatntedss stamed seast phases of the homals
gous fungus and of C albwcans strongly but did not stan B brasthensis
ot H eopsulatusm

Encouraged by the lugh degree of speasfiaity exinbuted by labeled ant
serum to Candida albicans Gordon (1959) mnestigated m detmf the te
actons of ants Histoplestma capswfatus serum He found that labeled
globuhin derived from rabbuts mfected with the fatter species was capable
of dhfferentinting this species from tssue forms of other pathogens
clnding Blastomyees dermatitidis Orsplococcus neoformans Spovotrichmn
schencka Lesshamana donorams and Taveplassa gondn

Moutton and Howarth (1057) demonstrated Leptospra cameola m
lndney sections of snfected hamsters by specsfic stumang wath labeled
humologous antisernm  Distribunion of orgamsms Was smular to that
shown by Levadin s siher stawn on alternate secuons They also stamed
impression smears prepared from membrane filters through which culteres
of Yeptospera had boen filtered

tection of antibodies to Treponema pallidum by the mdwest staming
Procedure was myvestigated by Deacon ef of (1957} Antigen consisted
of smears of dned spirochetes from testiculir tissue of wfected vabbits
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Serial bleedings from three expenimentally nfected rabbits and human
sera from Iaboratory stocks were tested by this mathod m comparison to
three other logic p d for syplulis detect A raryng pattern
of positrie zesuits was obtamed but the number of sera reported was too
small to allow general conclusions to be drawn as to broad applicability

of the test mn syphulis serology

C  Protozos anp HeLdmintes

Daffer of two morphok fly ssmilar spectes of parassiic amebas
Entamocka lustolyticg and E cols by stasmung with spectfic labeled ant
globulin was imvestigated by Goldman (1933 1954) Fach speces of
cultured ameba stamed most bughtly with homologous antbedy but 2
lesser degree of cross stainng also occurred with heterologous antiplobulin
When various combinations of the two species (alone together or muxed
wath other amebas} were exposed to fabeled antibody 1t was possible to
describe the contents of each mixture on the bass of stamng results m
terms of the presence or absence of one or both species  Staming tests
with four other spectes small race E Fustolytica (= Entomoeba
hartmannyy K ba snradens Dient ba fraphis and Endohmarx
nane resulted i rmmal fluorescence with both ant B fustolyfice and
antt E col conjugates Comentional methods for estimating brghtness
wisually were employed in these experiments To facshtate more refined
studies of antigeme relationships n this group of parasites 2 mucro
fluorimeter was employed to measure the brightness of mdndual amebas
stuned with labeled antihody (Goldman 1960) By standardized pro
cedures for preparing stamung and measurtng orgamsms it was shown
that E harsmanm conssdered by some to be only a size varant of £
Instolytica was as different antigenically from four stramns of £ Justolylita
as were £ cols and hkorshs {Gold 1959) It was
also shown that a possble antigenic difference existed between three
cultured strams of orgmally smasne £ fustolytice and one ongumally
nommvashe stratn of the same species

Toxoplasma gondy has been stuned speaifically 1n smears of perttoneal
exudate from acutely imfected mice {Goldman 1957a) and in frozen of
paraffin embedded sectsons of mouse tissues (Carver and Goldman 1959)
Yot spute of the small size of mdwadual parastes they were resddly demon
strated m sections of spleen lver lung and bram In the case of mice
infected with a chronic strn of Toroplasma cyst stages were stamed
m brun tssue  Specfic fluorescence of the cyst wall supported the
hypothesis of parasite ongn of this structure (Lamson 1958)

Smears of formaln washed tovoplasms have been used as aphigen 10 3
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serologie test for antibodies to this species using the mhibition staining
procedure (Goldman 1957b) A comparison of results obtamned by this
test and by the methylene blue dye test (Sabm and Feldman 1948) on
230 sera showed good parallelism 1n identifymng positive and negative
reactors with the fluorescence test smewhat less sensitive than the dye
test However the fluorescence test was simpler to perform and used a
dead relatively stable antigen in companson to the live unstable antigen
used mn the dye test

Because of difficull d with 1d of Anapl
margsnale 1n erythrocytes of cattle with low grade infections Rustic ef af
(1957) prepared labeled ant1 Anaplasma globuhn for use as a specific
stain for the organism  With this reagent 1t was possible to demonstrate
Anaplasma m alcohol fived blood smears A carrter animal whose blood
was negative by Giemsa stamn showed several Anaplasma like bodies
when staimed with specific antiglobulin  Fluorescent staimng was not
evaluated m comparison with conventional methods on groups of known
2nd unknown mfections

Beale and Kacser (1957} attempted to localize antigenic sites of
Pargmecsion ayreha by exposmg mtact lving or killed paramecia to
labeled spectfic antiserum Distinctive reactions occurred with homolo
gous but not with heterologous serotypes even though the latter were
in the process of conjugation with homologous indswiduals It was con
tuded from the distribution of specific fluorescence that immobrlizatton
antigen  was not of cihary origin but was rather an exuded flud sub
stance covering the whole surface of the paramecia

McEntegart ¢? al (1998) were able to demonstrate differences 1n stain
ng reactions between Trichomonas zaginahs and T foetus using specific
aatiglobulin to each spectes When antiglobulin to one stram of the
former species was used to stan a different 1solation of the same species
reduced fluorescence was observed The extent to which this demonstrated
real stram distinction could not be determined on the basts of these pre
hmnnary observations

Fife and Muschel (1959) wused the mndirect stamng procedure as a
serologic test for antibodies to Trypanosoma cru t Antigen consisted of
Sashed formalm hilled T ¢ru & obtamed from cultures Since hemo
flagellates dried on shides stamed nonspectfically with normal serum testing
was done with suspensions of antigen m which condition non pecific stain
g was not a problem A comparison of fluorescent antibody and comple
ment fivation tests on 130 human sera showed the former test to be
siuhtly more sensitive m detecting nfections However the fluorescence
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procedure also showed some weah reactions m nomnfected mdnadualy
who were negatne by the complement fixation reaction
Jackson (1939} exposed Inmg intect adults and Jamae of Trchindls
sprralis to fluorescem tabeled antibodies derwved from rabbsts undergomg
wlechons with this helmnth  In addition sections of adults and barvae
occurrang sn yats and mce were studied  The external precputates which
ordmarily form arotnd the oral anal and vubal onfices of hving worms
bated it specific antiserum were highly fi when labeled antt
sermm was employed  Nesther mternal tissues nor cuticle was stamed
while the worms were alne  The digestive tract of sectioned worms was
stamed by alf of the Iabeled antisera but reproductive crgans and musen
lature were stamed by some sera and not By athers In no case did the
cuticle stan  These results were tahen to miicate that excretions amd
secretions from the <higestnve tract were the most camman antigenic stamn
lants m mfected rabbits  Antbody respomses to antigens from other
worm tissues developed less regularly depending perhaps on the number
of pavasites undergomg dissolution m the host

1V Bummary

The fluorescent antsbody Lterature which 1s concerned with viruses and
bacteriz 15 sufficently extensne and vamed fo mdicate the types of
imestigation with these agents which are bhely 1o be profitable 1n the
field of tropical medwsne Howeer 3t may be appropnate here to
comment Briefly on the possible sofe of lakeled antibodies m the fields of
protzoology aad helounthology

Precise identification of erotypes n bacterta and mn protozoa such 38
Paramecuwss has thrown much hght on previously nbscure epidenuological
and tuological patterns It 15 reasonable to assume that smular hoowledge
about 7 anrebas fagelk and Pl d would hase 2

ymlar enbightening effect  Serol studies with ant:body
m Salmonella (Thomason et of 1957) Escherulna col (Whitaher of o
1957) Rukettse {Goldwasser and Shepard 1959) Paramecunn {Beale
and hacser 19573 and Entemorbs (Goldman 19:9) indscate that this
qew methodology s especaally well sunted for such mestigations  Few
organisms are needed to serve as antigen and the presence of gross con

wih other 3 debris or hast wissue
smay not kave any significant effect on reactsons with the prgamsm bemg
studsed

The size and morphological complentty of most helnmnth parasstes
mahe 1t unneces ary to resort to fiuorescent antsbods for identsfication
purpases  Howerer larsal filartas wn Blood or n the mosquito fost and
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obscure lesions such as occur 10 eosmophilic Iung  may be more readily
identified wath the aid of specific labeled antibody than by other means
In addition the fine serology of large parasites eg antigematies of
different structures 1n Ascarss are hkely to be more readily and precisely
studred by microscopic tmmunochemustry than by grosser methods
Serology and mucroscopy are fundamental tools for the brologist Ap
pheation of the combined too! labeled antibodies to problems mn tropreal
medicime can serve only to ncrease greatly scientific hnowledge i this
area
APpENDIX
1 Il muators for Fluo sc nce f croscopy
Amenican Optical Company Buffalo 15 New York
Ernst Lestz GmbH Wetzlar Germany
C Rechert A G Herralser Hauptstra se 219 Vienna SVII Austria
H VWild Surveying Instruraents Supply Co Ltd Heerbrugg Swatzerland
Carl Zeiss Oberkochen Germany
Label ng Reagents
a Fluorescein amine fluosescein 1soth ocyanate rhodarmne B sothiocyanate and
labeled antisera are available from the following dealer  Since catalogue items
change peryodically not afl reagents are equally avarlable from all d stributors
Baltimore Biological Laboratory 2201 A qu th Street Balt more 18 Maryland
Dajac Laboratories 5000 Langdon Street Ph ladelphia 24 Peansylvania
Delta Chemical Works 23 W 60th Street New York 23 New York
Nutritional Biocherucals Corp 21010 Miles Ave Cleveland 28 Ofio
Roboz Surgical Instrument Co <500 Wisconsit Ave NW Wastungton D C
Sylyana Chemical Company Orange New Jersey
b 1 Dimethylamino naphtlialene 5 sulfony] chlonide may be obtan d from the
Cahforma Foundation for B ochen ical Research Los A geles Calforna
¢ Nuclear fast red may be obtatiei from George T Gurr Ltd Londn S W
6 England
d Lissamne rhodamne B 200 1s available from Imperial Chem cal Industries
Dyestuffs Divisio Manche tee England
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Ticks and Tick Borne Diseases Some International
Problems and Cooperation i Therr Study*

Harry HooGSTRAAL
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Few phases of medicobiological science impinge upon so many inter
disciphnary and boundarses as rescarch on tichs and tick
borne diseases of man and ammals In many parts of the world but es
pecially 1n the vast areas of developmng countries problems of expanding
and 1mproving ammal resources are correlated with those of mmproving
human nutntion providing resistance against disease and increasing living
standards The most mmportant tick parasites of Livestock usually also
vectors of human d: eases interest publc health and vetermnary speciahsts
alihe Workers 1n the fields of human and vetermary medicine frequently
50 closely collaborate and cooperate in studies on zoonoses that therr col
leagues are sometimes troubled to recall whether they are human doctors
or ammal doctors  VWhen wild bird or mammals serve as hosts of one
or more developmental stage of tichs field laboratory and museum hiolo
gists play a sigmificant research role  Virologists richettsiologists  bac
teriologists and protozoologists become 1nvolved owng to ticks unique
ability to harbor and transmit a considerable variety and number of patho
gemic orgamsms

The tremendous amount and range of tick infested and disease mfected
ammal movement occurring dath 1 many areas of the world 1 seldom
realized Herds travel great distances often across provincial or national
boundaries n search of water and grazing Ammals are transported on
fast railroads and ships to populons urban centers for slaughter and by arr
for exhibinon or stoch mmprovement Pack ammals trek across deserts
and mountain ranges 1Wild ammal migrations are in some 1nstances equally
Dumerous and far reaching Millions of mugrating burds rapidly flying
between continents may be virus infected and tick infested  Practically
o economically important tick species 15 confined to a single mation no
matter how large 1t may be Through one or more agenctes populations of
the world s most serious tick species have become established far from
therr onginal endemzc area

—_—_

1 The opimons and assertions contamed her in are the pr vate ones of the author
and are nt to be constrited as official or reflect ng the views of the Navy Depart
e t of the naval service at large From Pesearch P oject NM €3 03 033 Bu exu of
Med e1 e and Surgery Navy Department Washi gton 2> D €
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One of the most nples of this and 1
gamut 15 the tich vectored Russian Spring Summer (RSS) complex of
Asiatic European virnses The antigemc characteristics of these varuses
are dentical or quite similar but their disease symptoms and epidemio
logical patterns differ greatly The classic northern Asatic forest RSS

hal: a paralytic pol phalomyelitis has phical forms of
varymg seventy and mortality (Smorodimtsev 1958) A biphasic me
mngoencephalitic form with a low mortality rate occurs 1n forest areas of
European USSR and parts of Austra (van Tongeren 1955 san
Tongeren et al 1955 Verlinde et al 1935 Pattyn and Wyler 1925) A
third syndrome louping 11l an epizootic encephalomyelitis of sheep 15
found 1n pastures m Scotland and northern England where unlike the
other forms man 1s seldom involved (Smorodmtsev 1958) Another
subgroup of the RSS complex causes various types of acute imfections
hemorrhagic fevers with differing pathogentcity tissue tropism and ept
demiology 1n Crimea Siberia and Uzbehestan Central Asia (Bilibin
1950 Gajdusek 1953 MacLeod e @f 1956 Konowalchuk ef of 1957)

All RSS complex wiruses are tick borne [vodes rictnus (Linnaeus)
I persulcatus Schulze Haemaphysahs conctnna hoch Dermacentor sil
zarun Olenev D pictus Hermann and Hjalomma margimatum hoch
[= H plumbeum (Panzer)] have been incrimmated as tick hosts and
vectors of RSS complex viruses Hvalomma detritum Schulze and Rinps
cephalus turanicus Pomerantzev have also been suggested as vectors The
European biphasic disease 15 also acquired by drinking virus infected milk
of goats bitten by infected tichs [ very tick species differs 1n host predtlec
tion 1n each of its three developmental stages as well as n seasonal
activity temperature and humidity requirements geographic distribution
and many other factors Vertebrate hosts parasitized are many hinds of
small rodents various squirrels hares elks wolves all domestic mam
mals man and a large vanety of birds Ecological zones infected are
Stberian cedar and broadleaf forests European ptne and broadleaf forests
and Crimean and Siberan grassy lake and wooded steppe areas

For years these diseases were believed to be confined to specinc areas
of the USSR nearby eastern and Central Europe and restricted local
1ties of the British Tsles In 195% howerer disturbing reports of neutral
szng antibodies to RSS virus 1n 6 of 26 human sera from Saurashtra
peninsula Bombay State India suggested human RSS virus nfection
far south of its previously known geographical and ecological range
(Smithburn et of 1954 Rerr and Gatne 1954) In Malaya Snuth
(1956) provided another surprise by 1solating a RSS group virus (TP21)
from tropical forest insectnore and rodent tichs Ixodes granulatus Supino
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The same year an epidemic of a prolonged prostrating febrile and often
fatal human 1llness hyasanur Forest disease (hFD) broke ont m a
Mysore India wvillage adjacent to o tropwcal forest m which monheys
were also dving (Work and Trapido 1957 Vvork et o/ 1957) For
tunately a virus research laboratory sponsored by the Indian Courcil of
Medical Research and the Rochefellr Foundation was then bemng
established at Poona Rapid deployment of highly qualified sersatile
Indan and Amerscan scientists expersenced in clincal medicine virology

logy logy logy and p logy prowided within
a few months a umque and remarkable eprdemologcal account of this
and subsequent KFD epidemics m Mvsore forest edge villages (Work
1928}

In India where desciptions of disease symptoms and eprdemics are
part of tradition these explosive I FD outbreahs were entirely new and
dufferent from any illness m contemporary written or legendary history
Death of two spectes of wild monkeys m forests suggested sylvan yellow
fever far from its known American and African range A week or so
after having wisited these forests usually to gather wood villagers sud
denly succumbed to a severe febrile illness Among a variety of symptoms
extensive hemorrhea was prommunent This syndrome suggestive of Omsh
hemorrhagic fever was soon proved by the Poona Laboratory to be
caused by a RSS virus closely related to the Siberian type Besides
monkeys palm squirrels and forest shrews possessed neutrahzing anti
bodes  Endemic ticks Ho hysals spungera common on
forest monkeys and birds and also parasitizing the palm squirrel were a
source of KFD virus

Work (1958) concluded his classic review of two seasons mtensne
study of KFD epidemuology by saytng preliminary clues mdicate a
possible mechamsm for introduction of the virus into this newly infected
area from elsewhere 1n Indm if not from north of the Himalayas Cer
tanly enough evidence exists by commonplace finding of Haemaplysals
$pwmigera on birds 1 hyasanur Forest and repeated wolations of KFD
wirus from this tick species to suggest that tck infested birds may play
an mportant role in the spread of the virus to peighboring susceptible
forest areas 1 India

Another g ntal ! subject concerns
a complex of febrile exanthematous syndromes mn most of Afrzca southern
and southeastern Europe parts of the Near Bast and India Related to
Rocky Mountam spotted fever of the Amencas (Badger 1933 Hass and
Puinkerton 1936) a sigle agent Rickettsia (Dermacentrosents) conorn
Brumpt 1932 15 tentatisely beheved by Stenhaus (1947) and others to
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cause the diseases referred to as fidvre boutonneuse Marseilfe fever fievre
eschonodulare eruptive fever South African tich bite fever tich typhus
Pretoria ten day fever East African typhus henya typhus Abyssuman
typhus ete  Indian tick typhus 15 also caused by R conorss (Philip ct al
1950 Phiip 1952) Although fata'ties are few patients suffer severe
pam and debility South African workers maintam that the local stram
differs sufficiently to warrant subspecific status 1anety pypen (Do
Amaral and Montetro 1932 Mason and Alexander 1939 Pyper and
Crocher 1938 Gear 1954)

Bits and pieces of expertmental and circtmstantial evidence i scattered
areas of the three affected rtebrat
reservorrs and arthropod vectors of this zoonosts In southern and south
eastern Europe and nosthwes'ern Africa domestic dogs and hennel
tichs Rluprcephalus s sangumous (Latreille 1506) appear generally to be
mvolved However in southwestern Irance and Italy Sigalas and
Lamontellerie (1954) and Berr1 (1923) respectvely suggest that the
evidence mertminating ticks ts so shght that other insects should be
examined for their ability to vector the richettsa  Populations of & «
sangumeus 1n northwestern Afria are considered to be more aggresste
toward man than those elsewhere m Africa Lurope or Asia but the
direct evidence 1 flimsy Research adequate to deternune the role of
noncamne vertebrates as reservoirs has not been undertaken m Europe
or northwestern Africa although rickettsiae have been recovered from 2
few dogs n these areas In Cairo and 1its envirans where dogs and heanel
ticks are extremely common no cases of boutonneuse fever have been
dentified

The work of Heisch et al (1957) in the Natrobr area of henya casts
much doubt on the role of dogs as domestic reservoirs of Rickettsia conorn
and incriminates 1n their place field rodents of the genera Otomys and
Lemnisconys  No infected hennel trcks Rinpwephalus s sanguineus
were found but Haemaphysalis leackt (Audawn) and Rhspcephalus s
simus hoch were infected and a single strain was 1solated from Ambdlyont
ma wariegatum (Fabricius) Tnoculation of stramns from ticks mto human
volunteers produced symptoms varymg from mild to severe These
results contradict those of Roberts (1935) who was convinced after
1olating Rickettsia conorss from kennel ticks around Nairobr that Rlupr
cephalus s sangiumuus 1s the chef 1f not the only veutor here In
Ettopta however Reiss Gutfreund (1956) concludes from hmuted ob
servations that R s sanguneus and B simus simus are the vectors

Boutonneuse fever enzootic 1n South Africa ss mbmately assocated
swith the ve'd but occurs also m uchan suburbs Local workers consider 1t
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probable that most species of 1xodid ticks are capable of transmitting the

disease and specify espectally Amblyomma hebraewm hoch Rhupicephalus
appendiculatus Neumann R ¢ evertss Neumann Haemaphysohs leachn
and Hyalomma truscatum hoch [= acgvpticiom (s1c)] (Gear 1954)
Here also field rodents Rhabdomys sp and Ofomys sp as well as com
mensal rodents Ratfus rattus were found to be mfected Dogs may play
2 muor eprdenmological role but therr actual degree of importance does
not appear to have been sufficrently mvestigated In the absence of
vertebrate hosts the richettsia can be transovarally transmitted indefi
mtely 10 Haemaphysahs leachi and  probably 1n other species of 1xodid
ticks (Gear and de Meillon 1941 Gear 19>4)

Indran tick typhus 1 thus far assoctated only with a few dogs and
strains of their common tick parasites Riuspicephalus s sangusneus The
epidemtological picture 1n the Congo s wildly confused A Siberan
form appearing to belong to this etilogical group and occurring 1n
groun] squirrels and other rodents 1s transmutted to man by Dermacentor
nuttglls Olenev D sil arum Olenev and Hacmaphyvsahs concinna hoch
(korshunova 1943 Bocharova 1943 Shhorbatov 1944 Krontovshaya
and Shmathoy 1943) Infected larvae have been collected from Stbertan
rodents and infected adults were taken from cattle and dogs

Epidemiological facets m none of the above mentioned instances have
been satisfactortly eluaidated Comparative studies of various stramns
the importance of transovarial transmission of the etiologic agent m
different tich hosts and under dissumilar ecological conditions the question
of vectors other than ticks and the role of domestic dogs and/or com
mensal and wild ammals as vertebrate reservoirs are some of the chief
factors awaiting focal studv and evaluation

While the epidemuology of boutonneuse fever remams poorly known
Many aspects of another widely distributed acutely febrile richettstal
disease Q fever caused by Riclettsia (Contella) burnetts Derncl 1937
are well studied Recent reviews and textbooks stress mhalation of in
fected dust consumption of nfected mulk products and contact with 1
fected ammal parts as sources of the organism causing numerous dramatic
Outbreaks 1 mulitary personnel schools institutions laundries and
slaughterhouses  Unrecogmzed before 1935 the agent of this world wide
disease was 1n early stages of imiestigation frequently recovered from
Hacmaphysahis Ixodes Dermacentor Amblyomma Boophiius and Hy
aloming ticks and transovarml transmusion was demonstrated n several
Species Wild mammal and bird reservoirs were al o discovered  After
the imitral brief flurry of interest n this disease as an enzootic phenomenon
the attention of practically all researchers pubhic health anthorities wniters

-
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and revieners turned to the epizootic aspects of transmssion  The bawie
natural hustory of the disease tantahzmugly suggested by early workers
remains not only almost entirely unknown but also of Iittle or no mterest
to contemporary researchers Yet in this ever shrmling world with ats
increasingly traveled population and fast vehicles exposure of nommmune
persons to the enzootic disease comstantly widens to a degree sncom
prehensible 2 generation eacher Ot constderable human health signin
cance this easily studied phase of Q fever epidemology should attraet
rickettsiologists  vetermanans log P 1 and g
and public health authonties to reveal the role of wild ammals and ticks
as reseryoirs 1n nature

Owing, to the expense and numerous other problems confronting the
still hmted virological facilities of the world surpnsingly little research
mto viruses in tichs has thus far becn undertaken The value of attempts
to 1solate viruses from tich species mn general and especally from those
parasitic on birds was illustrated n Egypt by 1solation of several viruses
1n two or more new groups from Argas persieus (Oken) and 4 hermanm
Andoumn tick parasites of hirds (Taylor and Hurlbut 1958) One of
these new tich viruses was also 1solated from children with acute febnle
illness  Sera from 4 to 16% of village residents possessed neutralizing
antibody suggesting past infection with this or a closely related wirus
An apparently important bird host of this virus 1 Eguvpt 1s the cattle
egret or buff backed heron Bubulcus ¢+ sbis which has recently become
established 1n the Umited States where Argas persictts also occurs  Sev
eral still unstudied Indian tick viruses have been 1solated as well (Work
1959

Wzst Nile (WN) virus first 1solated from a human being i Uganda
(Smmthburn ¢f ol 1940) and d ated m indig popul
of Uganda Sudan Kenya and Belgian Conga (Smuthburn and Jacobs
1942 Smuthburn 1952) 1s now hnown from epidemiological studies
Egypt and the Sudan to be a common bird mosquito man 1nfechon (Tay
for et ol 1956) WN wirus has been ssolated from naturally mfected
Araas tichs m Egypt and three tich species Ornithodoros saignys
(Audomn) O erraticus Lucas and Argas persicus (Ohen) become 1
fected during expenmental feeding on infected amumals O sugny1
after parenteral infection transmtted the wirus when biing mfant
mice and the virus was salated from its coval fund (Hurlbut 1956)
Extensive epidemics of WN fever have occurred among nommmune
migrants in Palestine (Bernkopt et ol 1953 Goldblum et al 195%)
and the wirns has recently been 1solated from human beings i India
(Waork 1950) Apgarently sporadic imfections of W wirus occur m
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the dry grassy central plateau of South Africa where owing to cold and
dry winters endemic mosquito infections are unbkely (MacIntosh per
sonal communtcation 1959) This suggests introduction by mugratmg
buds of a bird mosquito adapted virus mto new areas of susceptible
buman beings and a possible role of bird ticks n virus mamtenance n
nature

Numerous birds throughout the world have been found as tick hosts
durmg nugration and while resident mn virus infected areas An endemuc
Afniean tick Hyalomma rufipes hoch associated with many human and
ammal pathogens (Hoogstraal 1956a) was postulated by Pomerantzev
(1950} to have been mtroduced and established wn certan Russian areas
through the agency of migratng birds At least twenty hinds of migrants
from tropical Africa to eastern Europe and Russia carry H rufipes as
they pass over Egypt (Hoogstraal and hawer 1958a Hoogstraal ef o
m press) Simlarly scattered exotic poptlations of 2 European Asiatic
tick species Haalonma marginatim hoch incrimunated i the eptdemiol
ogy of RSS virus and other pathogens have been found m Africa Birds
were suspected but not known to carry this tick species nto Africa until
mfested migrants were recently recovered m Egypt This source 1s also
responsible for the periodic bhshment of H X
far notth of therr usual range in U S SR (kurchatov 1939)

Endemic polar and widely ranging oceantc birds are common hosts of
Argas Ormthodoros and Ixodes ticks but their relation to viruses re
mamns unknown

Owing to the number and varsety of opportunities for transport of tichs
knowledge of spectes distrbution 15 essential The scope of this m
formation 13 rapidly increasing 1n many parts of the world Some ont
standing recent examiples of faunal generic or geographic reports are
Dumbleton (1953) for New Zealand Roberts (1953) for Aponomina
and Amblyomma of Australia hohls (1950) for the Philippines Kohls
(1957a) for Borneo and Malaya Toumanoff (1944) for Indochma Anas
tos (1950) for Indonesta Kohls (1953) for Guam Kohls (1957b) for
Micronesia Keegan and Toshioka (1957) for Japan Korea and Ryukyu
Idands  Pomerantzev (1950) and Serdyukova (1956) for USSR
Po pelova Shtrom (1953) for argasids of USSR Galuzo et of (1958)
for Razalhstan and Central Astan republics Hoogstraal and hasser
(1958¢) for Iraq Hoogstraal and haiser (1959) for Arabia Kurtpmar
(1954) for Turkey Pandazs (1947) for Greece Emgh (1947) for south
astern Europe  Starhoff (1958) for Italy Hoogstraal and Rauser
(19:8) for Egypt Morel (1958) for French West Africa (domestic
anmals) Tendero (1952) for Portuguese Gumea Prerquin and Nieme
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geers (1957 for Beigian Congo and Ruanda Urunds Hoo,,straal (19562)
for Sudan Theter and Robison (1954) for Angola and Rhodesa
Zumpt {(1958) for Bechuanatand Theiler (1941 1943 1945 1947 1948
1949 b 1950a~c 1956) and Theier 1nd Robmson (19532 b) for Union
of South Africa (certam species) Hoogstraal (1953) far Madaga can
archipelaga Gregson (1956) for Canada Cooley and Kohis (1944) for
argasids of North and Central Amenca and Cuba Cooley (1938) for
Dermacentor and Ofocentor of the Umted States Cooley and Hohls
(1915) for [xodes m Notth Amenica Bishopp and Tremblv (1915) for
North America (certain species) and Aragio {1936) for Brazl

These faunal geographic or generic studies 1n many instances provide
valuable background data on tichs in a speafic area The data for 2
few species however are sufficiently numerous accurate or precise to
provide information adequate 1n scope tot planming and executing stientific
and econerue tch coutrol programs or epidemiolagical studtes For a
much studied superfamiy (Ixododes) 1 which no more than 700 spectes
are how hnown to exist a surprising number of perplexing and complex
systematic problems rematn  Brologieal ecologieal and  physialogical
studies commensurate with therr considerable economuce mmpartance have
been accomphished far very few of the world s common tick species

Fach speaies deserves sepous study  Species are smportant because
thev represent an important level of integraton in hving nature This
recogmtion 15 fundamental to pure biology no less than to all subdivisions
of apphed hiology Whether he realizes 3t {or not] every biologist—even
he who works on the molecular level—warks with species or parts of
spectes and his findings may Le mfluenced deerstvely by the chowce of 2
particular species  The commumeation of his results will depend on the
correet sdentification of the species imolved and thus on ats fazonomy
(Mryr 19573

A case n pomt and a further example of both the mterdependence of
faxonomie biological and epidermologieal studies and of the need for

) and interp 1 coop 15 the present systematic

status of the wefl hnown African relapsing fever vector Ormt lodor ¢
monbats (see Hoogstraal 195Ga pp 119-190) Taxonomcally o
1 oulata was for over fifty years considered to be a settled matter B
Jogically a few perspicacious persons were uneasy about the relationshps
Letween these tichs chichen and man and between populations from
human habitations and wart hog burrows or wild tortoises Epwdemt
ologically 1t was noted with no further evidence of curtostty that some
0 maonbote fop were con! Ty 1 with s and
essted 1n the absence of relapsing fever Econonueally a fen public
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health authomties cautiously questioned the necessity of spending large
sums of public or industrial funds to elummnate all O moubata foct 1n
therr area

Waltons (1950 1953 1955 1957 1958a b 1959) work shows that the
O smoubata complex conswsts of three distinct groups i which morpho
logical as well as physiological and biological differences will probably
Justify subspectfic status The first domestic  group mcluding several
minor bological vanants mhabits human dwellings 1n East and West
Central Africa The second  wild  group ewsts m wart hog burrows
from the Sudan to the Transvaal The third group occurs tm human dwell
mys n the Union of South Afni 2 and Angola The wild group 1s also
found m some Fast African human dwellings even at high altitudes m
smafler mountan ranges Early attempts to isolate and identify Last
African domestic vatiants was much impeded by this confusing factor

Three domestic variants were recogmzed A mammaban feeder was
confined to cool damp highlands An avian teeder was widely distributed
1 warm and damp areas and a mixed feeder centered m and areas

Behavior differences tm O nmroubata populations markedly affected sp1
rochete transmussion On the Iienya coast 1 domestic stramn fed almost
exclusively on fowls in the absence of spirochetes In high rainfall areas
of northeastern Renya and northwestern Tanganyiha highlands a stram
with a hiugh selectnity for human blood and existing 1n floors of huts trans
mutted spirochetes

Further south m the Usambara mountans and on the Tanganyika
plateay tich mfestation increased but relapsing fever decreased mn huts
containing fowls This relationship changed however n the central ard
areas where tick density remamned unaltered at all relative humdity
(RH ) values 1n the presence of fowls However in the absence of fonls
density increased 1 proportion to decreasing R H values and relapsing
fever ajain became enderme

Subsequent worl revealed that pure hnes of these biologicallv distinct
Populations could be obtaned Individual charactersstics of water loss
survival rate under starvation number of nymphal molts host predilection
and coxal flurd excretion were determined Morphologcal criterta such
as of number of setze length of
tarsus form of Haller s organ and stze of chelicerae were established and
subgroups wath distinctrve hair lengths and egg size and color were cor
related

This brief review of some results of pamstahing research often at great
ko the nudst of msurrection 1llustrates what a smgle worher can
accomplt hina few years time C(omparatne collections of hving matersal

-
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furmshed by colleagues in ather areas supplemented what could be col
lected per omally Pret y data of ding s gmfi to epdemt
ologists public health officrals biologists and taxonomusts have been made

fable but much add ) nf remains to be obtained  Swmlar
problems of mutual professional and regional interest have been met 1
other fields here 18 a comparable challenge awaiting acceptance

Although Ormithodoros moubata 15 an example of a single vector speces
whose long settled systematic status has suddenly become moot the taxo
no~u¢ posthon of practically all species m certain entire 1xodid genera
remaned questionable vt very recently when rehable spepfic entern
were at la t developed The genus Hyalomma as an example and the
wterdependence of taxonomsc and epidemolog ¢ research was discussed
at the Sixth Internanonal Congres es on Tropical Meditine and Malana
(Lasbon 1958) (Hoogstraal and katser it press)

Hjalomme ticks ranging from the Atfantic shores of southern Europe
and of Africa through the Near and Middle East to India are pre emunent
reservorrs and vectors of 2 wide vanety of pathogens causing human and
anmmal diseases (ep Q fever tularerua at least two hinds of hemor
rhagic fevers Spring Summer and other mosquito borne encephalitides
boutonneuse fever plague brucellosis thederasis of cattle and camels
equine and bird piroplasmosis and theenasis nchettsiae pathogeme for
guinea pr,s and sporozoa of tortorses)  Injures resulting from Hyelomma
tntes are tick paralysis anemia sloughmg of host skin causing abeesses
Liable to secondary infection sweatirg sickness of cattle footrot and
tameness and paralisis of sheep and calves As research contiues other
diseases and myunies will undoubtedly be added to this hst

In spie of their economie ipportance httle effort has been made fuily
to define Hyalomma species and their range and honts of varation Evalu
ationt and practical appheation of results of scores of ncrdental and mony
meptal taxonomic biological and epidenmological studies refernng to 2
jumble of unrecogmezable Hyalomun.a appellations are largely worthless
owing to uncestainty of species with which they deal Apphied researchers
have wasted considerable time mioney and resources by overlocking the
necessity of being able to 1dentsfy de.cnbe and differentiate Hyalomma
species

In hochs (1844) Hyalomma review sixteen species were recogmzed
Because of their great superfical vamabihty Neumann (1911) reduced
these to four spraies Between 1919 and 1950 the Schulze school named
some eighty forms mostly by means of a few ambiguous sentences Delpy
(1946} commenced to rear progeny from single females and made notable
b taward stabilizing, Hyalomma y  When

prel Y o
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the problem became too vast for his facilities he synonymized hterature
descripions and illustrations under a dozen species (19492 b) During
the same period Adler determined the highly specific dragnestic value of
the female gemtal area (Adler and Feldman Muhsam 1946 1948)
Hoogstraal (1956a) showed the practical application of this character n
wdentification of field collections

Discovery of the diagnostic value of the structure of the Haalomina fe
male gemtal area has proved to be an immense boon to tick taxonomy
Even m this genus however other morphological and biological charac
fenstics require evaluation before andividual species can finally be estab
hshed Females of certamn species widely separated geographically and
with greatly differing host preferences seasonal periodicity and other
features are practically indistngtshable on the basis of this character
alone  When applied to other taxonomic groups the over all range of spe
afic and group gemital area vanation must be even more carefully studied
n the imtial phases  Such 1nvestigation 15 a slow one requiring numerous
samples from widely scattered geographical areas and laboratory rearng
of progeny from representative females from a number of areas Here
museum type studies of any preserved specimens that happen to be
available are largely worthless Experience shows that there 1s no substt
tute for extensive personal collection and observation by the mdividual
Tesearcher combined with begging and interesting persons i the field
In other regions to make every effort to obtan additional comparative
series and data A conclusive study therefore results only after expendt
ture of time and energy by worhers i several disciplines and countries

Ore fundamental approach to improving knowledge of tich taxonomy
distribution seasonal activaty host relationships and ecology 1s to collect
data and speaimens from all environments and hosts at each season of the
ear n the largest possible geographical area When results from these
activities can be correlated with host surveys (Hoogstraal 1956b) they

ome additionally useful

Recently the Faod and Agriculture Organization of the United Nations
(FAO) asked 1ts speciabsts m northern Africa and the Near East to
o what they could 1 surveymg their local tich fauna a program m which
the U S Naval Medical Research Umit at Caro eooperates by wdentifyin,,
Specimens and offermng and equp! Even the hat
limited response that resulted from this request has provided a large
Amount of new and important bological and taxonomie data all of which
are rapidly made known to colleagues everywhere

Many orgamizations such as mumstries of public health and antmal
Tesources educational and research mstitutions game departments inter
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national cooperation groups natural history museums collectors of entomo
logical and vertebrate specimens and others have facilities witfun therr
eusting frameworl, to collaborate m surveys Centers where studzes are
already 1n progress are usually happy to accept tramnees for this purpose
In Africa and Asia where most of the world s poorly studied tich species
and tick borne diseases of man and animals occur a number of research
centers now devote much effort to solving outstanding problems on a
regional rather than on a local basis

In southern Africa Dr G Theiler of the Onderstepoart laboratory and
in eastern Africa Dr ] Walker of the East African Veterinary Research
QOrganization function as authonties for regional 1dentification of tichs
sources of suggestions for methods and techniques and centers for dis
semmation of knowledge The tremendous Indian subcontinent 1s being
actively surveyed by Drs H Trapido and R Varma of the Virus Research
Centre at Poona Numerous factlities for thrs purpose exist in the USSR
and Japan NAMRU 2 on Formosa 1s producing valuable information on
the ticks of that and nearby 1slands

For the Americas the functions of the Roch Mountain Laboratory as
a research reference and tramnmng center for tich borne disease problems
have been a classic example of interprofessional and internatronal coopera
tion for two generations

By collaboration wathin the hnuts of their available funds and existing
resources orgamzations such as these have been directly or imdirectly
responsible for a large measure of knowledge of tichs and the diseases
with which they are assocrated However they are also mn the anomalous
posttion of often having mdicated the existence of more unrecognized
problems than they can ever hope to solve The growing awareness of the
public health importance of approximately a hundred different zoonoses
and the mternational problems related to the appearance of new diseases
require an enlargement and elaboration of existing collaboration and re
search facilities

How did Ryasanur Forest disease become so suddenly established 1n
Mysore? Do birds wath circul viruses and/or dropping
infected ticks dissemmate these viruses? What 15 the medical significance
of TP21 virus of Malayan rodents? Do latent foct of hSS wirus exist in
other parts of the world? If they do what factors allow them une‘q':ectedly;
to ful mto severe epidk among human popt
And smce similar subjects concerning other arthropod borne viruses as
sociated with migrating birds and mosquitoes (rather than tichs) ewist 1
the Americas Africa Australia and Asia what 1s the most practical method
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of studying the wide and exotic establishment of arthropod
borne viruses caustng such debilitating and often fatal diseases?

When problems such as these with their far reachuny, geographical im
plications and complex scientific mterrelations become apparent we are
fortunate 1n having the umque facilitrtes of the United Nations and its
orgamzations devoted to world health and agriculture to sttmulate cor
relate and advise worlers nstitutions and gcvemments ewry\\here

Promptly meeting the I and interdisciplinary
posed by Kyasanur Forest disease and 1ts related viruses the Sections of
Endemo epiderme Diseases and of Veterinary Public Health of the World
Health Organization (WHO) called to Genesa m March 1959 an ad
visory panel of spectalists in chinical medicine virology ormthology bird
migration and medical zoology from Britam Egypt Germany Indma
South Africa USA and USSR Members were ashed to consider
the advisability of 2 world wide coordinated research program devoted to
birds as dissemunators of arthropod borne viruses after determming (1)
mformation already available (2) degree of cooperation available through
out the world (3) what nught be accomplished through established facili
ties (4) how international research on this subject can best be stimulated
and implemented and (5) how new knowledge might best be disseminated

The advisory group was sufficiently impressed with the amount of cir
cumstantial evidence to suggest that the umque international and mter
professional factlitzes and resources of W HO should be utihzed to sponsor
and coordinate an international research program devoted to exploring the
actual role of birds as dissemuinators of arthropod borne viruses To do
this requires 1 of present it 1 factlities and es
tablishment of certamn new ones to studs pertment biological problems
and provide sources of blood and tissue for virological examimation
Ormthological assistance need be furmshed to established virological m
stitutions  Also suggested was short term or long term tramung for tech
meal and professional aspects and eventually meetings of persons m
plementing and mterested 1n the project 1n spe ific geographical areas to
exchange 1nf arrange inter y and nternational coopera
tion and plan the future research course An example of useful admmistra
tive assistance was the sponsorship of preparation and publication of a
comprehensive detailed booh revtewmg biology ecology taxonomy and
known disease relationships of all mosquutoes species known to bite birds
The extensive relationships between mosquitoes ticks and resident or
migrating virus infected birds require considerable field and laboratory
study  Also important would be the <ponsoring of standard mapping of
geographic distribution of each type of pertinent virus each species or
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subspectes of relevant bird and each species of tick or mosquito that may
be eprdemiologically significant together with standard chmatic vegeta
tion and demographic maps on which spectes maps can be superimposed
when requred

In the mtroductory paragraph recognition was grven to the need for
wncreastng and tmproving ammal resources especrally m developsng nations
of the world m order to control zoonoses provide much needed revenue
supplement protem poor human diets provide resistance agamnst disease
and mcrease living standards of indigenous populations Many research
ers scientific mstitutions  governmental agencies and mtergovernmental
orgamzations now apprecrate this approach The first Institute on Veter1
nary Public Health Practice was held during October 1958 at University
of Michigan s School of Public Health The World Health Organtzation
has established a section of Vetermary Public Health i which study of
tick borne disease control 1s an ntegral part At the London 1958 meet
ing of the Expert Panel on Tick borne Diseases of Livestoch convened
Jomtly by the Food and Agriculture Orgamzation of the United Nations
(FAO) and the International Office of Epizootics (OIE) =2 medical
biologist was asked to represent WHO Later at the WHO conference
on hirds as wirus d briefly described above he rep d
FAC

At the joint FAO/OIE conference specialists in vetermary medicine
virology parasttology zoology and medical zoology from Australta Bel
gan Congo Belgum Bntam Germany France Iran henva Malaya
Portugal Union of South Africa and United States served as members
or observers to (1) review new hnowledge m the field of tick borne
diseases and therr contsol (2) make recommendations concerning control
of these vectors and diseases (3) consider deficiencies m knowledge of
these <ubjects and (4) consider standardization of different aspects of
mvestipations pertinent to these problems At this meeting the interrela
trons of medical and veterinary problems were frequently stressed

Another step fornard m the imternational vetermary public health ap
proach to solying disease questions was the estabhshment 1 1956 of the
Pan American Zoonoses Center 1n Azul Buenos Amres Argentina Sup
ported by the Argentine government the Pan American Samitary Bureau
of WHO and the Umited Nations Technical Assistance Programme lo-
cated 1n an mmportant livestoch region and assisted by the medical and
vetermary professions lhvestock owners hospitals mumictpal authorities
and other Jocal groups this center includes laboratorzes offices classrooms
Library and farm annex  Staff members consist of physicrans veterinarians
and members of allied professions In addition to research on major
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z00n0ses the center 15 a clearning hoyse for information on all zoonoses and
a tramng and educational mstitution for long term and short term fellow
ships specral courses semunars and workshops  Blood (1957) 1n con
cluding an announcement of the establishment of this activity states The
needs and opportumities for research on the zoonoses are vast and the
Center 1tself can be expected to cover only a very smai} part of this work
Public and private mstitutions m 3!l countries must therefore continue
and mntensify their own zoonoses research work which the Center
[will] strmulate and coordinate

The conaiderable advancement toward the goal of improving human
health and wealth lated by several I agencies even n
these troubled trmes 1s a measure of progress of civilization and science
International and mterprofessional cooperation and free exchange of data
and information lead to mmproved health greater economc and politrcal
stability and mutual human apprectation and understanding
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has caused 1t? The conception of the evil eye and the tervention of evil
spirits or of the angry spints of ancestors to whom proper respect has
not been pard 1s still the overniding belief of a large section of mankind
and 15 particularly a feature of tropical peoples These beltefs have not
yet received the attention they deserve

Troprcal diseases may be studied and described 1n the usual sections
epidemiology transmussion etiology pathology clinical features treatment
and prevention—and each of these subdivisions ts lmked with vast com
parable sections relating to other diseases 'The result 1s that information
on for mstance the pathology of a tropical disease may be found mn a
Journal of general pathology where 1ts author may have yudged that it was
most appropriately placed Transmission of many troprcal diseases more
over entalls the study of intermediate hosts and also of mammalian reser
voir hosts their biology and geographical distribution and these studies
are often recorded m purely zoological journals In the field of tropical
medicine 1n fact there are large numbers of nonmedical biologists who
have added distinction to their subjects and have often brought a suen
tific precision to the work which has been an example to thewr medical
colleagues It would be invidious to select names but Amencan readers
like British readers will bave no difficulty i thinking of nstances

The study of ammal hosts and vectors of tropical parasites has ginen
nise to a large Iiterature of 1ts own but the study of the human hosts and
therr ecology has not m my opmion recerved the same attention I have
already remarked on the beliefs and traditional customs which nfluence
the peaple of tropical countries i their p or rej of Western
1deas of disease but the subject goes further The physical changes which
take place m the mode of hfe of these people m the face of industrializa
tion and population pressure lead to severe disease condittons of which
perhaps the chief are malnutrition tuberculosis venereal diseases and 1n
testinal infections The pomt I wish to make 15 that the answer to these
conditions 1s only partly medical 1t 15 Jargely admimstrative political
and educational and for its study the assistance of the anthropologist 1s
essential This mtroduces a whole field of literature now only shghtly
touched but one which may be expected to grow vigorously The physician
will remarn a hey figure m this growth in that he will be the person to
see the physical and mental effects of industrialization and poliical
change and wiil have the duty of drawing the attention of admmstrators
to these effects and of demanding appropriate action

To sum up mformation on tropical medicine comes from all the usual
medictal disciplines ncluding psychology and also from a selected but
wide field of zoology and from anthropology
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This mformatton 1s confained n medical and scientific journals mono
graphs reports and textbooks

II  Medical Journals
A Jourvats oF Wipe CircuLATION

It 15 quite umpracticable mn this article to give a useful list of journals
published throughout the world in which mportant papers on tropical
medicine may be found a comprehensive list would be so long that 1t
would be useless

In the most recent edition of I} orld Medical Perodicals (World Med:
cal Asscciation 1957) the periodicals are listed alphabetically but there 15
an mdex i which they are grouped according to subject the journals
1n each subject berng subdivided according to country of ongin  Under the
heading of Tropical Medicine there are 30 current and mmportant journals
n English French German Dutch Flermsh Itahan Spantsh Portuguese
and Polish languages But on reading through these titles 1t at once be
comes evident that they cover only a small part of what we call tropical
medicine  The subject of malarta for mstance 1s very largelv dealt with
m these journals but there are m addition 7 others devoted entirely to
1t Moreover there 1s no entry in the index under headings of entomology
medical entomology or zoology though some entomologrcal journals are
included n the text yet much malara work 1s recorded i zoologieal
Journals Smularly there are 18 journals on leprosy 34 on parasstology
and many (too numerous to be worth counting) on public health m
fectious diseases general medicine experimental medicine mcrobiology
mycology nutnitton and ophthalmology and in almost all of these occa
swonal (and sometimes important) papers relating to tropical medicime
may be published

The position seems to be chaotic but the reasons for this great d
versity of publications are obvious In the first place as I have already
said most of the diseases conventionally regarded as tropical cccur also
in temperate chmates and may be of partienlar importance to medical men
and screntists who do not consider their field to be neces<anly tropical
For instance some richettsial diseases are common 1n the temperate zones
and have constituted great pubhe health problems in conditions of etreme
ld whereas others like scrub typhus are most in evidence m hot
tvartnes  plague 15 enzootic 1 the United States and in temperate Asia
s well as 1o the Tropies and malara has a history in Russta and the
Netherlands and tn the Mississippr Valley as well as m Indz and Africa

In the second place the object of publication of a particular paper may

-~
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be to educate the physicians of a temperate country 1a the diagnosis and
treatment of a disease which may be introduced from abroad For m
stance after both world wars and after service 1n horea service personnel
returned to Britam the Umted States and elsewhere with latent malaria
which only too often remamed undiagnosed and untreated because un
suspected  Papers on malaria were therefore published in the general
medical journals of those countries

In the third place some of the discovertes 1n medicine and parasitology
have been sufficiently mmportant to justify early publication in journals of
wide airculation and these are usually the journals of general medicine
For instance the first records of the discovery of the ewoerythrocytic

1 of malarsa p of were published m the Fratish
Medscal Journal and simlar early announcements of new work are regu
larly made in Nature or Sctence

In the fourth place certamn set lectures are by custom published n
general medical journals and these lectures sometimes have a troprcal
bent For mstance Bruces Croontan Lectures to the Royal College of
Phystcians were published in the Lancet in 1915 but they dealt exclu
sively with African try panosonuasis

Medical journals are of varous kinds  Some cater for the publication
of origmal work and these usually also publish eccasional papers which
are 1 fact summaries or discussions of work already pubhshed (as m
the case of Bruces lectures or the surveys of hterature carried regularly
1 the American Journal of the Medical Scaences) or they may carry
editorial matter which serves a similar purpose But many of them par
ticularly those published monthly restrict themselves to publication of
original paperss or addresses without editorial comment

These journals are the mawm props of medical and scentific research for
although much of the matersal they contan consists of accounts of ex
tenston of work already done these are the journals in which vital new
discovertes are commonly first made public to which succeeding worhers
must turn for full grasp of the methods used and the conclusions drawa
It 15 I think important to publish new work m the recogmized journals
rather than as separate monographs unconnected with any series because
the recogmzed journals are kept 1n libraries and are easy to refer to and
papers m them are part of the mamn stream of the literature whereas
separate publications tend to get lost and therefore are disregarded

Some authors regrettably publish the same worh 1 two or even mor:
journals sometimes dressed up n different words This 1s justified 1
1t 1s done for a defimte and reasonable purpose (for mnstance 1f one ver
ston 1s m a different language or if the ongmal publication w 1l not reach
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the desired public) but only if it 1s stated clearly that the paper has
appeared elsewhere Otherwise multiple publication 15 bad

I have indicated that there are vast numbers of journals in which
mformation on any branch of medicine may be found and because of
this there 15 need for indexing organizations to bring relevant papers to
the attention of worhers who cannot scrutimze all the journals for
themselves

One of these indexing orgamzations 15 the Umted States I ubhc Health
Service which 1sstes each month the Current List of Medical Lutcrature
which under the headings of the principal medical journals of the world
(arranged alphabetically) carries the authors and titles of all articles
published Each 1ssue has an author ndex and a subject index This 15 ex
tremely useful 1t 1s accurate and publication 1s reasonably prompt But st
contams only titles without synopses and 1t> value therefore 1s only
that 1t 1ndicates the content of papers in the briefest manner

The second form of mdexing publication 1s that of the abstracting or
wamzation  There are many of these and therr object mav agam be to
mndicate to the reader the papers he should read in full (as m Chom al
dbstracts where only a few brief notes are given for each paper ab
stracted) or the object may be to grie as much detail as will enable a
reader to assess more fully the extent of the work reported in the original
and its value or even to give lim enough information to enable him to
tepeat the work  This kund of abstract 15 particularly salueble for seaders
who cantot consult the ongmal papers either because they are not in
sufficient touch with libranies (as mn the case of many workers i the
Tropics) or because they do not read the ongmal language Abstracting
Journals which provide only the short abstracts usually attempt to corer
the entire Iiterature and they abstract (or quote by title) all available
onginal papers whether good or bad new or old Abstracting journals
which provide the fuller synopses of original worh are usually much more
selective and cnitical  they ignore poor or unduly repetitrve work and the
abstracts themselves are often critical 1n the sense that the abstractor may
drawn attention to flaws 1n the origmal or deliberatels give an assessment
of value The Troprcal Diseases bulletin performs this function for tropy
cal medicine and has done so for almost fifty years It contans not only
abstracts of onginal papers but afso from time to time cnitical reviews of
the terature on selected subjects and regularly summanes of recent
abstracts on nine major tropreal diseases or yroups of diseases It 1s there
fore possible to trace with reasonable ease mmportant worh on these
subjects back atmost to the begmming of the century A «mlar function
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has been performed smce 1926 by the Bulletin of Hygiene for public
health mfectious diseases industrial medicine and bactertology

There are many other abstracting journals From the Umited Kingdom
may be mentioned Helnunthologicel Abstracts the Rewrew of Apphed
Entomology the Rewew of Medical and Vetermary Mycology the I efer
nary Bulletin the International Abstracts of Bulogical Sciences and Ab
stracts of IWorld Medwsne From the Netherlands comes Evcerpta M. dica
from France the Bulletin de 1Institut Pastenr from Germany the Zen
tralblott fur Baktersologie P kunde Infektionskrankhesten und
Hjygiene Referate irom the United States Brological dbstracts and from
Russia Medstsimskis Referatorns Zhurnal

All these are valuable and most of the abstracts i them are written by
experts i the various fields But it need hardly be said that no abstract
1s a satisfactory substtute for an origmal paper and that wherever
possible the original should be read Nevertheless the abstractng jour
nals are essential and saluable tools for practicing physicians and research
worhers alike and they perform a most useful function i enabling ad
munistrators and others to keep th Ives informed of ments 1
medicine outside therr own 1mmediate specialties

The next stage m the process of recording and orgamzing information
1s the publication of reviews of the hterature on restricted subjects or
monographs In these the author assembles information published over
a period of years and usually reviews only those papers which appear
to be important relating them to each other 1n an orderly and systematic
way The result 1s a-conspectus of recent work arranged m logrcal order
which embodies 2 critical assessment of the value of the work reviened
which 1s most useful for the student The rettens which «ill appear in
the present publication will be of this ksnd ihey form an umportant and
essenttal bridge between onginal publications and final textbooks and they
permit mental stocktahing which may be invaluable rn clarifying the issues
and even 1n mdicating new openings for research

The monograph 15 an amplification of the critrcal review 1ts subgect
matter 15 more extensive and 1t aims at presenting a full account of s
subject rather than a review of recent work only Two monographs of
thus hind have recently been published m the Memoir Series of the
London School of Hygiene and Tropical Medicine namely The Aatura!
History of Tsetse Flies by the late Professor P A Buxton and Stedies
on the Exo Erythrocytic Cycle w the Genus Plasmodium by R S Bray
Fach of these authors was an authority on s subject and each mono
I source of auth 1ve for

graph will remam a
succeeding worhers
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The final stage through which published information passes 1s that
of the general textbook and it 1s obvious that by the time this 1s reached
much of the work recorded 1s old though not necessarily mvahid on that
account Textbooks may be cast in the form of recent advances mn a
wide range of subjects—for instance recent advances in tropical medicine
as a whole—or 1n the form of comprehensive treatises which set out the
clements of their subject fully as in the well hknown textbooks for students

B Locar MepIciL JOURNALS

Many of the great medical journals are now so well established and so
widely read that they attract papers from all over the world because
authors realize that in these journals their work has the chance of reaching
a umversal public  But pressure on space 1s very great in these journals
and work which may be regarded as of only local mterest to some far off
country may have httle chance of publication Partly for this reason and
partly to encourage the reporting ot local work and conditions medicat
Journals have been started m many countres in a rush of enthusiasm
These journals at first ex:st on papers contributed by outside authors—
often men of international reputation—who are ashed to wrte specially
for them and who do so out of good will The papers they contribute are
usually general reviews or reflections on current problems and they rarely
contain new facts Later the editor of such a journal finds difficulty 1n
fillng his space and there 1s a danger at this pont that the journal
may fal and die but if this can be avorded and if the editor can mfuse
enough life and origanality 1nto 1t to attract local authors to publish mn 1t
rather than to attemipt publication elsewhere the journal may pessist
to become a locally interesting and internationally important organ for
reflecting local progress I believe that these local journals should be
supported 2nd encomtraged but the editors should take their work
seriously and msist on high standards of work and writing Many such
Journals have become well established but thev need support from local
authors

III  Other Sources

Two other sources of nformation which do not quite fit into the cate
gortes mentioned above have been instituted by the World Health Or
gamzation  One of these consists of the published reports of the varous
Expert Commuttees of that body and these contam opimions and proposals
rather than new work Nevertheless 1n that they tend to crystallize cur
Tent views or even to standardize current practice they are most valuable
sources of nformation The other category 1> less satisfactory from the
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has been performed since 1926 by the Bulletn of Hjygiene for public
fealth infectious diseases industrial medicine and bactersology

There are many other abstracting journals From the United Ringdom
may be mentroned Helmnthological Abstracts the Re ten of Apphed
Entomology the Rewew of Medical and Vetermar Mjcology the Veter
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Russia Meditsinsku Referata w Zhurnal

All these are valuable and most of the abstracts m them are wnitten by
experts m the various fields But 1t need hardly be said that no abstract
1$ a satisfactory substitute for an orgimal paper and that wherever
possible the original should be read Nevertheless the abstracting jour
nals are essentral and valuable tools for practicing physicians and research
workers alke and they perfortm a most useful function m enabling ad
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The next stage in the process of recording and orgamzing mformation
15 the publication of reviews of the literature on restricted subjects or
monographs In these the author assembles mformation published over
a period of years and usmally reviews only those papers wiich appear
to be important relating them to each other 1n an orderly and systematic
way The result 1s a conspectus of recent work arranged in lo,cal order
which embodies a critical assessment of the yvalue of the worh reviewed
which 15 most useful for the student The reztews chich will appear in
the present publication wil be of this kind they form an sunporiant and
essential bridge between orginal publications and fingl textbooks and they
permut mental stocktahing which may be mvaluable 1n clarifyng the 1ssues
and even 1n indicating new openings for research

The monograph 1s an amphfication of the critical review s subject
matter 15 more extensive and 1t ams at presentng a full account of its
subject rather than a review of recent worh only Two monographs of
this hind have recently been published m the Memonr Seres of the
London School of Hygiene and Troprcal Medwine namely The Natural
History of Tsetse Fhies by the late Professor P A Buxton and Studies
on the Evo Erythrocytic Cycle wn the Genus Plasmodium by R S Bray
Each of these authors was an authority on Ius subject and esch mono-
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The final stage through which published information passes 1s that
of the general textbook and 1t 1s obvious that bv the time this 1s reached
much of the wark recorded 1s old though not necessarily avahd on that
account Textbooks may be cast i the form of recent advances m a
wide range of subjects—for mstance recent advances n tropical medicine
as a whole—or i the form of comprehensive treatizes which set out the
elements of their subject fully as m the well known textbooks for students

B LocAL MEDICAL JOURAALS

\Many of the great medical journals are now so well established and so
widely read that they attract papers from all over the world because
authors realize that in these journals their work has the chance of reaching
a umversal pubhic But pressure on space 15 very great m these journals
and work which may be regarded as of only local interest to some far off
country may have little chance of publication Partly for ths reason and
partly to encourage the reporting of local work and conditions medical
Journals have been started m many countries 1 a rush of enthusiasm
These journals at first exist on papers contributed by outside authors—
often men of 1nternational reputation—who are ashed to wnte specially
for them 2nd who do so out of good will The papers they contribute are
uvsually general reviews or reflections on current problems and they rarely
contam new facts Later the editor of such a journal finds difficulty
filhng s space and there 1s a danger at this pomt that the journal
mav fail and die but if this can be avorded and if the editor can infuse
enough hife and origmality 1nto 1t to attract local authors to publish n at
rather than to attempt publication elsenhere the journal may persist
10 become a locally interesting and mternationally smportant organ for
reflecting local progress I believe that these Jocal jourmals should be
supported and encouraged but the editors should take their work
senously and msist on high standards of work and writing  Many such
Journals have become well established but they need support from local
authors

III  Other Sources

Tuo other sources of mformation which do not quite fit into the cate
gonies mentioned above have been mstituted by the World Health Or
gamzation  One of these consists of the published reports of the various
Enpert Commuttees of that bady and these contawn apuuans and propasals
ather than new worh Nevertheless 1n that they tend to crystallize cur
Tent views or even to standardize current practice they are most valuable
sources of mformation  The other category 15 less satisfactory from the
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pownt of view of pubic nformavon though undoubtedly valuable for
RS OwWn purposes st consists of the mimeographed papers cireulated to
warking parties  These are not strictly spealing pubhished sn that they
are not avalable to everybady who wishes to have them and they should
not therefore be quoted or used as references They are worhing papers
and they may not represent the considered views of the working parties
the World Health Orgamzation I understand deprecates quotation from
them unless they are printed and pubhshed in the usual way But there
15 a tendencs on the part of some worhers to quote from such documents
though this 15 a practice to be strongly disconraged

The Umted Nations wnd Ascocated \World Health Orgamzation are
also saurces of valuable tformanon through the publications bsted below

1 Unsted Nations Demographic Yearbook

2 United Nations Statrsticat Yearbook

3 World Health O Annual  Epdennol l and Vital
Statistics

4 World Health Orgamzation Offictal Records No 94 Furst Report

on the World Health Situation
5 Umted Nations Information from Non Self Governing Terntones
6 Umted Nations Food and Agrictiture Organtzation~—varions pub
heations particulasly  The State of Tood and Agriculture

7 Werld Health Orgamzation—annual reports of regonal dwectors
The Pan American Samtary Bureau Summary of Tour Year Reports on
Health Conditsons i the Amencas are also valuable

Annual reports of government departments research orgamzations local
authority departments and other bodies of course afl may conshtute
satuable sousrces of mformation even sf the facts they publsh have al
ready been the subject of mdnidual arhicles  From the pomt of view of
eprdenniclogy and the trends of disease for mstance the annual statistical
reports of the Mustries of Health or the Medical Departments are
mnatusble They are carefully prepared and the mformation they contam
can be compared with stndar micrnation 1 reports of former years o
that estymates of progress can be made Conditions m one countsy can
alsa be campared with conditions 1n others so long as it s understood
that the medical services of most of these countnes are stll far from
complete and that the amount of disease found depends on the numbers
of medical personne! locking for st

Annual reports of research Instiutions are ymportant ‘They often
summarsze the work done esen thaugh the full reports of that work appear
wdependently tn medical journals For mamy jears the Pasteur Insts
tutes have 1ssued reports of this kand from Pans North Africa other
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French Afrscan Terrstonies Indochsna Martimgue and French Guana
and also from India (Coonoor) Persia and certaun other countries  Mam
distingmshed T'rench screntists have worked m these smstitutes and the
subjects they have covered range far beyond the rales which has alnans
been a particular interest Srmifarls important records of routine work
3nd research have been sssued penodically from such centers as the Gorgas
Memorial Laboratory Panama  the Instststo Butantan Sao Paulo Braml
the Instituto Oswaldo Cruz Rio de Janetro the South African Institute
for Medical Research the Onderstepoort Institute of | eteringry Research
South Afriea the kang Insttute Guindy India  the Inststute for Medical
Research Ruala Lumpur Mitaya (which kas alse issued a remarhable
sertes of spectdd veports on anous wnestigation 5 Sinee World War I
the British African countries have reorgamzed and developed thewr research
mstitstsons extensively  These wstitutions 1sswe annuad reports They m
clude the Tast Afnican Medical Surves the Tast African Virus Rescarch
Institute (formerly the Yellow Fever Research Instrtute) the Fast \frican
Institate {or Malana and the Yector Borne Discases the Last African
Ty Research Org the Tianasis Research Lmit
Thcsc East African umts are under the contrel of the Fast Afrua High
Commussion and are cosely associated »uth the Calomal Medwal Research
Commuttee whose headquarters are n London  In West Mrica these e
the VWest Afmcon Virus Research Imsbiuste (tormerhy the Salon Tmver
Institute) and the West African Institute tyr Trypan nonuzsss Research
In addwan there was the mahna research department of the heaith
services of Nigera before that country was dinwded o the three regions
which are now antonomous  In Gambia there 3 also a research ont of
the VMedical Research Counctl whuch 1 mibang = lon,, term nutntont and
medical survey
Alf these umits coptribate to our hnowled,e of tropieal conditions by
thar annual reports which are ewctnl and informative documents of
great salue m which the most recent develypments are briefly deveribed
1t should be understood that mamy of the ¢ units are the successors of
other organzations which were set up by the governments of the anous
tountnes—Uganda  hemya Tungavha Nigern Glam Swerra Leone
Cambia~many years ago  The mosenment tward unthcation of research
¢flart has recently been very marked
Tor Belgnn dependencies the Insutut pour la Recherche Scientihque
@ Alrque Centrale (IRSAC) was founded w1y and sssues anoual
TPONS st corers of} branches of stiente The vt mpamzibun Woven
2s TOREAMI {Fonds Rere Chsabeth pour © \sy tance Medicale aue
Indigenesy also issues st own mformatne repors and outssle gosern
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ment the Umon Mimere du Haut Ratanga gives annually an account
of 1ts medical services which 1s of particular value since the personnel of
this minng company forms 1n the main a stable Iabor force 1n which there
1s excellent opportumty for observing not only the employees but also
their families The reports of the Union Mimere are most saluable

Sumilar reports from mining orgamzations are 1ssued from Johannes
burg (Central Mining Rand Mines Group Health Department) and by
the Sthicosts Medical Bureau of Northern Rhodesta

For the student who wishes to go back into the history of his subject
or to follow the worh of one particular author the famous American
compilation known colloquially as  Stiles and Hassall (Jnder Catalogue
of Medical and Vetermnary Zoology) 1s most satisfactory It deals only
with medscal and veterinary parasitology but the succeeding parts 1ssued
at intervals lst by ttle and reference the worhs of authors all over
the world 1n those chosen subjects and the earlier volumes took this
history back quite a long way Bibliographies of this kind ncludmg
the even more famous Quarferly Cumulatize Index Medicus (now super
seded by the Current List of Medical Luterature) and the Index Cata
logue of the Library of the Surgeon Generals Office U S Army remam
of the greatest value for those for wish to mform themselves of early
worh on therr subjects

Bibliography would appear to be dull work though 1t has attracted
some acute minds but 1t has a permanent value So many bibhographies
have been comprled erther on the bass of individual authors or mdmdual
subjects that 1t would be hopeless to attempt to hst them but mention
may be made of the Zoolagical Record which has an interest for tropical

d the Bibhography of Tr3} by C A Thimm published
1n London 1n 1909 by the Sleeping Sichness Bureau and the Bibliography
of Sclustosomusis by M Rhalil published 1 Carro 1 1931 and jollowed
1n 1950 by the Biblograplue des Sch et des Sch (B
har.toses) Humanes et Anunales by A Boullon published 1 Brussels
These and sinular bibliographies are careful and m the man exact Iists
tal Jabor and providing gndes to

of references piled with p
the student and histonian
There have been numerous historical studies mn tropical medicine but
the greatest and most comprehensive was published 1n 1939 by my pred
ecessor—A History of Tropwcal Medicme by H Harold Scott—and I
regard ths as indispensable reading for anybody who wishes to understand

the subject
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IV Presentation
A Forw

Modern medical and scientific mvestigation moves at such a pace and
1s pursued along similar lines m so many parts of the world at once that
scientists are more eager than ever before to heep up to date with the
latest developments In the reverse direction therefore they are equally
eager to make hnown their own findings as quickly as possible and the
proper and orthodox method of doing so 1s by publication m scientific
journals The flow of information constantly tends to outstrip the
capacity of exsting journals so that at the present time some of the
most reputable of them have watting hsts of up to a year for the publica
tion of matertal submutted to them This 1s a most unsattsfactory situa
tion and some journals therefore have developed 2 system whereby
they publish letters to the editor which contan prehnupary announce
ments of work done These are often followed by full accounts of the
worh published 1n the same or in different journals several months later

Journals which publish preliminary material in this way include Nature
Seience the Transactions of the Royal Society of Tropical Medicne and
Hygiene the dmerican Rewmsew of Tuberculosts and many others but
they too are now beginming to develop watting hists as a result of heavy
pressure of ths type of communication

A second type of journal caters for short commumcations that some
times may be sufficzently important to warrant rapid publication but may
also carry brief papers on less urgent materal Instances are the Procecd
1ngs of the Society for Expervmental Biology and Mediane the Bulletin
de lo Socteté de Pathologie Exohique and the Comptes Rendus de la
Soctété de Buologie The papers published 1n these are almost 1mvariably
short they deal usualy with relatiely small mvestigations and quite
often they are later followed by sequels dealing with further mvestigations
on the same subject

The justification for these letters to the editor and these short restricted
papers 15 that they make known important work quichh  But it 1s
unfortunately true that there 15 a very widespread tendency to publish
hort papers 1n sertes on work which could much more effectuely hase
waited until st could be reported in full 1 a single paper A second
Justification 1s to establish priority which 1s pernussible if the oceaston 15
senous ensugh  But it should not be everdone My own feehng on this
question of short communications 15 that they should 1f possible be avorded
unless they are of outstanding importance and especially if they form
Part of a Jarger body of work which will eventually need to be brought
together
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The third type of paper forms the bachbone of screntific research 1t
15 the full deliberate record of a piece of work which has reached a stage
of completion at which publication 1s seen to be appropriate  This 1s not
to say that 1t 1s the end of the story and that nothing more remamns to
be done but 1t 15 10 say that the work has at least reached 1 magor pause
and that further work would demand consmderable thought and effort
“Most of the great advances m medicine have been recorded m substantial
writmgs of this fhind and m fact thes Jund of paper 1s m the mnd of
the author who makes lus short prefimunary announcement m 2 letter
to the editar 1o estabhish prionty or to gue s contemporanes early m
formation on hus work  He follows up fus first note with a full detarfed
paper

After the full detaled paper which may be linked n subgect matter
with later work by the same author or with simular work by others comes
the conference paper m which the same ground 15 covered A con
ference 15 not usually the place at which new discoveries are first an
nounced though this may be dene if ttme and place permut 2s when
R B Hesch at the conference m Lasbon i 1958 (1 Ith International
Congresses of Tropical Medieme and Malana) announced the successful
wfection for the first tsme of man with trvpanosomes (7nfanssomae
rhodestense) 1solated directly from a mammal (bushbuck) shot i the wild
state m henya But an announcement of this land could not expect to
recene publication until perhaps one or two vears after the conference
has ended when the proceedings are eventually wssued and it 15 necessary
i such an event to ensuse vald recordmg by publishing the work inde
pendently 1m a recogmzed journal This was done by Hasch and b
colleagues in the British Vedical Journal (1958 “Nov 15 p 1203)

Confesence papers nevertheless are very useful su that they are pub
hished atong with other contnbutions made at the same tsme on the same
subgect and they form com ement conspectuses of current opton usefally
brought together and easdy found They do not when published pretend
to be completely up to date and of course they tend to be fragmentary
m that they rarely cover the whole of the subjects with which they deal

Reviews of the hterature have been referred to above In one form the
author sums up the hterature perodicalls so that any worker wishmg to
trace a subject has at his disposal a series of reviens orgamzed wnto Jogicat
sections which he can follow wath Iittle trouble These rlenc“ts{ mdlﬁ:
references to the ongnal ts so that the reader 18 eassly ruade aw
of !hf:nsa\xrces Rcuis 01;3‘5;; sund have been pubbished w the Tropical
Dhscases Bulletn regalarly each year smee 1939 on the mne mam K'DUP;
of tropical diseases and on venereal diseases (Perspectinés T enereo.
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og)} 1 the Budietin of Hygiene since 1948 The reviews in the Trapual
Ducases Bulletin are regularly translated mto French and published m
Medecsne Tropscale

Reviens of this kind are eritieal i the sense that inferior or ummportant
work 15 vot inclnded and they do occassonally carmy some crtscal com
ment buf their mam function 1s 10 act as miormed guwdes 10 the hteratare

The ather form of crincal review such as appesss i [ actrologreal
Reetenes and many other publications has been discnssed above under the
heading of Medical Journals

B Stne

The techmque of presentation does not I thumh recenve as much at
tenton as it needs and though m some respects we have snproved our
standards 1 others we have retrogressed ¥ have recently been reading
An Exsay Coneermng the Couse of the Endemual Colic of Deonshire by
George Baker first pubhshed 3n 1767 Thus short classic of [nglsh
medical 1mvestigation has recenthy been issued m facstomile form by the
American Pubhe Health Assowaton through the smtiatne of Dr Hust
ington Williams of Baltimore It sllustrates my pownt e hme mow
1 thinh improved our layont 1 that most of the papers we publish are
divided 1nto Jopical sections well distingmshed by headmgs and sub
headmgs and m this way we make 1t easy for a reader to find and refer
back to the sections on methods miterials results discussion et But
we have lost clarty n our use of Ianguage partly because we tend to
think that the techmque of writing ss ummportant pastly becaose we
do not pay enough attention to the needs of the readers and parth be
<aust we have gone too far m compression  Brewitv m general ss a virtue
but Ihe other virtues it can be made oppressve  Hahers hinguwpge 1
Tessurely though not ponderous and it 1s mterspersed by extensive quota
tions 1 Latm but there 1s never amy need to reread a prssage because of
ob cunty of langusge This 15 not true of some of our modern wrnting
and the reason 1s not alaays the complesaty of the subject It 1s true
of course that medical research 1s naw very compheated and that the
facts and thesr mmphecations are often hard to grasp but difficult concepts
have abays ewisted and have been expressed and some of our madern
wuters are as clear as thew prodecessors showng that clanty s possible
I beteve that clarity 1 weting 15 not 50 much an tabora gift 1s the result
of care and smagnation on the part of the writer

In stientific wnting clrsty and mterest are the two essentiaf qualities
The smterest depends very largely on the subject matter and the miclh
gence of the author 1 Ins approach to t but mterest cn be lost of the
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presentation 1s poor and clear language 1s the first essential of good
presentation

Many papers and books have been written on the writing of scientific
papers and the excellent guidance they give 1s largely concerned with
details of techmque and grammar The present paper s not the place for
such advice but broad principles may be stated again—they are far too
often ignored by authors Editors of journals—hard working and self
effacing persons—rarely receive the credit they deserve for adding point
and sparkle to dull papers but authors should not rely too much on their
editors  An editor 1s rarely expert m all the subjects of the papers he
edits and may in seeking good p change the hasis or even
the meaning of the original The anthor will see the paper m proof but
I have known that kind of editorsal chinge of meanmg to escape their
notice Moreover 1t 15 well known that an author clarifies his own mind
in the process of wnting clearly and he should cultvate clear writing for
this as well as for other reasons

Sctentific wrating should be crisp and vigorous which implies among
other things that 1t should not be wesghted down with cliches and jargon
Writing 1s not the same as speech for in speech the emphasis can be
varied by tone of voice by pauses and even by repetition which are
tmpossible or mappropriate m print There 15 therefore a danger m dictat
g matenial for publication and my own feelng and expertence 1s that
the scientist composes best when he writes deliberately in longhand cor
recting as he goes along  Writing of that kmnd 15 laborsous but 1» worth
the effort if what 1s written 15 meant to have more than a temporary value

Jargon can be a great disadvantage It 1s commonly used in conversa
tion 1 laboratorses and hospitals and there it 15 permussible as con
versational shorthand but 1t should be most carefully controlled 1n writng
In the first place foreign readers may be completely defeated by st—and
here I include the now excessive use of wutial letters espectaily 1f they
are not explained at least once 1 the text when first used In the second
place readers not worling m the same field but who wish to keep them
selves mformed are Dhely to be confused I have mn mnd medical
admimstrators and teachers who need to know the outlnes of subjects
impinging on therr own In the third place today s jargon may be for
gotten tomorrow Writing should always be persuasive and should rmduce
the reader to go on but 1t cannot do thus if the jargon 15 obscure

Writing gains m perstasiveness if 1t has 2 personal element to warm
1t and 1 have a feelin, that we have become too mpersonal and dry 13
our approach to publication I do mot mean that the style shoul
be flamboyant but the personal touch perhaps mn recounting some afustra
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e madent or 1o glung an opuuen g vigorous terms embellishes a
paper +f 1t 1s not overdone I believe that a statement of opimon on 2 de
batable pont and a personal discusston of the mmplwcations of 2 pece of
work are essental features of good writing They are usually appropniate

A saentific paper therefore should be well thought out 1n advance and
should be well organized and divided into a logical sequence of sections
There are mnumerable variations of pattern but an genesal 5t will be
possible to state the problem describe the materals and methods em
ployed and the results obtaned and to discuss thew wmpheanons  And
all papers should include an mformatne but buef summary  The work
should be himked with other relevant work briefly tf possible but m any
avent clearly so that to the reasonably snformed reader 1t can stand by
stself

Much more could be written on the detarhs of presentotion but this
18 ot the place for 1t Most of the advice 1 common sense and 1s not
needed by authors who take the trouble to put themselves s ther readess
place and wha write as sf they mtend therr wnting to hise permanent
value to be read and reread as sigmficant medical hterature I have
read many papers eoncened and writen on the lughest level they are not
only works of stientific value they are stmulating worhs of art

V  Summary

I Tropweal medicine 15 discussed as a subject which embraces mast
human diseases though with emphasis on those particulasly prevalent w
hot countries and which requires an extensive know ledge of zoology and
other dustiphnes

2 Pabh i reliting to tropical mediane
are discussed  they mnclude jourmals spectaling in dhiseases of hos
chimates but most other medical jourmaly earry occasional papers 1m
portant to the subject They also mclude reports from various bodies
Ongmnal papers conference papers abstracts reviews and textbooks are
tnefly discussed

The importance of p w5 < d with special referer

to style in writing
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