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PART 1.
Introduction.

IN discussing the etymology and history of, what we understand
in the ordinary English of the meat industry, as * measles " in pork
and beef, it is quite insufficient to covsider the ** bladderworm ™
stage of the parasite only, without discussing the historical advance-
ment of knowledge regarding the adult tapeworm which succeeds
the ** bladderworm . The measle, bladderworm or larva, found
in the muscles of the pig, for example, and the adult resultant
tapeworm of man are so closely rolat.ec{, that one cannot be success-
fully deseribed or discussed, without investigation of the corres-
pondiug stoge in the other.

It is obvious, however, that in an article on ** Cysticercosis "',
the hladderworm stage of the common parasite should receive the
fuller consideration, although the adult, pareni or final stage of the
parasite must alsn reeeive attenfion, since we are merely dealing
with two stages of a parasite, usually passed in (wo different hosts,
and in order fo arrive at o plan of ecampaign towards eradication
of the parasite at either stage, we should understand the histology,
pathological anatomy and peculiarities of both. 1t will he noticed
that the word “* usually " has expressly been nsed in fhe previous
statement,  The normal inlermediate host of oue of the fwo parasites
to be discussed is the pig, and the final host, or host of the mafure
tapeworm is man. Under certain cireumstances, however, man may
actually he the host at hoth stages, and thus play the rile, in the
intermediate stage, of the pig, and he the harbourer of the pig
measle.  Then again, in addition to the pig and man, the dog and
the monkey may also he the intermediate hosts of the pig measle
bladderworm. e shall, therefore, not depart from the limits
justified by the title of our subject, if we deal with tapeworm larvae
of the same species as those of the pig in, for example, man, the dog,

% A Thesis approved by the Univessity of Soth Afries for the Degree of Doctor
of Veterinary Science,
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and the monkey, since the pig must in every case be considered as
the original host of that particular bladderworm, whieh is followed
by an adult tapeworm stage in man, and followed in turn by a
second embryonic generation in, say, another pig, which may then
be the precursor of various series of adult and embryonic generations
alternating between man, the dog, man, the pig, man, the monkey,
ele.

Erymorociear, Discussion

The intermediate, or bladderworm stage of certain rapeworms
is known as the eysticercus stage. The pathological infection of an
animal body with eysticerci is known as cysticercosis.

The name eysticercus is derived from the Greek words Kystis,
a bladder, and Aerkos, u tail. (Italie, instead of Greek lettering
will be used throughout this work, when names of Greek derivation
are defined). The pig measle is known as Cysticercus cellulosae, the
bladdersworm of the cellular or conneetive tissue, on account of its
usual location in the vconnective tissues between fibres. The beef
measle is known as the Cysbicercus bovis, i.e., the bladderworm of
the ox, or in some parts of Europe it i& called Cysticercus inermis,
the unarmed bladderworm.

The adult tapeworms of the above-mentioned eysticerer are the
Taenia solium and the Taenia saginata, respectively, The Latin
name Taenia is derived from the Greek word Zainia, a ribbon or
 fillet. 7aenia solium means the solitary tapeworm (French ** Ver
solitatre *'), n name to which Leuckart took strong exception. Taenia
saginata means the * stout ** or ** fat '’ tapeworm. ' two respec-
live species were first named by Rudolphi and by Goeze.

It is difficult to account for the adoption of the English term
measles '’ except that the bladderworms visible in the musculature
of & measly pig somewhat resemble the spotted eruption character-
istic of the human disease of that name. The name is most mis-
leading to the layman, who generally associates the parasitic disease
of the pig or ox with the entirely different human disease, Not
only the Knglish, but alsa the Irench adopted a misnomer for
ordinary usage in describing the disesse in the pig and the ox.
The French name for the disense, Ladrerie, is said to have heen
derived from the Greek Laidros, deformed or awkward, or [rom
Lavareus or Lazarus, whose name has lieen corrupted in common
speech to ** Saint Ladre ', Ladrerie was sometimes used in former
doys as synonymous with ** leper "and ** leprous "', amd it is not
known by what affiliation this designation of ZLadrerie has passed
from leprosy to a parasitic affection, from which it is absolutely
different. (Neumann),

How the Afrikaans word masels, or the immediately pre-Afri-
knans South African Duteh word mazelen came inlo use is a mers
conjecture. One would feel inclined to believe that measles was
totally disregarded, or otherwise unohserved by our early Duteh,
Muguenot and German South African ancestors. The Afrikaans
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word masels is distinetly o literal translation of the English desig-
nation of the human disease, and one is inclined, further, to theorize
that measles was first observed hy our English fellow-ancestors
after the arvival of the 1820 settlers in South Africa, who, probably
had seen measly pigs in Great Britain.  In support of this theory
one may cite the fact that measles in pigs was well konown in
Europe even iu the Middle Ages, and if our first Dutch, French
amd German ancestors had vecognized the disease in whatever pigs
were slaughtered ut the Cape in the varly days, one feels sure that
posterity would not have lost the Duteh names finnen and gortighed,
or the German finnen awd fanenkrankhert, or the ¥rvench ladrerie.
[nstead, in Afvikauns to-day, we use a literally translated English
misnoner,

History has, therefore, unfortunately lost trace of the origin
of knowledge of pig and beel measles 1o South Afries. W hether
measles was an indigenous disease among our early oative stock,
or[and whether our aborigines were tupewor carriers, is unknown.
It is also unknown whether measles in pigs and cattle was first
introduced into South Africa by tapeworm carriers among the early
Portuguese visitors, or anmong subsequent Duteh, French, German
and English settlers, or whether it came from the northern inferior
of Afriea with the Bantu invasion. Nor, of course, is it known
whether the infection was brought to South Afriew by means of
importation of infected livestock, or whether humans browght and
estiblished the *° vicious civele . Support is lent to the theory
tleat the Bawtu wight have brought the disease from the aorth, hy
the faet thad the Bantn invaders were closely reluted to the Ethiopians
and Nubians, who in torn were closely associnted, veogruplieally,
with the Egyptians, and the latter at Jeast had placed o ban on the
vonsutiplion of |mrk for various reasous, whereas the Abyssinians
were among the first to be descreibed during the last century, as
heavily infected with Taenio sayinata.

Hisrorrear, Svrvey.

That pig measles was known and recognised from the very
earliest days can be learned from ancient writers.  T'he parasitic
nature of the measle, however, or s pathogenicily (o mian, was
not known. Tt s hinted, however, by some authors, that the
injunciions to Moses, which led to the Mosaic Laws were prompted
by o knowledge that the ment of pigs, under certain conditions,
might Le dangervous, rather than " unelean ™ in the Hteral sense,
Thus in Leviticus xi, 3, we rvead *° Whatsoever parteth the hoof
and ts clovenfooted, and cheweth the cud, among the beasts, that
shall ye cat 'y and in 1he next verse: ** dud the swine, thowgh
he divide the hoof awd he rclovenfooted yot cheweth not the ond,
he as wnelean to yon . 1L s debated by some, as fo whether
Mosaic T.u\\ wieant that fhe pig was *“ unclean ™ physically, or
“anelean T due to its possible diseased condition.  Vorwahl (1923),
has written against this diseussion, and indeed ag‘.mhl the “l’ll"\
reference to the uncleanliness of the pig. e is of opinion that
the Isrnelites followed the views of the Syrians, viz. the pig should
be considered a sacred animal.
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In Greek lteraturve are found several veferences to measly
pork. Thus Aristophanes, B.(!. 424, in his *° Comedy of the
Kuights *, mentioned the then existing custom of examining the
tongue of the pig, in order to detect the presence of the so-called
“rlandular twinors 7.

Later Arvistotle (B.C. 384-323) wrote and described what we
would to-day understand to be measly pigs. ** Measly pigs are those
which have bad meat on the shanks, neck and shoulders '’ he wrole,
“ In those parts we find most measles. When only a few measles
ure found the meat is sweet, hut when numerous, the meat hecomes
watery and unpalatable.  As far as we konow, we ouly hind measles
disease in pigs. Sucking pigs have no measles . 1t was also he
who first attempted a description of the symptoms:  Measles mainly
appear under the tongue. Those pigs with measles appear weak
in the hind quarters . Aristotle's remarkable deseription was
almost exactly reproduced by Rufus, and later it was mentioned
by Pliny, Didymaeus, Pluturch, Arvetaeus, Archigenes and Andros-
thenes.

Von Ostertag vefers to Herodotus and Plutarch, who taught
us that the Fgyptiaus were forbidden to eat pork for the reason
that it produced **an excess of humors and eruptions . The
Phoenicians did not eat the meat of cows or swine, but held the
flesh of dogs as a delicacy. On the other hand, the Romans were
extremely fond of pork, Vosgien (1911) mentions that Homan
vendors of pork had fo guarantee the meat against measles.

During the third century A.D., Androsthenes compared pig
wieasles with tubercles.  Avetaeus compared measly pigs with people
suffering from elephantiasis,

Perhaps one of the first references to a connection between
tapeworms and the ingestion of pork was suggested by Anthimus
(611-584 A.D.), who wrofe to Theodoric, King of the Franks, that
he suspected that human beings developed tapeworms Ly eating
vaw fat pork. (Le Coultre, 1928). His suspicion was certainly not
unjustifiable, although he did not know the relationship between
the eysticercus and the tapeworm.

During the 8th Century, Pope Boniface pointed out the necessity
of vooking or smoking pork thoroughly, hefore consumption.

The Mohammedans were also forbidden the use of pork by their
Prophet, on the grounds that the pig was unclean.

Later in the Christian eru we find that in Germany and in
Franee, definite regulations regurding the inspection of pigs were
framed. Von Ostertag gives very interesting historical quotations
regarding meat inspection in the Middle Ages in (Germany, with
special reference fo the treatment of measly pork. The following
quotations from von Ostertag are to the point.

In the year 1261, Count Raoul 1V ot Neuchatel decreed that
"meat showing eruptions should not he sold as good meat, and
under the voof of a meat market, pork containing eruptions, or
meat killed by wolves or dogs, should not he sold ',
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The Augshurg Charter of 1276 laid down the following most
interesting regulation: ““ If a hutcher kills a measly hog, he shall
sell it to no one without a statement of this fact, All the paris
of such animal shall be sold in the same booth, and if it is sold
whole, it shall Le only after declavation ™,

lu Bamberg in 1306, the City Laws forbade the sale of measly
ment, and in Wiirzburg in 1343, punishment was enacted for ** all
persons who offer for sale measly and mangy meat . In 1346
the inhabitants of the village of Wolfmannshansen agreed ** to
bring at an appointed time all their hogs to the Monastery of
Frowenrode, where they shall be appraised and inspected by viewing
the tongues, Those, which from the appearance of the tongues,
shall be considered clean and worth the estimuted price, shall be
retained by the Monastery ".

Similar Charters arve cifed for Zwickau (1348), in which the
sule of measly meat was forbidden in the booths, and for Hamburg,
and also for Liibeck and Stade in 1375, where it was laid down
that measly meat was vequired to be sold in o special booth on a
white cloth. TIn 1376 the butchers of Regensburg were punished
for selling measly pigs.

In  Aachen, during 1335-138G, special pig inspectors or
Finnenlickers *' were appointed, whose instructions were to
examine all pigs offered for slaughter sale, and to ** brand all unelean
pigs with o distinctive eut . These pig inspectors assumed office
under oalh to carry out their duties fairly and serupulously, irre-
spective of the social standing, race and domieile of the vendor.

(L}

In DPassan in 1394, meat iusflet:lors were uppointed, whose
mstructions were ** to throw measly pork inte the Danube, and

%Iw vendor was compelled to return the price of the hog to the
yayer |

Landshiit in 1401, went a step further, and passed un Ordinance
preseribing that butchers should not sell ** Jew meat, or measly meat
anywhere else than between the tables, aund that neither Jow meat,
nor measly meat should he offered as good meat ',

In Wimpfen in 1404, a Charter laid down thar measly meat
was to be sold in a *“wmeasly booth *', three steps removed from
the ordinary meat booilis, In 1414 the butchers of Ulm asked the
Couneil to adopt the following regulations, namely regulation of
the traffic in measly pork, bulls” meat and Jew meat. Whoever
offered such ment for sale was nol allowed to sell any other meat
at the same time. *“ If a huteher pickled measly pork immediately
after slaughter, and the twelve sworn masters of the market were
satisfied of that fact, the butcher was allowed to sell wther wmeat ™

Steflen von Bergendorff was made to take the oath to keep
the peace in 1434, after having been imprisoned in the City of
Regenshurg, because he attempted to sell hogs in which the bladder-
worms had secretly been punciured, so that the inspector could not
vacognize them.
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The town of Marbach in Alsace appointed sworn meat inspectors
in 1437. Their duties, among others were to determine whether
measly meat had been worked out into sausages.

In the vear 1582, the Palatinate State Laws decreed that the
meat of measly hogs, if not badly infested, should be offered for sale
outside the shambles or butcher shops, at a place to be determined
upon hy the authorities. * In ecase, however, the measly ment
in question is found to be quite unclean, it shall be absolutely
rejected and shall not be sold, nor used.”

The Slaughter Ordinances iu Rostock forbade the sule of measly
hogs 1n 1699,

The detailed directions to meat inspectors in Briichsal about
the year 1784, forbade the sale and consumption of animals suffering
from certain diseases, among which eysticercus disease was expressly
mentioned,

It will now be interesting to vecord that in Frauce, in the
Middle Ages, and np till the time of the French Revolution, similar
Ordinunces to those enacted in Germany were enforved.

In the thesis of Vosgien (1910-11), is found a number of quota-
tions. In I'rance, about the yvear 1375, specific pig inspectors were
appointed. The inspectors, or langueyeurs had to ascertain whether
pigs were measly or not, by an inspection of the pigs’ tongues.
A langueyenr could not be a buteher and an inspector at the same
time, IHuges Aubriot, 1375, ordained that ** No one dare act as
langueyeur until he has been proved competent by the master
butchers **. The duties of the langueyenr were fully described in
the Edict of Charles VI in 1403,

The Ordinance of Robert d'Esionteville, Guard to the Priveté
de Paris, dated 1475, established: * No one may buy or sell, or
muke sausages from exhausted pigs, or measly pigs ',

The langueyeurs were quite importunt personages. and held
very high office. Later, they were actually appointed by the King.

According to Gach, it was decreed in France, as long ago as
1476, that measly pork could be salted for forty days, and then
sold in the halls.  Vosgien, however, records that in 1601 the
Parliament of Paris decreed (hat measly pork, after having been
salted for 40 days, could he sold in a specific pluce to be named
by the Prévot de Paris, and had to be marked by o drapean blane,
(white flag).

Vosgien also relates the punishment which was meted ont to
an offender. On May 28, 1716, the Chamber of Justice of Puris
condemned one, Autoine Dubout, to the following punishment,
becanse he had issned measly meat (o the soldiers: “ He was to
Lie exhibited in a publie plm:e. nw en chemise, la corde an cou, with
a hurning wax candle in each hand, and with a placard on his
chest and back, bearing the inscription of the nature of his offence *'.
In addition Dubout was fined 50,000 livres, was banished from the
City, and was deprived of all his vights as a butcher,
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IF'rom abont the middle of the 18th Century systems of meat
inspection becawe less thorough in France and in Germany. In
practising their professions corrvectly, quulified veterinarians had
shown the public that the meat of animals suffering from certain
diseases was harmless, hut, unfortunately, local authovities appeared
to misconstrue that teaching, and confusion resulted, to the extent
that it was assumed that the meat of all diseased aniwals, inchuling
measly meat, was harmless.  That unfortunate state of affairs con-
tinued in both Germany and Fravee until 1852, when Kiichenmeister
sturtled helminthologists, veterinurians, medical men and hygienists,
by proving that the Cysticercus cellulosae was the smbryonic stuge
of dw human Zaenia solowm.

]Il.‘! FOORTCAL [“‘\I".“ s Il‘illlc‘ ]J‘llﬂ"ﬁl'l E AND 1{"".}\]".\"( HES 0N
{ YSTICERCUR=- I.Al‘...\l.’l‘

Although, as has been mentioned, measles was known (o the
ancients, up Gl the vear 1685 eysticerer were vegarded as glandular
fmionrs,  During  that  year Hartmonn discoversd  the parvasitiv
nofure of eysticeres. e desceribed the Cysticercus teawivollis s
parasitic, aud followed his researches further. In 1688 he recognized
the snimal vature of the (.'yth‘r'r'rr'w cellulosae.  Ten yvours liter,
Malpighi, having worked independently of Hartmann, confirmed
the latter’s work, and further desevibed the head process of the
cysticercns very closely.  ** In verminous pork, ealled Lazariol:,
live nnmerous colonies of worms, which are the ecause that the
sale of such aninals is forbidden by public edict ™, wrote Malpighi,
and continued: ** These worms arve in ahundauce in the cellular
interstices of the musele fibres of the thighs. They appear in the
shape of smuall oblong twmours, as little saes filled with transparent
fluid, in which floats a white globular body.  Should the envelope
break, when pressed slightly, the worm squirts out of the vesicle,
and one sees its horns coming out like those of soails.  The rings
fold over thewselves, and the animal volls tnto o ball. At the top
is u little head, and on the wolled up worm there is whut lonks
like a little wmbilicus at the extremity of the vesicle ™

The animal nature of the bladderworms wis oot universally
wecepted, and confirmation of the findings of Hartmann was further
effecied by Fabricius amd hy Goeze.

In discussing the history and development of konowledge of
cysticercosis-taeninsis, Leuckart repeatedly alluded 1o the bitter fenl
which, during the middle of last century, existed between himself
and his equally famous co-worker Kitchenmeister. To Leuckart's
credit, however, he gives all honour to Kiichenmeister as the seientist
who established the connection between the hook-bearing Tucnia
saliwm and the Cystivercus cellulosae of the pig.  Kichenmeister
abserved the fuet that the ** structure of the head and hooks corres-
pondded so perfectly in the two forms, that the most careful investi-
aation conld establish no diffevences between them . (Leuckart.)

In 1841, Steenstrup considered that the eysticerer could he
regarded as the first step in the development of helminths, hut to
which they were related, he could not determine.  Van Beneden
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followed by von Siebold, i 1850 dispelled Steenstrup’s donbis.
It must be pointed out, however, that prior to 1850, vou Siebold
maintained that eysticerei were tapeworms with hydropically degen-
erate bodies, which was due to the fact that they had developed
in an abnormal host, and were not necessarily intermediate stages.

In 1854 van Beneden successfully infected a pig with hladder-
wormas, four and a half months after he had fed the animal on
Taenia soltum. In spite of van Beneden’s test, some doubt existed
as to the origin of the bladderworms, and whether they actually
resulted from the eggs of the tapeworm which had been administered
by van Beneden. 1In 1855 Haubner fed single proglottides (segments)
of Taenia soliwm, followed by lurger pieces, al various limes fto
three pigs. He killed the pigs, and dissected them at various

eriods after initial feeding, and thus established the growth of the

mfection with Cysticercus cellulosae. At wbout the same time,
Leuckart performed a similar series of experiments on five pigs,
with the same results. Later Mosler and Gerluch confirmed by
Etrthkar texperiments the findings of van Beneden, Haubner and
euckart.

Kiichenmerster's Experiment,

This experiment caused a complete revolution in the science
ot meat inspection, aud it is proposed to quote, in almost full detail,
Neumann's deseription of Kiichenmeister's vesearch. Kiichenmeister
published the results of his experiments in 1855.

For three consecutive days prior to her execution, a condemed
woman prisoner was given seventy-five eysticeres in her food, by
Kiichenmeister, who had made the necessary arangements with the
wrison authorities. At the autopsy, made 48 hours after death,

iichenmeister found 10 young laeniae, 4 mm. fto 8 mm. long,
“ some of which already earried several hooks 7. (Neumann p. 681).
Kiichenmeister repeated the experiment on another prisoner con-
demwmed to death. This subject wuas given 20 measles on two
oceasions—one four months and the other two and a half mwonths—
hefore execution. At the autopsy he found 19 taentac, eleven of
which had already matuve proplottides.  Kichenmeisier's experi-
menls were repeated and the results confirmed the following year
hy Lenckart, who gave four fully developed Cysticerer ecellulose in
milk to o young tubercular subject, who voluntarily offered himself
as a subject, Two months later, Leuckart found proglottides in the
excretum nf his subjeet.

With refevence ta histoaeal litevature on the Cysticercus bovis
and its adult counterpart, the Taenia saginata, there is very little
weitten before the 18th Century, Leuckart, however, is of opinion
thot the Amncient Greeks carried and encountered the Taenia
saginata more frequently than the Paenia soliuvm. e cites as
evidence for his theory the fact that the former is o more common
disease in Mediterranean couniries and the East, thun the latter
disense-causing parasite; and cites too the writings of Hippocrates,
“the tapeworm subject voids in portions the vipe joints of the
worsi *', 8 phenomenon, which Leuckart points out, is much more
ustal and striking in the case of Taenia saginata than of Taenia
soltum. 1f Leuckart’s conclusions are vorrect, then we must helieve
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that beet weasles wust, also, have been fairly common iu Ancient
Greek times, although they were never observed. An important
fauctor in rvegard fo the occuvence of Cysticercus bowvis is that the
cysts ure generally isolated and more frequently than not, are found
singly or a were few, in a carcass. That factor, possibly, was the
reason why they were not noticed by the Ancients, or otherwise, in
comparison with (he usual heavy nature of the infestation of pigs,
they were not considered worth while troubling about.

On similar grounds, Leuckart holds the opinion that the Arabian
physicians mainly investigated 7Taenia saginata. The Arvabians
considered the various segments as separate entities formed inlo
a chain, and that the chain constituted what is now kunown as
tapeworm.  These views were supported by Vallisnieri and also by
Cloulet at the beginning of the 18th Century, and by Linné, whose
description constituted a comparison between u tapeworm and a
plant of many shoots.

With regard to the older deseriptions of tapeworms, we lenrn
from Aétius and Paulus Aeginata, that they considered the tapeworm
ag a metamorphic product of the intestinal mucous membrane.
S Lawmbricus latus transmutatio, ut ita dicam, est membranae inteshi-
nis intrinsecus agnatac in corpus quoddam antmatwm.”  (Leuckart.)

Aneient Chinese Medical Views.

Gear and Pedersen (1934) give un interesting reference to the
work of Chu and Chiang (1931), who translated twelve old writings,
which illustrated the type of knowledge and opinion held by Chinese
medicine concerning helminths,  These twelve works extend over a
period from Tsang Kung Lieh Chuan 180 B.C. to Pien Chiao Hsin
Shu in 1767 A.D., and as Hoeppli in an introduction fo the study
points out, there are several remarkable similarvities in the different
texts. According to Gear and Pedersen, the sawe theories with
slight varintion persist through the twelve works, and are sufficiently
illustrated in an extract quoted by those authors, from the trans-
lation given of the Ch’ao Shibh Ping Yuan of 605 A.D.

“The * Tsun Pai Chlung 7 is also one of the nine worms. It is
about one inch long, white in colowr and flat in shape. The attack
is due to the weakness of one’s viscera. It is suid that the infection
is due to drinking of ** white ' wine and eating of raw heef ani
raw grains, It is also said that eating of raw fish tollowed by a
drink of cold milk likewise produces the infection. Tt weakens one's
weneral physical condition and produces pain and weakness of (he
kidney and feet. [f the worm grows (o one foot in length it causes
the death of the host.”

Giear and Pedersen quote Hoeppli, who suys: ' 1t is very
remarkable, however, that severul inmes the *'I's'un Pai Ch'ung’
which, in our opinion, is a tapeworm, is said to be produced by eating
raw meat, a belief which is evidently not purely speculative, hut
rather the result of observation ™
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Actual beel measles, had, however, been seen for many years,
but they were considered as tumours. In 1684, Redi in Ttuly and
Hartmann and Wepfer in Germany recognized the anmimal nature
of the lurvae from their movements and organisation. (von Ostertag),
In 1767 Linnaues and in 1781 Pallus saw ports of Teenia saginata,
but in 1782 Goeze described the parasite.

Perhaps Knox, who served in South Africa as an Army Surgeon,
might be considered as one of the first writers who connected an
outhreak of tapeworms among humans with the ingestion of beef.
Edmonds (1922) refers to Knox's report of an outbreak of tapeworms
among soldiers who had participated in the Kaflir War 1o IS19.
Knox ascribed the canse of the infection as due to the fact that ** the
soldiers had eaten the meat of oxen which had been driven too fast,
and were exhausted . Leuckart states that he examined some
specimens of the Cape tapeworm, which were seul to him, and he
was satisfied fthat they were 7wenia saginata. lLeuckart makes
special reference to ° Kuox's outbreak "', and strongly hints that
this outhreak and its association with the ingestion of beef and
cerfain other factors were instrumental in cousing the experiments
he conducted in 1861, which definitely established the relationship
hetween Zaenia sagimata and Cysticercus bovis. The various factors
which Leuckart considered were the reports of anecient and modern
truvellers, and particularly of Duvaine in (860, that from earliest
times, almost without exception, the Abyssininns who ate no pork
were heavily infested with tapeworms; that Jews and Moham-
medans, who likewise ate no pork, were frequently infested with
tapeworms; and lastly, Weisse's report from St. Petersburg in
1857, that be had olten fed raw bLeef to delieale children, and that
tapeworms had frequently been developed in his putients. Leuckart,
also, very fairly, mentioned that Hi‘l‘wr and Schmidt had already
noted the probability that the ox eould be the intermediate host of
Taenia saginata. he Iatter had mentioned 1o Leuckart that with
some certainty he had traced the existence of Taenia saginata to the
ingestion of a meat salad made from raw beef,

Lewclkart's Erperiment.

Describing his experiment, Leuckart states that in November
1861, he gave about a yard of some 30 ripe segments of Taenia
saginate to a call four weeks old, and about 8 days later he repented
the feeding with u smaller dose, He mentions that the animal
he experimented on seemed to be so slightly affected by the experi-
ment, that he was about to extract a musele, when, 20 and 17 days
after the first and second feedings, rvespectively, he found the calf
dead.  On post-mnortem exumination he fonnd all the muscles, and
wspecinlly those of the hreast aod uneck, awd the psoas, had heen
penetrated by eysts, which measured about 2 to 4 mm, hy 15 o
3 mm. in size. He found those eysts numeraus evervwhere, ** and
in many places they lay so thickly together, that their total number
must have been many thousands, vet, it seemed ot first as if the
death of the animal under experiment could hardly have Dbeen
caused by them "', writes Lenckart, ** It was, however, indeed the
cysticered which had killed the calf. Further examination showed
that the distribution of the parasites was in no way confined to the
peripheral wuscles of the body ™7, he coneludes.
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Among other localities Leuckort found " erowids of eysts fol-
lowed the comrse of the swollen [ymphatic vessels aml glands ioto
the inguinal regron.”” ** Some of the glands were not only reddened,
but were full of extrvavasated hlood, which permented theonghout
their entire mass "', eontinues Leuckart; and he concludes, ** 1
had almost no sevuple in reterving the death of the auinal to the
pathological state of inHammation of the lymphaties.  The latter
nwy also be traced to the state of inflanunation which resulied from
the tmmizration and development of sueh nuober of purisites.”

Lonckart's ealleagues Seitz and Mosler awveed with his views

and  sn have all uy swevessars concluded ©, o writes Lenckart,
“exeept Ktchenmeister . Leockart hitterly  quotes the weiting
of Kachenmeister: * Leackart’s fivst experiment, taken by itself

teaches us nothing, except that, aftev almndant feeding with the
proglattides o Taenre weediovanaelate (KGchennicister’s nomen bor
T saginutay, the swimal remuined long, apparently unhurt, (il
suddenly, 20 days after fewding it died and exhilited o wiluey
tuberenlosis coused by the Cestode hroad.  Without the subseqguent
experiments, I cannot regard the first us of speeial value in regad
to Taenia mediocannelata ™.

0D~

On December 271h, that year, Lenckart vepeated the experinent
o second eulf, but remwembering the seviae results of his frst
experiment, sml the resultant death of the eall, he used smaller
iloses of segments, and repeated these at five to six day intervals,
nutil the call received about 50 segments.  Twenty duyvs abter the
first infection, many pathological phenomena appeared, tor example,
loss of appetite, fativne, ruflling of the haiv and fever. Lot those
clinieal signs subsided, Gl finally perfect health yeturned.  Forty-
eight days after the first, and thirty days after the last feeiling,
Leucknrt extracted the sterno-hyoil sonsele of the left side.  In
thix musele he found abaut a dozen cysis. The eysts were of varions
size, representing varions stages of development.  Io exumining
those embryos, Lenckart made the striking t'liwu\'a"ry that althongh
the Lladderworms were the ** descendants and young forms of a hook-
less tapeworm, they were furnished with o distinet, though small
pastellum, and with the radiments of hooks 0 Later. Lenckart
watched the development of the eystieeres by extracting other mnseles
al various periods. Tle thus proved, ennelusively, that one of man’s
wrineipal food animals, the ox, was the intetmedinte host of the
Lmnun tapeworm Tacwia saginata.  All Tt one paiv of the following
list of subsequent investigators albtained positive resalts From con-
firttory experiments: —

Germany.—  Mosler (18647 Rall (18651 :  Gerlach (1869
Zien (18711: Zenker (1872); Peabstmaye (1879).

France.— St. Cyr (1873 : Masse and Pourguier (1877).

Belgiun.— van Beueden Junior (1879),

Ialy.— Perroneito (1877,

ngland.— Simonds and Cobhold  (1866)—negative results,
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CYSTICERCOSIS IN SWINE AND BOVINES.

(‘ommenting on the report of Gerluch, Leuckart states, inter alia
“ Gerlach killed his experimental calf 5 months after feeding, awl
found that it was pevetrated through and throngh with hladder-
worms

Conversely, shortly afterwards, Oliver and Perroncito infected
themselves and their respective assistants with Taenin wginata, after
baving ingested Cysticercus hoeis bladderworis.

PART II.

A Survey of the Incidence of Cysticercosis in Swine and Bovines,

In providing a survey of this unature, it must he explained that
figures representative of the incidence of infection as olzerved at
ubaltoirs in many countries, must be rvegurded us nol necessarily
indicative of tiw actual extent of infestation in such partie nlar
countries, since, in many cases infected stock slaughtered may have
been imported from elsewhere, aud the survey would fhen, rather,
tentd {0 show the surmiszed uuulmn.v of infection in Ilw export
connfry. Lo some countries also, relinble statistics have not heen
compiled, and, therefore, data given must frequently he judged more
as speculative than actual.  In some other countries sfatisfies of
infection were availuble many years ago, hut more vecently, owing to
a decrenged incidence of infection, the relatively few cases have nol
heen recorded.

The statisties supplied in the following pages have heen obtained
from (a) old, recent and contemporary literature; (h) as the result of
persoual enguiry  from  the respective authorities and  from  the
ohliging mp}ivs senf by those colleagues: (¢) from ** speenlafive ’
sonrces reflecting the incidence of infection found among exported
stock -zlmu.rhtawr'l and hmm] mfer*tml in foreign countries. Tf might
be explained 1hat questionnaires were forwarded to no Tess than fifty
countries, and replies were obtained from the vast majority of them,
It is reevetted that no statisties ave available for o few important
lerritories.

A. Toe Ixcipexcr or CysTicercosts ix Swing Axp Bovises
1y Eurore.

Great Britan.

Through the kind favour of Col. T. Dunlop Young of London,
euquiries were made from the abattorr reports from wost of the
important centres, hut not a single instance of measles was reported
for the vear 1935,

Robertson (1920) aceidentally infecled some if his patients al
Leith (whom he had placed on a raw beef dict for tuberculosis) with

Taenia saginata. It can, therefore, be presumed that €. boes must
have pecurred at that time among Scotfish slaughter cattle,
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Stockman (19091 stated that although no statisties on the fre-
quency of measles were available in Britain, there was little doult
that it existed in British swine st that time, ** In the pust few years
the anthor has met with several eases, and others have been reported
by practitioners,” (Stockman, 1909). Cameron (1933) sugeests that
both spevies ure sometimes met with in the British Isles..

Germany.

According to von Ostertag (1934, the tueidence ol £ lovis an
oxen varied hetween 0321 per cent. in 1904 and 027 per cent. in
1928, Tu Berlin the percentage of animals infected fell from 0-84
in TS to 0083 o 1922, and rose to 0-617 in 1928, In Breslau,
Mahlendortt (19307 recorded fhe ineidence of infection af Chit
abattoir during 1929-30 o he over 1 per cent,  The highest per-
centage (100 was during the month of Novenher, 1929 (ie, during
the period unider report),

Aceording to Leeh and Berngritber (1932), during 1931, 1906
per cent. of sliughfered hovines were found to he measly in Wiirz-
hurg, nnd there was evidence that infection was inereasing through-
ont the State of Bavaria.  According to Krneger (1034), 2 per cent.
of all eattle slanghtered in Kotthus were infected with €', havis.

Junack (1926) draws attention to the taet that for Prassia for the
vears 1922 and 1923, I8 and LI bovines, respectively, were shown as
measly, wherens the thousands of eattle which were passed after
trentment (conling for 21 days), were uof wentioned.  Thus the last-
named numbered 403 and 398 for Berlin alove.  Junack mentions
that, by not ineluding all these lightly infested bovines in the count.
a false tmpression 1= given.  Thus, on the one hand hygienists, and
on the other hand bateliers get the wrong hmpression that €. boris
Cinermag) is not of much moment any longer from a point of view of
Public Healith and Food Eeonomy.

I Giermuny the ineidence of € vellulosae has diminished 1o
almost nil in German-reared pigs.  Most of the cases found during
the past few vears at German abattoivs have been in inported
slanghter pigs.  Thus Berdel (1930) records that ot Frankfurt o, M.
abattoir, hetween 10929 and 19.11.29, ont of 1,415 pigs imported
froon Lithuauia, 100 were found to be measly (e, 47 heavily infested
and 54 li;.rhtl_\' infested),  The same autlior quotes Mever, who stated
the vear hofore that 1947 per cent, of -‘r‘ltl'llstlﬂt‘.l'l‘t'] Russian pigs
wire found to e measly at Barnaul.  In the Saxon foreign-import
mead inspection halls 39 ont of 13,472 half-pigs were found measly
duving 192526, (Berdel )

Von Ostertag (1913) showed the gradual  diwinution in the
nuniher of weasly hogs in Germany thus: -

() Korpghioge of Prossieo. (1) K tmppeberns oo Seviennys. (i) Beilin,
Perventage. Peveanlinge. Pereowlage.
INTG-HR2.. oo (03324 I8 ......... I 1al (1. % S, U1 WS77
ISSG- I8Nt . .. O 181 1860, . ... WBIT IRO2- 1803, . ... .. 3
15001892, . ... - 122 6,31, TR | B [ ISUS- 1808, . .... UL
1808...,....... (TR ] ISR, ..o e na. D-INE
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CYSTICERCOSIS IN SWINE AND BOVINES.

Mumisterialdivegent Professor Dr. Missewmeier of Berlin kiudly
supplied the following official table showing the incidence of cysti-
cercosis (measles) in Germany for the ten years, 1925-1934: —

Heavily infested. Lightly infested,
Year, ‘
Cattle. Pigs. Cattle. | Pigs.
No. | Per 1000, | No, | Per 1000, | No. | Per/1000. | No. | Per 1000,

|-, (e 112 0-03 193 n-02 G174 191 336 -3
1926, ;. 0ve 102 0-03 178 011 5801 2.09 2506 0-02
1927...... | 03| 0.084 | 92| 001 | %10 | 223 | 1s6| 0.0
1928, .uie 156 01-05 W8 (111 h.a55 2-64 222 0-01
1020, ..o 167 =04 a7 0-03 11,2537 2-82 46 -1
W, ... 1 | 005 798 004 11501 4-24 075 005
131 ..... 278 1 0-06 219 0-01 11,4050 3-53 283 001
15 b S 247 006 60 0-00 135,368 3-83 _ _I.'E:i- =01
§1 . JE— 224 0-06 10 {1-00 L4 18R 4-08 I‘I 141 1)-01
1H3d...00. | 880 - 16 = 16,667 — | ws -

Note the steady increase in nuwbers and per thousand in cases
of €. bowvis in Germuany.

Switzerland.

The statistics given for Swilzerland were kindly obtained hy
Dr. W. Frei, of the Veterinary Pathological Institute of the Univer-
sity of Zirvich, from the abattoirs at Basel, Ziirich and Berve. The
statisties cover perviods ranging from 15 years to 25 years, and may
he taken as fairly representative for Switzerland. The statistics are
those for pigs and adult bovines only. The incidence of €', boric
in calves is very low.

At the Abattoir ot Berse. Statisties kindly supplied by the
Director : —

|
" Bovines | Per- . Bivines - Per-
Year. | slaughtered. | Measly. centage. Year | dlanghtered. | MM |t
02, 4155 U] 038 1930 ..... 5,487 is 0-30
1932, .... A AL 1 031 1931,... 4,788 20 042
&L s 5,205 IS 020 1932, ... ENE N a4 0+72
19250020 5.00% 7 014 1933, <o a0 2] 047
1026, .:54 4015 4 017 1984, ... 7202 17 | 0.28
| Ly R 4,794 I8 (38 1938 .00 B.AIR 1 0- 18
1928, . ... a,012 0 018 1936, ... 549G 10 n-18
1029 ... 1974 14 -2 4
]
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Very nearly half the cattle killed at Berne were imported.

Nove.—During the above period ounly one measly pig was
hlauglltﬂied (during 1926, out of over 20,000). This pig was inporfed
from Ialy

At the Abattoir at Zirich.  Statisties kindly supplied by the
Director: —

| |
- Bovines | Per- o Bovines AR Per-
Xear- killed, | VO | onage, || Yo Killed, ! Measly. | contnge
{1 V1) P 11,538 20 0-17 1923. ... 12,929 14 0-11
L1} 1. 11,181 24 0-21 1924, ... 17,624 " 00534
W25 1u1s 20 0-18 19245, ... 14,802 17 012
I9M3...,. 11,150 15 0-13 1026+ 12,660 4| 017
1914..... 11,853 20 022 1927. .. 20,042 14 0= DG
5. ..., 2,177 8 15 IN28. ... 12,011 14 0-11
117 s 13,5364 24 0-18 1929..... 19,740 21 (e 14
IM7..... 13,558 32 U-24 1930, ... 13.477 ) LR
1018..... 20,015 b 0-22 1901, 7.020 ] s
1 (F | { IR 18,062 27 | 0:15 11!32‘. ol U804 4 041
1020..... {[R{HES 13 | o012 1933. ... 1700836 15 (IR
031 ¢ 3.046 i 1 1934 . 17,504 ] 0-0451
122.:. .. 11,531 19 | 0n+14 1935,..... 11340 1] 0- 088
t 1936, ... 15,37H I 0-13
I

During the period 1910-36, over half-a-million pigs were
slaughtered, of which number only 52 were measly.

At the Abuttoir at Basel. Statisties obtained from annual veports
for the years 1915 till 1935, Reports kindly sapplied hy Dr. J.
Unger, Director of Abattoirs:—

| ope . Yo
Year, ‘ Bovines. | Measly. "GK:JR!'- Yeur. Bovines. Moasly. Ill.""lll::gt’.

) & TRNE——. | 18,2585 15 | (82 1985, 13663 x4 a2
1914, .. 00 ‘ 16,630 | 15 0-08 1026, ... 13,770 23 016
RO s (R 24 0-17 1927 . 13.045 40 (131
(8] [ T 12,621 17 014 1928, ... 13,6418 32 0-23
1917, .0 13,402 12 0-04 1920, 5.5 14,782 a 027
1918 17,455 EN] ()26 1930, .. 12,720 Rl | -3l
L1111 PR 14,211 il i) 1931.... 13,388 m 037
1920..,.. 10,221 Gl -4l 12, ... 14075 el 020
1117 ] BN 9.807 27 0:28 || 19898.... 15,425 13 0=29
1822:., (-, 11,858 B41] 033 3. .. 16,485 Bid 023
1928._.... 14224 | 52 037 1935:... 16,5338 24 0-145
190..... 18,167 1o 005 |

During the period quoted above more than one million pigs
were killed at Basel, and of that wnmber only eleven were found
measly, the last (one pig) being in 1951, and previous to that, one
pig in 1924,
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Special Notes relative to the Reports for the Abattoir for
Busel : —
1920: Of 61 measly cattle, 11 were imported, viz., from
Denmark G out of 1,165 from Canada 2 out of 615; from
ITtaly 2 out of 222 from Lielhtenstein | out of H2.

1921 : of 27 measly cattle, 16 were imported, viz., from Depmark
T out of 2,427; from Czechoslovalkia 5 out of 1,228
from Canada 4 out of 1,145,

1922: Of 39 measly eattle, 13 were imported, viz., from
Denmard: 1 out of 439 from Germany 1 out of 93; from
Canade 1 out of 152 from France 3 out of 4:3; from
(Czechoslovakin 5 out of T88: from lrgentine 2 ount of
770,

1925 Of 52 measly cattle, 28 were tmported, viz., from Holland
1 ont of 191: from Seuth West Africa 1 oub of 204;
from Argentine 8 out of D08: from Denmark 18 ot of
5,024.

1924 : Of 100 measly cattle, 87 were imported, viz., from Canada
1 out of 392; from South West Africa 2 out of 117:
from Czechoslovakia 17 out of 235; from Germany S
out of 1,340 from Argeatine 11 out of 3,742: frowm
Denmarl: 58 out of 8,833,

1925 Of 72 measly cattle, 56 were imported. viz., from dwustrio
19 out of 1,502 from Ztaly 14 out of 1,394: from
Canada 8 out of 2,821: from Czechostovakia T out of

624 from Germany 5 out of 539 from Hungary 3 ouf
of 1,821.

1926 : Report does not give separate origin of meusly stock.

1927 Of 40 measly eattle, 19 were imported, viz., 14 out of 411
from Czechoslovakia; 2 out of 2,713 from Huwwgary;
3 out of 991 from France.

1928: Of 32 measly cattle, 4 were imported, nomely from
France 2 out of 1,910: from Hungary 2 ant of 480.

1920 No stock imported,

1930 : Of 39 measly cattle, 16 were inmported, all trom Hungary,
i.e., 16 out of 2,889,

1931: Of 49 measly ecattle, 23 were imported, viz., from
Germany 1 out of 233 from Hungary 22 ot of 3,814,

1932 Of 40 weasly cattle, 3 were imported, viz., 1 out of 376G
from Hungary; 2 out of 56 from Czechoslovakia,

1933-1935: No records of impovted cattle.

[n older Swiss literature, Buri (1915) mentioned that in Kastern
and North-Eastern Switzerland the ineidence of (. lovis was higher
than in Western Switzerland. Thus, for Eastern Switzerland he gave
an incidence of 1-5 to 23 per cent., and for Western Switzerland
0-3 to 04 per cent.

Krupski (1917) found at Liestal o percentage of 5-0. This high
percentage Kanpski attributed to wore thorough inspeciion of pre-
dilection sites.
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Holland.

Le Coultre (1928) obtained the following data from Professor
vitt (ijen : —

At Rotterdmmn from 1918 o 1923, only cases with living
Cysticerei bovis were noted. The percentage infection vuried hetween
G001 and 0-003. From 1924 to 1927 vases with degzenverated measles
were wlso noted, and the pereentage was then between (-1 and (-2,

At Haarlem, in ten years up fo 1927, the iocidence varied
hetween 0-33 per cent. and 06 per vent.

At Alkmaar the incidence varied hetween (-1 per cent, and
0+H per vent,

At Leiden, in adult bovines, between 1918 and 1922 the inci-
dence of infection varied between 0-1 per cent, and 0-G6 per cent.:
in 1923 1t was 0-04 per cent.; and between 1924 and 1927 it varied
between 02 per cent. and 04 per cent.

At Groningen, in ten years the incidence varied between 104
per vent. and 1°5 per cent.

At drnhem, the figures were: 1918, 1°51 per cent.: 1919, 2-45
per cent.: 1920, 2-94 per cent.; 1921, 3 per cent.: 1922, nearly 4 per
cent. (238 cases out of 5927 hovines slanghtered); from 1923 10 1927
the percentage varied hetween 2 and 2-79 per cent.

At Nijmegen, the percentage varvied from 1918 tot 1922, hetween
0:22 aud 04, From 1923 to 1927 a sudden tremendous increase in
the percentages oceurred, fhus for the five years 1923-1927, inclusive,
the figures were 3 per cent.: 3-7 per cent.: 4T per cent.; 44 per
cent. and 3-2 per cent., respectively,

[ Le Coultre aseribes this increase in the incidence, ns nhserved
at. Arnhem and Nijmegen to more thorough inspection technique.
School (1933) expressed a similar opinion, |

At Utrecht the percentages varied tfrom 1918 to 1927 letween
0-23 and 061,

Recend Stabixiies,

Professor (. 17, van Oijen of Utrecht kindly supplied me with
the following statisties for the vears 19334 and 1934 . —

Cysticercus boris was found in 1933 in 4,515 adult hovines, aud
in 1934 in 4,572 adult bovines. According to Prof. van Oijen, the
number of cases of evsticercosis, so far as this concerns the whole
country, has again risen, namely from (84 per cent. 1o 01-92 per cent.

Al Leewwaarden an inerease in the numhber of vases ol eysticer-
eosis in bovines has heen noted, which is rveflected in the following
statistios: —

Dead Specimens Living Specimens
pereentaye coses. perecntage cases,
19430 - NIPSTRIPRTPMCT N | 151! 001G
)12 530 (PR SRR w11 1) (- 059
1988 oo wns s sy L JPTE 0-06
A b S NP L WA N | (- 06
111 S R g o O 1 0-1
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At Rheeden, 9-2 per cent. of the total slanghtered bovines were
found measly —105 cases. * The percentage 15 still steadily in-
creasing . (Prof. van Oijen.)

At Adrnbem, Cysticercus bovis was found in 257 adult bovines
(4-45 per cent.). ' Percentage is still increasing ', (Prof. van
Oijen.)

At Utrecht, 128 adult bovines were found measly. The perceni-
age this figure represents was not given,

At Apeldoorn, 64 adult hovines were found measly (2-1 per
cent.).

At Zutphen, 138 adult bovines were found measly (4:24 per
cent, ).

At Doctinchem, i adult bovines 4:07 per cent. were found
measly,  (The number of cases has incressed,)

At dmersfoort, 17 eases were measly (percentage nol given),

At dmsterdam:

Ist guarter, 9 cases living or 0-08 per cenl, amd 24 cases dend
measles, (0-32 per cent.

2ud quarter, T cases living or 007 per vent, awl I8 cases dead
measles, 0-18 per cenl.

Srd quarter, 8 cases living or 0:09 per cent. and 47 cases dead
measles, 0-52 per cent.

4th quarter, 20 cases living or 0-17 per cent. and 93 cases dead
measles, 0-75 per cent.

At Haarlem, where the percentage cysticercosis 18 considerably
higher than at Amsterdam, the inerease was not so obvious, as is
shown iv the subjoined tahle: —

Ist quarter, 10 cases living measles—U0-45 per cent. and 37 cases
dead measles—1-T per cent.

2ud :iualter. T cases living measles—0°3 per cent. and 38 cuses
ead measles—1-6G per cent.

drd qluarlm-, 8 cases living weasles—0-33 per cent. and 55 cases
dead measles—2-3 per cent.

-

AMh guarter, T eases living measles—0-28 per cent. and (2 cases
ead measles—2-5 per cont,

Only three cases of €, cellulosae were found in pigs in Holland
during the vears 1933 and 1954, Kerstens (1931) showed that it was
dungerons to presnme that €. eellulogae was non-existent in Holland.
Ile referred to a case he found in a pig which was slaughtered domes-
freally by a farmer.

Belygram.

~ Professor V. Rubray, Rector of the Eeole de Médicine Viteri-
paire, Cureghem-lez-Bruxelles, writes (3th March, 1997):-

“ 1. As regards infection of the pig. we Aud only one or two

cises per year, out of about 150,000 subjects slaughtered at the
abattonrs,
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In eattle, during the war, 1 to 2 per cent. were found ine
imied liut nowandays it is as rarve as in the pig.

The result of this notable decrease in the incidence of cysticer-
cosis we attribute to our hygienic measures and the fact that the ox
and the pig are given no facility to become contfaminated hy humin
excrefum.’’

Franee.

T spite of exhanstive enquiey into recent French Literature, aud
personal communications to Frenel authorities, the present author
was unable to obtain any vecent information as to the ineidence of
(', cellulosae and €. hovrs in Franee at the present time,

~ Vosgien (1911 gave the percentuges recorded at three cenfres.
C', eellulosae in pigs:—

LParvis: 1900, n (33 per cent.: 1901, 0-05 per cent.; 1904, 0-01
per cent,; 190G, 0-0175 ;wr cent.; 1910, 0-034 per cent,

Bordeauwa : lﬂlla. 0-05 per cent.; 1906, 0-063 per cent.: 1904,
0024 per cent.

Lomoges: LSO, 076 per cent.: 1895, 0-62 per cent.; 1900, 0-48
per cent.: 1904, 0-41 per cent.: 1910, 0-27 per cent,

Avcording 1o Ballon (1913) (le Coultve, 18281, the percentage
infected hovines was as high as 17-42 (i.e. 239 cases out of 132 hovives)
at Troyes-swr-Aube. Ravmond (le Coultre, 1928) found the per-
centage to be 3-3 in bovines in Paris in 1908 and 1909.

[f we were to consider the incidence of infection in French
hovines exported 1o Switzerland as o criterion of the extent of infec-
tion in French domestic cartle, then the incidence of €. bavis in 1ha
country is very much Tower at the present time. During the vears
1922-32, 3,140 cattle from France were slanghtered at the abattoir
at Basel, Switzerland, and of this number only 8 were infected
(0+25 per eent,).  The maximum record of infection was shown in
1922, when 3 French cattle ont of 43 were found measly at Basel.
(Approxiniately T per cent.)

Sparn,

Owing to conditions a1 the present time, it is not possibile to
abtain statisties from this country.  According to Vosgien (1910-11),
029 per cent, of pigs slaughtered in Madeid in 1910 were found to
be measly.  Out of 61,457 pigs slaughrered in that civy during 1810,
180 had miensles.

Parlugai.

Dv. Fernando de Fontes Perveriva de Mello kindly supplied the
following statisties velevant {0 the incidence of eysficercosis in
Portugal : —

] f'y.?.r‘u'f-rru.-- collulogsae—i(Port llg‘ﬂh.
194 19534 1935
Nuniher of cases . . .. ... 312 429 447
Percentages ... ... ... .o 021849, 0-209%, 0-213%
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. Uysticercus bovis—(Lishon abattair).
Number of cases: 153,
Percentages of slanghtered bovines: 0-003 per cent,

These cases came from :—

Alentejo (Portugitl) .. oo voe v vee v vin ons |

Ribatdjn (Partugal) .. oo covsiiine i oo s 1

Angala (Wist Sfvice) ..o s oo e sme oo 181
Lialy.

Cysticercus cellulosae wus relatively common in Haly about the
year 1870, Thas, Pellizari (Leuckart, 1886) estimated the namber
of measly pigs in Ttaly to be 1 per 3,000, hat Perroncito (Leuckart)
stated that in Turin 1 pig in every 250 was measly, and iu Milan
I in every T0.

In veply (oo vequest for information on the present incidence ol
eysticercosis in Italy, the Union Minister Plenipotentiary at Rome
very kindly submitted the following translated Note Verbale dated
17th Muareh, 1937, from the Rowyal Talinn Ministry of Foreign
Affairs,

Nate Verhale (17.3.37).

“In Italy, due to the continuous and steiet remforcement
of the Legislative Regulafions dealing with sanitary supervision
over menl, infection throngh Cystioercus vellulusae has become
rire, <u mueh so that in maeny big abattoirs in the Kingdom,
where the meat of thousands of pigs has been controlled for
wany vears, there has not been found a single ease.

The same thing can be said about Cysticercus hoves, which,
for example, hus for wore than 10 years not heen found in the
Rome abattoir, uotwithstanding the mmhnumm and ru,c_-;ulm
research as with (ysticerous ('.fHuImm-. in points where the in-
feetion is most Likely to be found.

It shoulil also be considered that in Italy butchering for
private use is, by regulation, under veterinary countrol, and it
is 10 be borne in mind that this too, has advantageously contri-
buted to reanching the favourable situntion indicated aboye

Prom 1920 10 1932, 16 export Ttalian bovines out of 1,837 were
found wmeasly at the abattoir at Basel (Switzerland),
Austria.
Vosgien (1910-11) gives the following statisties for the Vienna
abattoir i —
lu 1902 : 4,109 cases of measles out of 594,539 pigs slaughiered
—0 671 per cent.
o 1903 3,425 cases of measles oul o
—0-606 per cent.
In 1904; 3,213 cases of measles out of 579,817 pigs slaughtered
—{* J.m per cent.
Lo 1905 : 4,243 cases of measles out of 575,340 pigs slnghiered
—1-73T per cent,
Tn 1906 : 3,421 vases of measles out of 600,244 pigs slanghtered
—0-569 per ocent.

—

064,814 pies slanghtered
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In Wiener-Neustadt, Schumidt (von Ostertag, 19131 found le-
Iween the years 1901 and 1910 that 1-8 per cent. of pigs were measly.

According to Schoad (1930), 89 pigs out of 54 461 slanghtered at
Wicner-Neustadt (i.e., 0-17 per cent.) were found measly in 1929,
Of this number 57 came from Yugoslavia: 16 from Hungary; 11
from Poland.

According to the same author, 17 hovines out of 17,439 were
mensly at Wiener-Nenstadt during 1929,

The Chef der Veterinireerwaltuny des Oesterveichischen Bundes-
wanisterowm fir Land-u.Forstwivischaft writes (letter dated 8.1.57):
I the years 1930 to 1935 were found in the abattoir of the Capital
City of Vienna:—

1930 f,',c{x!z'a.-c-n.‘u.e cellulosae 1 29583 pigs out of GD6,283
slavghtered—0-43 per cent,

1931 Cysticerens colluloype in 2441 pigs oul of 860,707
slaughtered—0-28 per cent,

12 Cysticercus  cellulosne in 2,702 pigs out of 711,082
slanghtered—0-38 per cent,

1935 Cysticereus cellulosae in 2,103 pigs oot of (57,660
slanghtered—0-31 per cent.

14 Cysteecercus  cellulosae  in 96T pigs out of 745,244
slanghtered—0- 13 per cent,

19495 ¢ Cysticerens cellulpsae in 793 pigs ont of (47,678
slanghtered—0-12 per cent.

1930 Cysticerens wnermis (bovis) in 73 eattle out ol 129,050
slanghtered—0-057 per cent,

1931 : Cysticercus rnermix (boreis) in 120 eattle oni of 128,464
slaughtered—0-094 per cent,

1932 Cysticercus mnermes (horvisy in 155 cattle ont of 130,449
slauglitered—0-12 per cent.

1933 Cyshiecercus inermas (hovis) in 114 cattle out of 108,505
slanghtered—0-104 per cent.

1934 1 Cystiverens onermag (horvis) in 156 eattle ot of 105,852
sloughtered—0-14 per vent.

1995 Cysticercus inermis (bovis) in 217 eattle out of 114,874
sloughterad—0-19 per cent.

During the years 1901 to 1928, in Wiener-Nenstadt, 8,697 pigs
ont of 1101544 slaughtered, werve fomul to he measly, e, 0079 per
vent., Between the years 1926 and 1928, in Wiener-Neustadt, mmong
slanghtered hovines 0214 per cent. of the cattle from Lower Austria,
040 per cent. from the Burgenlands, 0189 per cent, from Mungary
and 0-49 per cent. from Rowmanin were found to he measly ™,

The Chef then stresses (he point that one should observe that in
Viennu a large numbhber of the slaughtered pigs and entile eomes from
the neighbouring states, Yugoslavia, Huoogary, Rowmania and also
from Poland, This alse applies to slanghter pigs in Wiener-
Neustadt.
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According to the varions annual reports for the abattoir at Basel,
Switzerland, Dr. Unger found, between 1920 and 1932, that 20 our
of 1,545 bovines imported from Austria (including Lichtenstein) were
measly,

Hungory.

According to Brener (Vosgien), the statistics of €. cellulosae at
Budapest abattoir during the vears 1902-1905 showed that 10,265
pigs out of 987,905 slaughtered, were measly, that is 1203 per cent.

These pigs were analysed as follows, us regards origin:—
0-64 per cent. of Hungarvian pigs were measly,
391 per cent. of Croatiun pigs were measly,
226 per cent, of Serbian pigs were neasly.

Judging from his observations at Wiener-Neustadt, Sehnid
(1930) estimated that between 1926 and 1928, (1-189 per cent. of
Hungarian eattle were measly,  This percentnge represented the
Hungarvian export cattle which were found measly at Wiener-
Neustadt.

During the years 1920-1932, 12,000 Wougarvian cattle were
xluu;‘zh!m'c-ﬂ at Basel, Switzerland.  Of this number 46 were found
to he measly, approximately 0-38 per cent. The highest number was
22 out of 3,814 in 193). (Jahresbercht des Schlachihofes von Basel-
pra 1920 e 1932.)

(zechoslovakia.

In 1896 Prettuer found that 344 per cent. of pigs slanghtered
at Prague were weasly. In 1902 it was found that 1,823 cases were
measly out of 356,579 pigs slanghtered ut Prague, that is 0-31 per
cent.

In 1909 in Dux, Liebscher found €. cellulosae in 2 per cent of
pigs, and in 1910 in | per cent. of pigs, Tu both vewrs 7, baris was
rondd in 006G per cent. of cattle by Liphseher,

For Karlsbad, Messner (1930) shows that the incidence of
hore during the fwenty-five vears, 1905-1929, had fallen from 2:6
per cent. and 3-0 per cent. in 1905 awd 1906, vespectively, to 0-44
per cent. in 1916, The following vear it increased to 14 per cent.,
bt fell suddenly to 0-2 per cent. in 1918, Then, between the years
1919 and 1922, 1he percentage oscillated round about 1-1,  Between
1925 and 1927 the percentage varied from just below 05 to 0-8. Tn
1928 it rose to 1-44 per cent, and in 1929 it was 2:55 per cent., the
thivd highest record during the 25 yvears under yepori.

During the years 1920-1932, forty bovines from Czechoslovakia,
ant of 3,961 slaughtered at Busel, Switzerland, were measly, that is
over 1 per vent.  Of this number. 14 out of 411 were found to be
measly in 1927, Dr. Unger, Dirvector of the Buasel Aluttoir. made
special mention of this record percentage (1-4) in consignments from
a single country.  (Jahreshevicht des Slachthofes von Basel-Stadt pro
1927.)
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In a letter dated 3rd February, 1937, the Czechoslovak Republic
Ministry of Agriculture supplies the following statisties in respect of
the incidence of cysticercosis at theiv three principal abattoirs: —

Slaughtercd. Cvstieercosis foand.
Abattoir. Year.
Bovines, Swine, Boyines. l Swine.
I, N No. No, oL No. oS
PrNgia® . o v vyiws 1430 — £14,427 - — Bz | n-is
1031 — J6,471 - - 300 0083
1932 — 374,711 - - T2 (ALY
19033 — 263,615 — - a2 0036
1034 — 333018 | — — 03 0028
1035 07700 81,000 70 - 103 223 108
Han ST.020 AT0,048 174 LR T 430 (IR
BN eeerennns | 1030 | IS804 | 50,821 2| 0eon 12| o2
14 15,8064 5,808 - 1 0018
12 18,471 AL.T06 | 00054  { 0018
183 16,253 41,100 3 0012 17 041
1034 18,062 48345 a 0028 4 R
1936 17.011 SH,4501 [} 0022 | =001
1936 14,711 55,100 I (00T X (THITEY
Bratislava, ., ... 18930 9415 UGS % 00201 | oz
1931 40,4904 AT7.430 1 001 k] 0007
1032 10.727 A3.024 3 0027 3 00052
1033 10,304 48,370 2 001 u LR g
1934 10,927 55,824 1 O Dir2 ) 1006
1934 10,150 BURUE 8 0076 - -
1956 6,250 UGG K 0H-34 - | (LRI
Yugoslavia,

It is not clear what {he extent of infection with C. cellulosae und
€', bores is ut the present time o this molti-raced Kingdom,

Between the years 1902-1905, Heener found that #-91 per cent.
of the Croatian pigs and 2-26 per cent, of the Secbian prgs were
found measly in the abattoir at Budapest (Hungary).

According to Vosgien, eystiereosis is quite rave in Croatin amd
Slavouia, but very common in Serbia.  Martel, acearding to Vosgien,
found in 1905 that from 8 per cent. to 12 per cent. of Serbiun pigs
were measly.  In Bukowing and in Dalmatia, figures of G per cent,
and H per vent., respectively, are given,

Selomidt, weeording {0 von Ustertag, fouuwd 0-83 per cent. of
Crontian pigs to be measly ot Wiener-Neustmilt, Ausiria, between
101 and 1910,

According to Kukuljevie (1906) 0-5 per cent. of pigs in Serbia
were found to be measly in tongne-inspections, without resorting to
weat inspection.  Kukuljevie attributed the high incidence of measles
in pigs in Serbia to the unhygienic customs in that country, where
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pigs are allowed to wander about the streets and on opeu fields, and
thus greater facility for infection existed than would have heen the
case had praper stying and hushanadry been practised,

Rumania,

Sehmidt (1930) found that between 1926 and 1925 (-49 per vent,
of Rumanian eattle slaughieved ot Wiener-Nenstadt, Austria, were
measly,

The Director of the Doectrwneca Zootechnea s Sanilava Vetep-
s kindly supplied the following official statisties showing the
recentinost incidence of 7. eellulosaer and O, hovis as observed an
Rumania: —

Vear.
1933 5081 eases, e, 103 per cent, of the total pigs
shinghteved at the abattoivs were weasly,
10 eases, d.e. 0-014 per vend. of the fotal lavines
slinghtered ut the abattoivs werve measly.
1934 : T.984 euses, te., 1,225 per cent. of the ftofal pigs
slanghtered ol the abattoirs were measly.
139 cases, e, 0-D18 per cent. of 1The total hovines
sloughtered ot fhe abattoirs were wmeasly.
1935 0 4,604 eases, e, 077 per ecent. of the total  pigs
slanghtered ot the ubattoirs were wmeasly.

168 eases, i.e., O-018 per cent. of (he total hovines
slanghtered ut the abatfoits were mensly.

Bulgaria,

Dikoff (1941) mentioned 1 his wrticle that as regards eradication
of faeniasis, Bulgaria had vet to commence, aml a good deal had yet
to be aceamplished in omeal inspection.  Aecording to Dikoff, the
actual extent of bumau infection with Taewio solvm and Taenia
vaginala is not known in that conntry, hut €', eellulusae is envann-
tered on an average in 0-39 per cent, to 2-45 per cent, in Bulgarian
pigs.,  Sinee 1920 Dikoff has noticed no decrease in the iucidence,
Pig dealers know the disease, and frequently bring pigs to slaughter
houses wheve no inspections exist, rather than risk condewmation al
properly controlled abattoirs,

Cystecerens bovig, avcording 1o Dikoft, is very common, In
Sehumen the incidence of infection is 2297 per cent. in adult havines
(huffaloes) and 58 per cent, in calves.

Hussia,

According to von Ostertag, €7, cellnlosae 15 0 connpon disease in
Russian pigs.  Thus, Menzel, aceording to von Ostertage, mentioned
that doring 1904 and 1907, 168 t0 3-21 per eont. of Ruossinn pigs
iported into Germany were fonnil fo he weasly, votwithstanding
fhe fact that in the live inspection (longue) of the export pigs 10
per cent. were withdrawn.
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Holfmeister (von Ostertag) mentioned that in 1918 in Berlin 5
per cent. of pigs imporfed from Russia and the Balkan States were
weasly.

Bevdel (1930) quotes Meyer (1920), who found that 19:47 per
cent. of all slaughtered Russian hacon pigs were measly ot Barnaul

Lithwanta.

At Fronkfurt a.M. Berdel (1930) found, in the short period
betwern 10th September, 1929 and 19ih November, 1929, that 100
out of 1,415 imported Lithuanian pigs were measly (7 per cent.). Ou
one day (28th October, 1929), no less than 16 out of 81 were found
to be measly, and on 1st October, 1929, 12 out of 65.

Poland.

For the official abattoirs in Poland for the year 1935, Trawinski
(1937) gives the following statistics : —

(", ecellulosar: 12,765 cases out of 3,604,737 pigs slaughtered
(058 per cent.,).

(' havis: 1,168 cuses out of 1,148,483 bovines slaughterad (01
per cent.).

Sweden,

Custreereus cellulosae is sand always to have been o very rare
parasite in Sweden,

Aceording to Vosgien (1910-11), the following percentages mnfee-
tions were observed at the abattoir at Malmoé: —1906: 0024 per
cent.; 1907: 0-00034 per cent. (1 out of 28,616 pigs): 1908: 0-021
per cent.: 1909 0010 per cent,; 1910: 0-00G8 per cent.

Von Ostertag supplies the following statisties for Gitenburg: —
1908 0-004 per eent.: 1909 : 0-009 per cent,

[)l“.’lf- N'F(JJ'{(.

Cysticercus cellulosae has only very sporadically been found in
Denwmark.  Thus, Vosgien states that hetween 1888 and 1895 only
one measly pig was found out of 1,344,206 pigs slanghtered.

Avvording to Nielsen (1934), €. cellulosae last appeared in Den-
murk before 1929,

According 1o Elvinge (1929), the incidence of €. boviy is steadily
increasing in Denmark. This was very noticeable at the abattoir at
Odense, between Ist January, 1927 and st October, 1929, In the
year 1927, out of 8,483 slanghiered adult hovines, 2:07 per ceni. hail
dead measles und 0-12 per cent, live measles.  In 1928, out of Y, 145
adult bovines, Elvinge found 3:15 per cent. with degenerated measles
amd 026 per cent. with live measles. In the vear 1929 (9 months
onlyy in G.959 adult bovines, Elvinge found degenerated measles in
2-71 per cent. of carcasses and live measles in 0-39 per cent. of car-
casses,  The mean percentage for adult bovines was 2-90 per cent.
Elvinge then gives statistics for the vear 1922, in which the per-
centuge measles in adult bovines was 0018, The cattle originated
from the same areas.
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Nielsen (1934) states that €. boris 1s inereasing iu some localities.
At Sonderhorg the incidence 15 1-21 per cent. of iuspected carcasses.

Durving the years 1920-32, ont of 17,889 exported Danish bovines
slanghtered at the abattoir at Basel, Switzerland, 90 were founi
measly (0-H0 per cent.).

B. Tie Ixcioexce oF CysTicercosts 18 Swise axo Bovixes iy Asia.
Syria.

It is not known to what extent eysticercosis occurs in Turkey
proper, but it is surmised that the incidence of C. cellulasar must be
ney |g1hh-. on account of the predominant Mohammedan population.
Definite statisties of the incidence of (', hovis are, however, available
for vertain Mandated States, which formerly formed part of Levan-
tine and Asiatic Tarkish Empive, e,0., Syvia and Lebanon and also
Palestine.

CAt Homs, Syria, Valade found 116 cases of eysticercosis in 619
hovine carcasses (e, 1886 per cent.) in 19252206,

Reference is wade, in o subsequent part of this work, to a suevey
made by Yenikomshian and Berberian (1934) of the incidence of

saginata infection in various parts of Syria and  Lebanon,
Although these authors do not give any statistics of €. boris infection
i cattle, 11 is reasonable to presume that €7, hoes is very frequent in
Syria and in parts of Lebanon, where raw beef, as *° Wibhi neyyi 7
is customarily eaten, and the incidence of 7. saginata is up to 12
per cent. in certain parts.  The anthors stress the alsence of 7.
soltwm infection, due to the fact fhat in many parts of the country
Mohammedanism is the predominant hnlh. thus implying that
(" vellulosae must he corvespondingly rarve in pigs.

Reference is also madlde to the survey by Penfold, Penfold and
Phillips (1936), who found that more than one-quarter of the Syrian-
horn inhabitants of the State of Vietoria, Australin, were 7. saginata
carriers.  (See Part V)

Palestine,

My, M. Swmith, M.R.C.V.S., Chief Veterinary Officer to the

(nl\f’llll‘ll(‘!ll of Palestine, writes (15.1.37): —

O The incidenee of Cystieerens eellulosae is very low in
Palestine, and very few swine are kept.  For instance,
during the last ten vears only 2,112 pigs were slanghtered
af the Municipal Abaitoirs of Jerusalem, and of {hese
fonr only were found {o be affected with Cysticerons
cellulosae,

2. With vegard tn Cysticercns bavis, this disease is eudeniie
in Ahis conntry.  Aceording to Jerusalem Abattoir figures,
10 per cent. to 22 per cent. of the cattle drawn from
Hebvon and  Nazaveth sub-idistricts were found to he
affected with 7. haris. The percentage in respect of cattle
drawn from other areas is lower.

The average annual percentage of (7. boris in the Jerusalem
slaughter-house vavies from 6 per cent. 10 8 per cent.”’
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Avabia, Irag, Lran, Hedjoz: and Oman.

No statistics are available for these tervitories, hut, specula-
tively, one may reasonably presume that on account of the prodomi-
nantly Mohammedan populations, €. eellulosae must he very rarve,
whereas, like in Syria and Palestine, and on account of the proximity
of these territories to Syria and Palestine, €', hores must he o very
frequent parasite.

Persia and Afghanistan.

No statistics are available for Persia and the more primitive
Alchanistan.

Siberia,

Hjorthond, neeording to von Ostertag, found that 12-5 per cent,
of Siherian pig-fillets were measly, when imported into Copenhagen.

Kowalesky (necording to Vosgion) found at the abattone at Tach-
kend (Turkestan, Russian Siberia) the following pereentages of pigs
mensly : —1907: 0-6G41; 1908 1-0153; 1909 0 1900 (0-540,

Iniia.

As regards the actual ineidence of €, eellulosae v pigs in Tudia,
Literature 15 extremely silent, and what little has appeared has fre-
quently heen somewhat contradictory. Thus, many British medical
observers have stated that only the lowest easte Indians will touch
or cousume pork, and on that score they have presumed thut the
incidence of €, cellulosae-T. soliwm must be relatively low in Todia,

Rao (1935) mentioned the presence of €. celluloxae in the Madras
Presidency and mentioned that he felt sure that the incidence was
considerably higher than had been anticipated, so also was the inei-
dence of 7. soliwm.  Then again, what is claimad 1o be the only
recent authentic records concerning the prevalence of cysticercosis in
swine amd bovines, were published from Madras und Coimbutore
where it was stated that 50 per cent, of swine were infected with
' vellwlosae,  (Tudiay Vet. Jovrn., Vol. 3, e D2, 19206227 The
same notes give the incidenes of €0 boris in Madras and Coimbatore
fo L 1o cont, Gadger, in s cheek Lt of parasites i the Pungab,
mentions the existence of hovine evsticereosia — Mre, Jo 1L Shivlaw,
MUOR.CV.S., of the Lmperial Iostitute of Veterinury Resoarch,
Muktesar, mentions, however, in a letter dated 23ed March, 1937,
(hat his dmpression, gouged on ten yvenrs” service in the Pangab, is
that the disease must be of infrequent oveurrence, sinee he found no
measles in any bovines in routine post-mortem exaninntions,

I ois astanishiog that the recorded incidence of €' boric <honld
ho so low in India at the present time, sinee during the Litter part
of the last century several English writers, and especially Fleming
(Nemmann, 1892) found in Punijab in 1869 that H-55 per cent. of
cattle slanghitered and inspected by hine were heavily infeeted, and
in 1868, 612 per cent,
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Malayn.

At the abattoir at Singapore during 1945, Mr. J. T. Forbes,
M.R.C.V.S., Municipal Veterinary Officer, found the following per-
centages of eysticercosis:—

Country of Origin. Percentage in Beel, Country of Dyigin. Perventnge in Pork
Bl v goscviinzaaa 3-03 Bl s s 0-67
QIS = i ih sacsses 1-14 ChIGcvavencins (IR
Hodgon .. ..oavsann (-84 Saigon .. eiean s (1B X}
Malayo.coocnenns 1-17 Malaya ...... il [IRTTIES

NUMBER 0F ANIMALS SLAVGHTERED 13 SisoArorE oorise 1083 axn Owxicis,
Cartle, Pigs.
HART Ta.08T
S.0006 2,486

L8R 37416
RYT 12,180

In a letter dated 19th November, 193G, Mr. Forbes, writes:—
' Singapore depends largely on outside sources for its supply of
slaughter animals.  We have o very large Chinese population in
Singapore, which aceounts for the large number of pigs slanghtered.
The Chinese usually roast their pork to a cinder and this may asecount
for the rarity of Cysticercosis-Tueniasis in that group.”

The aunalysis supplied by Mr. Forhes is interesting, since it shows
separiately the respective percentages measly animals found for the
various countries from which Singapore derives its meal supply

As regards incidence of infection of stock of purely Malayan
origin, it may be noted that Mr. Forbes records that 1-17 per cent.
of bovines were infected and only 0-0004 per cent. of pigs.

Frenech Indo-Clhina. (Cochin Clina and Awnan,)

In Part T1I of this work wention is made that Bergeon (1923)
frequently found €. cellulvsae among logs (138 cases in five years)
in Honoi, Tonkin. Bergeon wmentioned the frequency ot Tacnia
solivwm among the Tonkinese.  Althongh the actuanl incidence of
infection in pigs is not given, it can reasonably he preswmed that
(' cellilusae does, with frequency, ocenr in pigs in that teyvritory.

Bergeon also wmentioned that 7', saginata is alzo readily found in
Tonkin, hence, speculatively, we may attribute this frequeney fo
fairly high incidence of €. horis in that territory,

From a point of view of fervitorial incidence survey, we may
here repeat that Mr. J, T, Forbes, in 1935 tound that (-85 per ceut.
of 1,880 hovises and 033 per cent. of 37416 pigs exported from
Saigon, were found measly at Ningapore ahattoir.

Siam.

The present anthor was unuble to obtain authentic data of in-
fection from this conntry, but that €. horis oceurs relatively fre-
quently in Siamn, way be speculated from the rveport of My, J. T.
Forlies for Singupore.  In 1935, Siam exported 5,656 cattle to Singa-
pore, of which nwmber 1-14 per cent. were infected with C. boris.

64



N. ¥, VILWIES.

Netherlands East Indies.

At the instigation of the Duteh Colonial Governmment, le Coultre
(1928) made a detailed enguiry into the ineidence of eysticercosis in
hovines and pigs on the Islund of Bali in 1927, Le Coultre also had
comparative statisties for some of the other purts of the Netherlunds
East Indies. By careful inspection, le Coultre found that on Bali
2 per cent. to 3 per cent. of pigs were inlected, and 20 per cent. to
30 per cent. of hovines were measly. At Boeleleng the percentage
was as high as 32:23 (407 out of 1,260), At Makassar in 1927, [-29
per cent, of pigs were found measly, and atr Soerabaia 06 per cent.
At Denpasar in 1927, 22 per cent. of hovines were found to he weasly
(178 out of 809). At Mataram (Lowmbol) o 1926, 56 per ceut. of
bovines were measly. At Batavia in 1920, 326 per cont, ol oxen
were meisly.

According o the Tijdseloift voor Dievgeneoskuude GO, page
915, 1935, it would appear that there has been little or no decrease
in Ahe ineidenes of evsticercosis on Bali,  The statisties given in that
volume of the Téjdscheift are bovines 2359 per vent. infeoted aml
pigs 2:98 per cent. infected,

Note that at Singaporve in 1945 Me. .1 Forbes fouwnd that only
:.‘I'Illllpt-r cent, of Balinese bovines and 067 per cent. of pigs were
measly,

China, (Inetading Hang Kong awd Shanghar )

As in the ease of India, and indeed, of the Orient genorally,
statisties regarding the incidence of eysticercosis in pigs and eattle
in Ching are most vagne, and it has been alwost impossible 1o arrive
at o true estimate of the prevalence of this condition in that conntry,

In Shanghai awd Iong Kong meat inspection s carried oul
under the control of European vetevinarians, and in hoth those cities
it would appear that no cases of either parasife have heen fouud for
a number of vears,

Chinese medical litevature occasionally quotes sporadic oecur-
venees of €% bovis and oy €. cellulosae, but az fav as is known no
article has vet heen published, which portrays a true reflection of the
incidenee of exvsticercosis.

Dv. M. Pedersen, Municipal Veterinary Officer, Shanghai,
wreites (12,01.37):— Uniform inspection in Shanghai over o period
of many years has nol vevealed o oease of either of these infections
in hogs or hovines. Tt would appear thus that these purasites are
non=existent in the areas from which we obtain our supplies. Tt is
known, however, that . eellulosae is prevalent in North Clinn, but
with the excoption of Tsingtao, where it is stated that this infection
is present amongst hogs to the extent of about 15 per cent. we have
no statisties,”  Similar letfers were received frome Messes, 1L 1L
MeWhirter, MR.CV.SL aud T 0 Watson, M.R.C.V.S., hoth of
whom huave had vast experience in meat inspeetion in the Frenel
Coneession a1t Shanghai and at Tong Kong, respeetively,
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Gear wud Pedersen (189:34) mention that in the Shanghai muni-
cipal inspection no ease of (7. bovis was found, nor has 1t ever heen
reported from Hong Kong. Similarly, us tog'\nl-a (' cellulosae in
pigs, meat muwvtmn in Shanghai of over oue million pigs did not
reveal a single specimen of (. cellulosae; and in Hong Kong from
1910 ta 1933, where an examination of over 200,000 pigs has been
made annually, only two cases are reported, both in 1928,

hu‘mlL W (1936) mantioned that Shu (1935) made o survey ol
helminths in eattle in Soochow, but he did not find C. bores,  In
Hong Kong, Chen (1985). according to Wu, did not find €. cellulosae
awd €, horey nmong the animals he studied; and in Canton, Chen
(19456) reported  the absence of €. cellulosae among the hogs he
examined,  Wu failed to tind €. cellulosae or €. boris 1u the abat-
loirs ul Hangehow.

Foust (19249), wceording to Mills (1923), wrote: = Twenty-five
yeirs aro infestation with /i sttginata Wis common in \mlll China.
The infection was brought down from beyond the Great Wall, by
cattle which were slanghtered immediately and offered for sale on
the markets.  To-day such infection oecurs rarely in Peking and
vicinity. The cattle come from the same locality and are presumably
infected, bur for economic reasons they are fattened for a period
of from geveral months to o year in local \'u(l-. and, when slaughtered,
are relatively free from infection.”  Mills states that these remarks
by Faust ave somewhai misleading, and that Faust was mistaken.
Mills secnved varvious samples of heef froni a butcher in Peking.
Oue picee, weighing  three pounds, contaived four measles, anil
another weighing five pounds, contained ten measles. By casual
examination, the huteher, o German, found five infected animals in
less thun 300 examined, or ranghly 2 per cent,  Mills points out thai
all this meat was taken from the hind legs, theretore, acearding to
the theory of commoner seats of infection, a far higher uumber
would Lave been found if the predilection sites (head, tongue, ete.).
lad been caretully examined.

Mills (1924) vecorded {wo eases of (') eellulosae from pigs in
Peling.

Japawese Ewpire,

According to Prof. S, Yoshida, (", cellulosae in pigs has never
heen found in Japan praper, and €', Lo very rarvely in cattle.

Dr. 8. Yokogawa, of Formosa, however, sugzests a velalive pre
valence of €7 eollulosae in pigs in Manchokuo, in the fact that ont
of 18 cases of human cysticorcosis reported from Japan proper, no
less thun 16 contracted the infection in Manechukuo.

"ulm't]mg ta Eguchi and Nishivama (1930), it wonld appear
that (', cellulosae is a rare ]lﬂlnl-ﬂ.h—‘ i |||u~ evervwhere in Janan,
pxeept in the Prefecture Okinawa, where if is fairly prevalent. These
authors supply an interesting table showing the incidence of
(1. eellulosae in this Prefecture, from their observations at abattoirs,
and they fouwwd that in 1916 only 0-01 per cent. of pigs were in-
feeted.  Tn 1920, infection was 0-91 per cent. and in 1923, 103 per
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cent., which percentage remained more ov less uniform until 1926,
when there was a sudden rise to 2-71 per vent., awd thereafter a
steady decrease, illustrated thus: 1927: 2-14 per cent.: 1928: L83
per cent.: 1929: 0-94 per vent.

Prof. Yoshida supplies u recent transloted article by Nakunishi.
who found that in Korea 33 per cent. of adult cattle were measly.
Nakanishi (1926) found that 37-5 per cent, of Korean calves were
measly,

C. e Ixcipesee or CysTierrcosis 18 Swine axn Bovises
18 OCEANTAL

Awstralia,

Aecorthing to Drabble (1934, Cysticercus coellulosar has never
leen fowwl tn Australion pigs.

A il outhreenk of €0 hoeis was vecorded Trom the State of
Victoria a fow yours ago,  This outhreak ocenrred as the result ol
the grazing of slaughter cattle on the Werribee Sewage Farm, and
caused great consternation among the ment-conswming  public ol
Vigtoria,

Aceording to personal advice from Mr. Dralible, o few (not more
than half a dozen) sporadic cases of €. boriz have been found oo

meat fuspection in abalttoirs in New South Wales over o number of
years.

Newe Zealana.
Me. WO o Barey, MURLCOVLS, Director Live Stock Division,
Departuent of Agricultnre, New Zealand, writes (5,137~
 So far as (s known, no cases of cysticercosis in pigs ov
catlle have oveurred in this Dominion at any fime™

Plalli pine Fslands,

Sehwartz and Tubangui (19221 obtained statistics trom  the
Asearvaga abattorr, Manila, which showed that just over | per cent,
of pigs wore infected with €. collulosar.  This was the average over
fivie veurs.

(" bovis is rvavely found in the abattoiv at Pandacan, Manila
(Sehwartz, 1023), hnt native cattle nve nover shinghtered at abaitaoirs
and their weat ix thus never inspected,  The incidence of 7. saginata
is considerably ligher than that of 7. soliwne. (Schwartz and Tuban-
oni, 1922.)

D. Tue Ixcipexce oF CYSTICERCOSIS IN SWINE AxD Bovise-
IN THE AMERICAS,
Canada.

According (o Mr. George Hilton, Veterinary Director-(General,
Canndu, measles in pigs and eattle is a very rare disease in Cannda.
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CYSTICERCOSIS IN SWINE AND NOVINES,

The Report of the Veterinary Director-General for the yenr ended
Alst Marvch, 1935, gives the following statisfies:—
Cystivereus boris found at establishments under mspection :
H Cureasses, (Bovine.)
774 (Portions) of earcasses. (Presumahbly infection was con-
fined to heads, viscera, ete.)

Cysticercus cellulosae
42 Pig carcasses,
12 (Portions) of carveasses,  (Presumably infection was con-
fined 1o heads, viseera, ote.)

During the year under veport 1,350,370 bovines were slanghtered
in Canada, and 2,862,125 pigs were slaughtered, Presuming that
each of the measly ** portions ** came from sepurate measly animals,
818 measly bovines and 54 measly pigs were found durving that year,
vellecting o very low percentage,

1t is, however, interesting (o recall that during the years 1920-42
Dy, Unger found 16 out of 4,632 bovines of Canadian origin to he
mensly ut the abattoiv ot Basel in Switzerland, representing a per-
cenfage of 44,

{nrted States.

In submitting a tabulated stutement showing the wumbers of
each species of animal slaughtered, by years, from 1926 to 1935, in
which the number of curcasses of each species condemned on aceount
of vysticercosis is given, Dr. J. R. Mohler, Chiel of the Bureau of
Animal Induostry, United States Department of Agriculture, writes
(2.11.36) : —** Inasmuch as all infested carcasses are not condemued
on acconnt of slight cases of infestation being passed after preseribed
freezing or sterilization, this does not supply information wpon which
percentages at which the condition prevails way le determined."

Cattle, Swine.,
Yeur, I
Slamghtered, 1 Condemned. Stuaghiterml. II Condemmal.
il e 10,098,121 | 124 40,442,730 T
{1 S 10,149,580 1y 2,650,443 7l
(17F 7 Ry — b 09,040,028 | 121 AR, B47, 500 a7
1 8.284.324 123 47,108,873 il
L O 8,280,778 11 A6, 058,800 i
11 ) RN el K.215.203 1) 047,458 a8
|1 PR Rl T.074,502 ([} $5.862,422 21
2 O B 7,730,088 126 13,608,063 20
Id... . AR 9,642,052 144 45,773,100 i)
1. MRS e 12,800,445 257 H013,317 38

Since the ** Lightly ™" infested carcasses are not given in Dr.
Mohler's summary, we may, according to general observations pre-
sume that at least ten times the number of measly carcasses shown
were treated by freezing, ete. Multiplyving thus the number by ten,
2,570 weasly varcasses out of approximately 12,000,000 were found
in 1935, or roughly 1 in 5,000—still o very low incidence,
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According to Ransom (1911), the average percentage of €. bores
at that time waos 0-6.  Later (1913), Rausom stated that 1 per cent.
of all catile slanghiered in the United States were infected with
. bovis (Journ. of Agric. Researclh, Vel. |, p. 15).

According to Price (1925), C. cellulosae is frequently found in
Texas in pigs. Price points out that this is understandahla consider-
ing the laree Mexican and Negro populations.

Contral A merica,

According to Hall (1927), the incidence of €, cellulosar in swine
in Central Ameriea is astonishingly high, the parvasite occnrring in
from 5 to about 30 per cent. of swine, usually in gross infestations.
As o result of rigid sanitation caused by o eampaign against hook-
wornt in Panama, Dr.o Mattatall, aceording to Mall, reported that
ot the Panama City abattoir the incidence of O, cellulusae dropped
from 15 per cent. to 5 per cent,  Aeccording to Tull ** the ocenrrence
of T'. saginate in man in the Contral American countries shows the
concomitant presence of €', borix in cattle.  Dr. Mattatall, however,
finds the €', bowis to he a very rare parasite in Pananma City,"

Nauek (1931 wrote that €' cellulosae was o connnon disease in
Costu Riea,

West Tudies,

Aceording to Caweron (19300, €. bows is oveasionally foumld in
the West Ludies. €. cellulosae is sometimes seen, most frequently m
the Southern Islands.

Bruzil.
No definite data have been obiained from Brazil, buat Palais

(1933) reters to the occurrence of T, saginota, which wonld suggest a
corresponding frequency of . bowvig,

Argenting.

The incidence of €. barig and O, vellulosae is velatively low iu
the Argentine, as is shown by the subjoined toble forwarded by
Sefior A, Andrien, Chief of the Sanitury Police, Buenos Aires,

The figures show the mumber of cases and the numbers per 10,000,
as ohserved at the prineipal abattoivs and feigorificos duving the five
vears 1932-1936 : —

| Rovines, (€5 horia,) ‘ Pign, (L onlldoms,)

Yonr, —ee S p— o

(ovees, Niv, por 1000, ‘ 1 s, ‘ Now per 106,
W v v pmaamanicidmeas [ | 0-92 | u 023
50 . TR e A i 107 7 10
1 T N 122 ERIH 1S 377
B s S s [ e g e 295 8-50 342 374
(v R R 1671 348 | s B.71
TORAL cassernssuns 2912 4-58 | 1,023 ! 4-28
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CYSTICERCOSIS IN SWINE AND BOVINES.

Chile,

Sefior Rogelio Montero, Chief of the Meat and Animal Sanita-
tion Department, Santiago, supplies the following statistics showing
the neidence of (7. cellulosae in swine us observed at the Santiogo
abattor.

Condemnedt Tinal 1 Percentage
Year. il Inspected, | Measly,
|
3,242 T 42
4410 86,042 W8
3,880 98,651 3.0
340 02,802 38

Sefior Montero states that no statistics ave available of the inei-
dence of €', hovis in Chile, but this is quite an uncommon disease,

I, Tae Ixcinexce or CYSTICERCOSISE IN SWinE ann BoviNes
IN AFRica.

Tunis,

At the abattoir at Sousse, Coussi (1943) found the incidence of
(', bovis (average for five years) to be 2:25 per vent.

According to some of the older writers, e.g., Alix (I1887), it wus
formerly estimated thut 5 per cent. of bovines in Tunis were infected
with 7. bowes.

Senenal,
At Dakar. Teppaz (1923) estimated the incidence of €, hanie at
approximately 10 per cent.
Freneh Guenea.

Claverie (1928) found that approximately 50 per vent, of hovines
were infected with €. boris in French Guinea,

Sierra Leone.

Mr. J. Martin, Director of Agriculture, Sierra Leone, supplies
the following data in respect of the incidence of Cysticerens borvis
us observed at the abattoir at Freetown. Mr. Martin states (letter
duted st Februaey, 1937), that theve are no other centres in Sierra
Leone in which cattle are slanghtered to any extent: —

= Bull
Year, slaul::l}:tlzi::d' Measly. Pereentage,
|

2,818 2 L 0Ty
2,004 I I 010343
4,504 &l 01433
4,400 Is | 0403
4,274 L] 0 140
3,278 (] 0-305

l 2.327 57 11255
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It may here be mentioned that Maplestone (19247 found 3-32
per cent. of 300 immates of Freetown guol to be infected with 7.
saginata.

Abyssinaa.

Lt 15 not known to what extent infection with 7. saginata oecnrs
among Ahyssinians at the present time, or what the present incidence
of ('. boris is in that country, but alout forty yvears sgo, according
to several writers (Leuckart, Neumann, von Ostertag, ete,), practi-
cally 100 per cent. of the Abyssinian population considered “ a
Tavnia saginata one of their most treasured possessions.”” and vorres-
pondingly, it is presumed that a very big percentage of hovines mmust
have heen measly,

Kenya Colony.

Cysticercus cellulosae is a velatively uncommon parnsite in pigs
in Kenyu, It o does ocenr sporadically.  For instance, in Nairvali
abattoir in 1934, four pigs were condemned out of 1,959 pigs in-
spected, wherveas in 19395, €. cellwlosae was not detected ai Nairohi
abattoir, ** but one case of extremely heavy infestation was dingnosed
at the Veterinary Reseaveh Laloratorsy," (Daubney, 1936,

A steady iperease in the incidence of €', boris, as abserved 1 the
Nairobi abattoir, is reflected in the suljoined tahle,

The Medieal Officer of Health, Nairobi, recently intormed Stock
Owners” Comference thatl were the standard vaisel so that any animal
with a single viable Cystteercus wis condemnedd, the percentage of
condenined vattle would be increased by 47 in the ense of grale
cattle and by 7-4 in the case of native cattle. (Norre.—Cuttle are not
condemmed unless six viable wmeasles can he demonstrated in the
enrcass.) 1 all measly eattle were thus to be condenmed ot Nairahi
the incidence of € bordis would he in the vicinity of 23 per cent.

Table from the Seventh Annunl Report of the Medical Officer of
Health, Narroby,
OIXEN SravGureren Axn CoxpesMsen rorn MEASLES.

Grlde. Native. l Tatul.
Yonr. Per- 1er- | | Ver-
Uom- com tige . Coni- centnge Al Cony- IR TR
Killed, | dewmoed,|  con- Killed. demnud.)  eon- Killeh dewned,,  oun-
demned. ‘ demned, | disnedd.
|
| | j
loar | s#s| — | — ‘ sim| — | — |wez| a0l 4is
1928 4007 — — 6,827 | — — | 11,734 T4 f:3
1924 4,151 — — 7617 | ==l = L1708 05 82
1930 | 4314 | 277 6.5 | 7.248 83 | B-4 | 11457 ot R4
1 4. 30m4 48K W ‘ 8375 | 1,227 150 13,681 L6115 s
1432 3.004 421 10-5 1144 | 1.5ts 141 14,008 1,884 183
19033 24024 326 ‘ - 12,968 2,158 168 | 15802 2484 | 166
1934 .53 G0 | 132 | 10,264 | 1820 177 14,705 2420 163
(k=5 4.5 495 10:2 D07 1841 21 -1 14,8513 2980 172
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CYSTICERCOSIS IN SWINE AND BOVINES,

L yanda.

The Acting Director of Veterinary Services gives the following
statisties reference to the incidence of €. bhovis at the Kampala
abattoir for 1935: —

Cattle Slaughtered ... . e wer e 4,386
Condemnations—

S Ay doar Su. Gadi b - (i85
WORROBE 555 6 S AL Ves 248
RVIRTIRER £\ vosi. wvss i bnes b 140
Complete Carcasses ... ... ... ... ... a8

It s difficult to understand these figures, hut on the presumption
that wmeasles were found in G835 ox hearts (ignoring the tongues,
quarters anmd earcasses), then G835 out of 4,336 bovines were measly,
or 138 per cent.  Tncluding the possible number of bovines in which
measles may only have heen found in the tongue, or in a quarter, or
in a cavcass, and ot in the heart. it can be concluded that from
15 per cent. to 25 per cent. of the Uganda cattle are intected with
O boris. The Director states that the percentage of infected car-
visses amongst Western Province cattle is higher than amongs!
Eastern  Provinee stoek, both arveas might he termed “ Native
Reserves ™ as there are no Euvopean owned stock farms in either
aread.

Tanganyika,

Iu 1916 von Ostertag referved to ihe wide distribution of (°, bors
in both British and German East Afrviea, before the war. e also
mentioned the frequency of 7. saginata infection in those terni-
tories among natives, owing to their habits of eating imperfectly
vooked weat.  Von Ostertug quoted Veterinary Officer Manleitner,
who found a very high percentage infection in cattle in Aruscha;
Veterinary Officer Meyer, who found 2 hovines out of 14 measly in
Shivati; whereas in Muansa Veterinary Officer Giirtner found no
measles in 24 hovines examined. In Bukoba, von Ostertag estimated
that 90 per cent. of hovines were infected. In gn-nvrui{ infection
ranged from 1 to 10 per cent. or higher

At that time (about 1916G) no definite survey had heen made of
the incidence of €, cellulosae in pigs, hut von Ostertag mentioned
that miost uf the pigs consumed befure the war were imported from
the Union of South Africa, where the percentage infection in pigs
was said to be very high, according to von Ostertag.

Mammer (1922) states that during his period of service in Germay
East Africa he found approximately 15 per eent. of bovines measly
in the Uhehe Highlands. Tlammer’s pre-war findings coineider
very nearly with present day statisties from Tanganyika,

Captain H. J. Lowe, M.R.C.V.S., Veterinary Research Officer,
Mpwapwa, supplies the following tahles showing the monthly per-
cenfages measles found at various abattoirs from January to August,
1936.  Onily when more than 2 per cenf. of cases were found, were
these ineluded in the returns. Aeccording to Capt. Lowe, practieally
all the beef consumed in the Territory is derived from native-owned
animals, that is from Native Reserves,
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During the period under report ouly one pig was condemned
(during May, at Iringua), and a total of 392 pigs were slanghtered
at all abattoirs.

Tanganyika Tervitory.
Bovine Carcasses were Stevilized for €. bovis,

of

1936 ¢ Percentages,
Abattoirs. -
Jan: | Fely | Mar. | Apeik | Muys | June. | July. ‘ A
| -

"l'uklwu.... verpansas | 1L — fi-1i — - — 2-8 ‘ 4l
!rmgn wovseas | Sl 151 155 126 | 216 81 11:7 | 14-3
Mosht oo 00 A e -4 T4 g4 -6 f-1 135 (4. | T+
Dar-es-Salaam. ....... 91 12-4 132 130 -8 KoK 03 -2
Morogoro. .o cooinaa. 89 83 ti-l 83 — 3-8 3-4 34
Komdoa: i ccoimaimiss ey —_ - e Lt 6.2 —
Arusoha s iiie s -5 —_ B2 teti B8 —_ 2-5 36
Singida..oeeniieiinn 45 -2 g | 11 fi-h - — 3o
Dodoma. oo, 34 16 47 GRN | fiel 46 (R 9.1
FOrOgWet s ooy imnevnyes 2:5 — — 32 — o — —
MPWAPWE . v svionners | — | 1848 | 143 | 184 | Q0e1 | 188 | B2 | 3.0
MUSOA e v vnewns - 4-3 435 -5 34 LR - 8-1
MERBED v 4 poomsrwipwn e — — a4 A3 ded ] iy 13-3
D] 11, U o - — — T4 — 40 —= [} ¥
DO s e s wcian - — — - 2.3 - | G4

Judging from these monthly refurns. it would appear that
Iriuga, Moshi, Dar-es-Salaam and Mpwapwa draw their slanghter
cattle from the centres of heaviest infection.

Belgran Congo.

Prof. Rubray, Rector of the Royal College of Veterinary
Medicine ot Cureghem-lez-Bruxelles, Belginm, kindly supplied the
following statistics, relative to the incidence of €. horus, as observed
at the abattoir at Stanlevville, from January fo Oc tober, 1956 : —

Bovines Infestidd with Perocntage
Shughtered. Cysticercosis. Infestedd.
' l

BT ‘ (if i 5T
Pabruney .. ccovirviraveismronin, 72 I -4
., F8 7 R o G Y 78 + Sl
E O A WL T T el
MBY s snada yarympmcsn =iyt o i 1 147
% [ 1T, R Wk e Feies 70 i LR
B e TR R 6 10 159
P PR P LEY E At
Soptember. ... .. S i ie i HEAY s 5 T
L] T e e 72 4 el

Torat ror Texs MosTHs. ... Tio 62 8.7
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LYSTICERUOSIS IN SWINE AND HBOVINES,

Angola.

Statistics of the actual incidence of infection with either purasite
in pigs and cattle, respectively, are not available for Angola, hut it
s interesting to record that at Lishon in 1933, 1934 and 1935 ouly
153 bovines were found measly, aml of this number 151 were 1m-
ported from Angola. The total number of bovines exported from
Angola and slaughtered at Lishon during those vears wus not given.

Madagascar,

Detailed statisties from this French African Island Colony have
from time to time been published, and from these data it hos leeo
pussible tu compare relatively early and recent percentages of (.
collulosae and €. borvis,

Geotfroy (1906) stated that the percentage of measly pigs found
it Tananarive in 1905 was 7:01,

Paisson (1926), and also at the Pan-African Agricultwal and
Veterinary Conference at Pretoria in 1929, stated that in Madagasenr
the pig is especially veared by the people of the centre of the island
havas and betsileos). At about that time the incidence of €. collu-
lusae in pigs, us ohserved at various abattoirs and meat canning
fuetories wus: —

At Diego-Suarez ... ... .. ... ... 45 per cent.
At TAWELINE 1o ove dodlaovtiosn s 10 per cent.
At Tananarive .. .. .. ... ... 12-15 per cent.
At Auntsivabe ... ... ... .. . 12220 per cent,

In the distriets of the hramble fields in the high plateaus, i1 was
said to have been even higher,

Buck. Lamberton and Randriambeloma (1935) found that 13 per

cent. of 4,900 pigs examived at the abattoir ot Tananuvive, (hat vear,
were measly.

A geographical map wiving a survey of the incidence of porcine
C'. cellulosae on the Island in 1928, was kindly donated v Dr. H.
Poisson,  HRetired Veterimury-Divector-General, now  domiciled  in
Tananavive.  This map gives the following percentages: —Diego-
Suarez, 2040 Tamatave, 1041 ; Tananarive, 9:-70: Autisirabe, 12;
Ambositea, 12: Ambohimohason, 12: Finnarvantsoa, 13: Tulear, 2;
Majungn, G-7.

An extract of the Archives of the Veterinary Serviee (kindly
supplied by Dr. Poisson) gives the tollowing percentages of . vellu-
lusae us observed in Madagasear in 1936 —

(1Y Ceatral Regian : —

Tunanarive: 947 at Munieipal abattoirs,
710 at Androrosy and Ambohimanaring.
11-84 at factory at Soanierana.

Antsirabe : 12-25 at municipal abattoir and factories.
Fianirantsoa: 21-20),
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2) Eastern Region :—
Tamatave: 7-35, (Mean average.)
Factory of Society Rochefortaise; 8:82.  (Cowme from
Centre and taken to Tamatave.)
City Abattoir: 589, (Come from Centre and taken to
Tamatave.)
(3) Narth-west Regron :—
Majunga: 6G:-92.
(4) Northern Region i —
Diego-Suarez (abattoir and factory): 3-03.

According to Poisson (1928), between 1912 and 1927 ouly ovca-
sional sporadie cases of (. boris were observed at the varions abattoirs
in Madaguscar. Dureiux (1934), stated that €. borzes had heen found
at abattoirs on the Island since 1917, but the maximmn percentage
18 3 per cent, In 1936, according to an extract from the Archives
of the Veterinary Service, 0:19 per cent. of bovines slanghtered at
the abattoir at Tananarive were measly.

Partnguese fast A freea,

According to Dy, Jose Botelbo, Abattoir Inspector and Munteipal
Veterinary Officer, Lonrenco Margues, the average percentages during
the last three years huve heen s —

Crysticerens collulosae in pigs .. ... 36
Cysticercus boris in eattle .. . .. 3415

Narthern Bhiodesia,

The Medical Officer of Health, Ndola, Kindly furnished  the
following statistics showing the number of cases nod percentuges of
€, vellulpgae and €. bovis observed af the Ndola abattoir during the
years 1932 to 1945 : —

| ', cellulome (7, bopis
¥ e g X . - Toy.
Yeas, ﬁlm;l }‘1:'11-1‘1 Pigs l.‘!‘lll’:: g »hf:lt:l:rc'tl Cattle t‘l'!Ll::-HI‘
BILOIREL | ndected. Ll ! "1 omensly, .
E17 ) Ry 122 7 -7 1164 63 407
VB8 ity N 250 a1 R4 1,217 44 40
108¢, . covanme | B35 17 3-1 1.652 1= | 11}
U85 i e s | 193 2 146 L.o61 22 i 11
TorAL. ... 1200 | 68 50 3,004 s | =27
(Bpprox.) |

The Medical Officer of Health atteibutes the reduction in the
percentage of infested animals to the faet that bntehers now purehase
slaughter stock from rauches having a ** clean " vecord, and as far
as possible avoid the purchase of animals from ranches which are
known to be foci of infestation,
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CYSTICERCOSIS IN SWINE AND BOVINES,

Southern Rhodesia.

It hus been very difficult to obtain reliable statistics of the inci-
dence of cysticercosis from Sonthern Rhodesia, sinee few of the town-
ships, with the exception of Salishury and Bulawayo have properly
controlled abattoirs in which authentic statistics are kept.

The Abattoir Superintendent, Salisbury, informs me that the
average annual percentage measles in pigs 15 about 4 per cent,, and
in bovines about 2 per cent.

The Superintendent of the Municipal Abattoirs, Bulawayo. has
forwarded the following data, relative to observations at Bulawayo
for the last ive years ended 300h June, 1936: —

Swine:
(1) Number of measly varcasses: 1,494,
(2) Percentuge these figures represent: i-7.

(4 1 is estimated that 1,148 (or 80 per cent,) of these
mensly pigs arve of nutive origin.

Bovines:
(1) Number of measly cavensses: 230,
(2) Pereentage these figures represent: 0-38,

(3) 1t is estimated that 180 (30 per ceut.) of these measly
bovines are of native origin.

Judging from the available statistics from Southern Rhodesia, i1
would appear that €. bovis is not o common parasite in that country.
This may he attributed 1o the fact that probably o large percentage
of slaughter stock, even of native origin, may he raised under sanii-
ranging conditions, under which they do not come in contact with
humans.

Nouwth West .?’lfm}'rl'.

Windhoek is the only centre in South West Afriea from which
any statisties could he obtuined.  According to these statistios, in
1931, 1,100 pigs were slaughtered at the abattoir, of which number
anly one was fonnd infected with €', cellulosae, Siuce then no cases
have been fonud, (Nore.—Von Ostertag in 1916 alleged that hefore
the war it was frequently fonnd thal 50 per cent. of the pigs exported
from the Cape to German South West Afviea were measly.  This
high percentage almost trebles those from the cenfres showing the
extreme masimmm inetdence ut the present time, Tt will be noticed
fhat bhut a few Transvaal and Orange Free State centres give a return
of over 10 per cent. infection in pigs, &0 that von Ostertape’s eshimale
appears almost fantastic.)

With reference to the ocourrence of €. hoers, the fallowing duta
nre given:—
In 1933, of 3,816 hovines slaughtered, 10 wore infocfed.
In 1934, of 3,821 bovines slanghtered, 12 were infected.
In 1935, of 3.874 bovines slaughtered, 8 were infected.
Tu 1936, of 2,687 hovines slaughtered in 9 wonths 8 were 10-
fected.,
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The remarkably low incidence of €. boris in South West Afriea
muy be explained on similar lines to that of Southern Rhodesin,  Tu
the next survey (that of Bechuanaland Protectorate), it will be
observed that Mr. Hay found wo cases of €, borms among cattle from
Ngamiland and Ghanzi, areas comprising vast open ranges, renole
from human habitations, and horderivg oo South West Afriea,

It will be recalled that Dr. Unger found 3 out of 321 cattle
imiported from South West Africa measly at Basel (Switzerlaud) in
1924 and 1924 (0-94 per cent.).

Bechuanaland Protectorate,

The only abatteir in this Tereitory is situated ot Lobatsi, from
which centre export beel is forwarded. Mr. W. Hay, Government
Veterinary Officer in charge of meat inspection at this abuttoir stutes
that no pigs are slanghtered there, and that 1:05 per cent. are found
to be measly.  No measly cattle bhave been found among those
originating trom Ngamiland and Ghanzi.  Comumenting upon Mr,
Hay's veport, the Chief Veterinary Officer of the Bechunnaland Pro-
tectornte, writes (24.11.36) : —* Our experience at Lobatsi  shows
that measles is not evenly distributed but occurs in hatches of cattle,
which fact has led to the reasoning that ouly eattle in wreas thickly
populated by natives contraet measles,”’

Busutoland.
The Prineipal Veterinary Officer, Basutoland, writes (letter
dated 30.10.86): —* 1t is impossible to estimate even the approxi-
mate nunther of cases wet with on post-mortem exmmination through-
out the Territory. The Territory is ocrnpied by uatives only and
pigs are ruised exclusively for domestic purposes,  Pigs ure either
kept in sties or nllowed to range. The latter virtually hecome village
seavengers and about 10 per cent. of these are infected, whereas 2
per cent. of the former are infected, T connection with cattle, 1 am
afraid 1T am unable to furnish any dati because we have no meat
oxport frade.””

Union of South Africa.

Tl statisties given in the following tables, showing fhe per-
ventages of (7. cellulosae and €7, boris af the various abattoirs in the
Union, wore obtained as the result of a personal guestionnaire to the
respective Abattoir Directors or Superintendents, Medical Officers
of Health, Health Inspectors, or Town Clerks of the centres, all of
whom kindly supplied the data given. There ave, unfortunately,
some centres from which most evasive replies were ohfnined, and a
few, including fairly large towns, from which no replies whatsoever
were obtained,  Consequently. since it was my poliey to inelude only
first-hand authentic information in this survey, reference to the sih-
Joined tables and the ** incidence maps ** will ghow the exclusion of
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some very important centres bordering on, or close to, Native Terri-
tories, If suitable statistics had been kept at these excluded centres,
it is possible that some very interesting information wuy have been
presented.

(.’Hﬂl‘ PN‘J l"f..l‘! of.

Average AVCRRgo | pory Pereeningye
P agv | Average
Aliattoirs. ‘;'_‘ﬁub‘:;:::_ '}mb‘:::'d Lk rr!h-m. € buvis. Yoars,
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Orange Free State.

Average Average )
Abattoir. number of | mumber of | Feronitage | Porentawo | Asveugy
£ enlubanin, | B, ‘Botin. L eslliglosas, . barie, Years.
= i
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TGO s n wie s I i 1e8s 008 4
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Discussion.

In o note which was compiled by Dr. IL IL Curson towards
the end of 1936, for a Native Affairs Departmental Bulletin, and
accompanying  which two tables and graphs were supplicd, the
position in the Union is very clearly defined. The statisties given
in the tables of Dr. Curson’s note, are subjoined hereto, and are iu
vespect of the nine priveipal abuttoirs in the Union, plus that of
Kingwillimmstown, which town borders on the Transkeian Territories.
Reference to the graphs shows a steady increase in the numbers
und percentages of wmeasly Lovines and pigs, from observations at
the respeetive alatloirs,  Undoubtedly the steady inevease in the
incidence may he due to general better inspection technigue, hul
also, it may be possibile that a larger percentage of shoghter stoek
18 derived fram native areas,

The aceompanying = Iucidence Maps ™ ooy not be guite imdica-
tive of the actual incidence of inlection in the varions areas.  For
instance, no details were olibainalble fram abaltoirs o, or close to
definite notive nreas, such as Fshowe, Rokstad, Toiata, Coeahames-
town, Kuruman, Zeevust, Waterberg, Lvdenborg, or Zouipansherg.
Yet, the abattoirs o1 Durban Fasi London, Pert Elizabeth and
Johaunneshurg obtain a fairly large percentuge of their slaughter
pigs and eattle from those arens.  For smaller centres, the figures
und percentages may be aceepted as almost truly indicative, since
stock slanghtered at the smaller abattoirs ave generally venred n the
same distriets. Al the Bloemfontein abatioir we were able to tracee
definite * black ™ aveas of origin during the past three yenrs. Thus.
in consignments frorm Thennissen in the Orange Free State, und
also from Thaba “Nehu amd Tweespruit, we frequently foumd o
fairly large percentage ol infected cases.

Mre. W. A, Dykins, M. R.C.V.S,, the anthor's collengue in
Durban reports (letter dated 21st September, 1956) ** the incidence
of weasles in cattle in the years under review has inereased, and
vegarding pigs the converse seems to he the ease. | do not think
any special significance should be attached to the lutter, as farmers
and others who have doubts abont their pigs do uol consign them to
abattoirs where efficient meat inspection is in vogue, =0, in my
opinion, the low incidence gives rise to a wrong impression .
Mr. Dykios adds that the cattle with the highest infection couwe
fram native areas such as Swaziland, Gollel, Candaver, Mlkuzi,
Richmond and Ixopo, and atiributes this, natureally, to * ahsence
of praper sanitary measures ',

I another letter, dated 20.6.86, Mr. Dykios stated: 1
definitely find that the highest percentages of measles are to he
found mmongst eattle ex native areas, such s Swaziland and the
portions of Zululand contignous thereio, A high percentage is
frequently wet in animals from the Midlands of Natal, and actually

from the so-called well managed farms ',

The Town Clerk, Neweastle, writes (17,11.36): ** The greatest
numher of cases at this abattoir have been in pigs and catile
purchased in or mear the Utrecht (Naial) District.  As vegards
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percentage infection at East Loudon, Dr. P. W. Laidler, Medical
Officer of Health, writes (11.1.87): “* A large proportion of the stock
wus from native areas ™.

Mr. H. J. Lubbe, Abattoly Superintendent, Graal-Reinet, writes
(19.11,86) 0 ** We have had no records of measles in bovines at this
abattoir,  As vegavds the origin of meassles in swine, farmers in this
District allow their swine (o ran wild awougsi the prickly pears,
which we have here in abundance.  Sanitary conveniences are pro-
vided ou most farms for the Eoropeans only, {he natives heing
allowed 1o use the veld ™.

Mre. 1L, A, Watersou, Healih lospector, Mufeking, writes
(30.12.36) + * The pereettage infection in pigs wias very high am
1035 and 1934, as wost pigs slavghtered ot that time were hrought
from Naotive Reserves "', (The percentages given for 1953 and 1054
were 7oand 8, respectively.)

Me, 4 J, Grobler, Health  Inspecior,  Malmeshnry,  writes
(27.10.36) ¢ Tt will be observed hat the incidence of mensles in
hovines is comparatively low. This is due to the fact that, as »
country ftown, local hutchers must of vecessity slaughter from a
reserve, that s, selected stoek and not divect from ratl or the open
market as in large centres.  In purchasing stock, butehers steer
elear of colowrd aveas und natives tervitories, for instaoee Queens-
town and vieinity. Loeal supplies of bovines are very lited and
are obtained from as far afield as Okanja and Gobahis in South-
West Afrvica, from the Eastern Provinee and from Namagualand;
consequently the recorded ineidence of Cohoree at this abattoir cannol
be taken as a eviterion for the Malmeshury area, where it is of very
rare and doubtful occurence, while pigs are hought and raised purely
locally, and C.ecllulosee is fairly rife'.

Mr, J. L. Marais, Healih Ofticer, Middelburg, Cape, wrtes
(12.12.36) : ** Most eases ol weasles found here, during the past five
vears have been in oxen from the Transkei, No cases of measles
have ever heen found here in cattle bred in the Middellnrg Distriet’".

Mre, DL Benham, Health Duspector, Riversdale, writes (9.11.36) :
“All the oxen infected came from Lhe same parl of the distrief,
awd sinee the butchers bave stopped buying from that arvea, 1 have
not found any measly carveasses ™,

Mre. L. Becker, Abatioir Superintendent, Swellendam, wirites
(24 00.286) 0 Pigs coming from preas exclusively or predominantly
inhubited by eoloured people, or from farms along the main arterial
voads, are ohviously treated with suspicion, even by the hutehers of
towns of the size of Swellendam ™.

) Mre. G, 1. Louw, Health Tuspector, Upington, writes (31.10.36) :
* In the last ten months, one case of €. hovis was definitely of native
origin, four others came from South-West Afriea ™',

Mr, C, M. de Jager, Abattoir Superitendent, Volksrusl, writes
(26.10.36) : ** The majority of bovine cases of measles arve animals
purchased from natives, sepecially from the Lowveld *'.
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My, E. J. Secallun, Health Tunspector, Rustenlurg, writes
(27.10.486) . We have farmers in the district who speculate in
cattle and pigs and purchase these animals from natives and sell
them on the sales or to the hutchiers as their own ™.

Mr. 1Y, R, Carter, Abattoir Superintendent, Potehefstroom,
writes (S0.11.36): ™ About 15 per cent. of cattle sloughtered here
are of pative ovigin, and about T3 per ecend. of cattle bought from
niabive areas are condemued.  Most of the pigs slanghtered at this
abatioir are drawn from native arveas . Mr. Corter stated  thut
when he fivst areived ot Potehefstroom 10 years ago, the highest
condemnation of meat was 5,000 1h, weight.  During the first 8
wonths of his seevice he condemued 40,000 [L. weight, and nowaduys
the condemnution weights are less thau half that amwount.  Mr
Carter states that ** the hutehers are now very carelul swhere they
Ly their stock™.

The Abattoir Superintendent. Nigel, states (28.10.36) that the
wiajority of pigs slanghfered at that abatioir arve obtaived  from
Farmers in the localifty, 1t has been his experience, however, thal
the wajority of pigs of known native orvigin have been iufeeted
with easles,

My, D, Arnold, Abattoie Superviuntendeut, Krugersdorp, writes
(10.11.36) : ** Oxen slaughtered here are bought all over the country,
but the principal sources of supply are the dohunneshurg Mavket,
purts of the OIS, and Rustenbury,  From Rustenliurg we get
abiat S0 per cent, oxen per month and to my wind about 60 per
cent. wonld e of native ovigin ™'

The Town Clerk, DBarberton, writes (27.10.860: * In sueh
centres us Sabie, Noovdkaup, Shebn, Kureka, Louwscreek, Tlector-
spruit,  Rowatipoort, RKaapsche Hoop, Nelshoogte, animals  are
slanghtered in abattoivs where no post-morten examinalions are
made. 1t has been conclusively proved io the Biarberfon Municipal
Alpitoir, that the ineidence of weasles (eystivercd) 1 ocattle s an
the inerense.  During the past six months, of all those slanghtered,
the percenfage iofested was as high as 591 ",

Me, P, G. Joubert, Health wud Meat Inspector, Fauresmith,
makes the following observation in regard to the origin of infecfed
bovines al yurious alattoirs wheve he formwerly served in the Cape,
(letter dated 29.10.36G): * Muoch depended on the vicinity trom
which stock were obtained.  For instauee, it was noticed thal hovines
From the Eastern Provinee were the mnst frequently infested, with
the Treansvapl o good second and the Free State thind,  Measles
disease was prachically never found in stock bronght from South-
Weat Adviea, Measles wus conmmon in pigs renred ot the Cape ™,

In his Aunuoal Report For the year eoded 300635, Col. T, Tevine-
Smith, Director of Abattoir Department, Johanneshorg, makes {he
following observation. (Page 3): ** Measles infestalion (hladder-
wornm) of export cattle from Natal vanges from 27 per ceut, fo
i per cent., with an average of 1-05 per cent.
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Giving Total Number of Carcases Detained for Measles at Principal Abattoirs.

TanLe I.

From Dr. Curson’s Paper—‘‘ Measles in Cattle and Pigs .

N. T. VILJOEN.

1925. 1926. 1927. 1928. 1929. 1930. 1931. 1932. 1933. 1934. ]935.’ 1936.
Town. i Total Measly. Total measly. Total measly. Total measly. Total measly. Total measly. Total measly. Total measly. Total measly. Total measly. Total measly. Total measly.
Ox. Pig. Ox. Pig. Ox. Pig. Ox. \ Pig. Ox. } Pig. Ox. Pig. Ox. ‘ Pig. Ox. ' Pig. Ox. | Pig. Ox. Pig. Ox. Pig. Ox. Pig.
. N : )
Port Elizabeth...i....c.ccvvuinnn 260 235 397 225 201 320 356 310 440 252 577 144 551 109 492 124 905 134 670 292 647 193 -— —
Fast London.................... 72 419 44 484 55 571 231 450 193 530 215 463 108 274 127 276 184 324 391 521 440 474 — —
Kingwilliamstowr................ — — — -— — — —j —_ — — 37 18 32 21 64 45 154 75 168 189 98 147 — —_
Capetown............oovvniion, — = —_— — — — — - — — — — 425 386 474 301 422 209 604 315 534 251 — —
Kimberley.........coovvveiiinn. —— — 69 45 130 61 85 55 40 62 81 62 72 68 57 84 47 46 125 7 170 30 — —
PLOBOTIR o « »yatioys 66 6 fodins o ofs waludhe 168 490 201 480 219 475 321 444 298 569 315 682 301 624 318 634 301 817 378 667 443 664 - —
Johannesburg....... e m as 1,084 3,350 994 36,98 1,158 3,300 892 3,225 922 3,569 806 3,054 734 2,232 518 2,223 644 2,571 732 3,618 690 3,788 =g —
Bloemfontein.................... 116 132 — — — — — — — — — — — — - — — — — - 504 93 382 56
Durban.......covviiiinnenn, — —_ 382 978 620 744 661 790 613 898 811 1,224 ke —_ 870 1,113 1,118 893 1,217 1,457 1,635 1,052 1,450 831
Pietermaritzburg................. — — — — — - 192 91 268 79 313 88 371 61 343 37 329 48 530 52 557 48 625 31
5 383-384
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TasLE 1I.
1925. 1926. 1927. 1928. 1929. 1930. 1931. 1932. 1933. 1934. 1935. 1936.
Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage Percentage
Town. condemned. condemned. condemned. condemned. condemned. condemned. condemned. condemned. condemned. condemned. condemned. condemned.

Ox. Pig. Ox. Pig. Ox. Pig. Ox. Pig. Ox: Pig. Ox. Pig. Ox. Pig. Ox. Pig. Ox. Pig. Ox. Pig. Ox. Pig. Ox. Pig.
Port Elizabeth.................. 2:6 4-6 3-9 3:6 1-9 3-2 3-1 3-2 3-6 2:5 5-4 1-4 5-8 1-2 6-1 1-4 10-8 1-5 7.2 2-8 6-5 1.7 — —
Fast London.................... 0-9 11-7 0-5 11-3 0-6 11-6 3-3 10-5 2-3 12-2 2-8 12-1 1-7 el 2-3 6-2 3-3 7-2 5-4 9-1 5-9 8-4 — —
Kingwilliamstown ................ — —- - — —- - — — — — 1-3 2:6 1-9 1-1 4-6 3-6 9-2 4-4 8-7 9-8 5:7 6-7 — -
CapetOWIl .o vueevoniotonss s Sion —_ — — —_ — — — — — — — — 1-1 4-3 1-2 5-2 0-95 3-8 1-3 4-4 1-1 3:6 — —
Kimberley.b.. ................... — — 1-1 2:6 1-9 2-4 1-1 1-8 0-47 1-4 0-9 1-3 0-9 11 0-8 1-1 0-7 0-8 1-8 2-4 25 1-3 — -
Pretotias i, o Ve v e — 9-25 1-3 7-34 1-3 7-32 1-6 6-29 1-8 9-09 2-0 8-97 2-0 7-07 2-4 6-97 1-9 7-53 2-3 8-51 2-4 7-95 2-7 —
Johannesburg..... .. ...... 1-05 6-02 0-95 6-49 1-03 4-58 0-81 4-5 0-78 4-88 0-72 4-36 0-67 3-06 0-48 2-89 0-61 3-22 0-62 4-41 0-57 4-20 — —
Bloemfontein..........  ...... 1-14 7-47 — — — — — — — — — — = = — — — — — — 5:5 3.7 4-6 1-8
Durbamn,.s . ¥d%esise  ° amesiss — - 1-3 8-4 1-8 4-7 1-8 4-5 1-5 4-6 2-1 5-9 — — 2-4 4:9 3-5 4-1 3-6 6-4 4-7 5-1 4-1 3:0
Pietermaritzburg..... ......... - — - -- — — 2-3 2-4 2-9 2:5 3-3 2-8 4-2 2+1 4-1 1-1 3-9 15 5-6 1-7 6-04 2-8 7-0 1-7
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Nunimary.

Reference to the accompanying ** Incidence Maps = will elearly
show the arveas in which the largesi percentages of iufection are
found. These are marked in black, in respect of Pig Measles. The
largest Union eentres, e, Johanueshurg, Capetown, Durban,
Pretovia, Bloemfoviein Port Elizabeth, East le!llltlll. Pietermaritz-
burg, Kimberley and all the Witwatersrand  towns obtain their
slaughter stock from various parts of the Union, so that it is difficult
fo fathom the incidence of infection and its origin, . A more correct
reflection is prohahly shown by the recordings of the smaller abatinirs,
where much of the stock slanghteved is venved locally.

Heavy bifection in pigs is retlected g such centres us Fickshurg,
Cloeolian, Senckal, Wepener aud Bethlelien, which are sitmted close
to the Basutolund border, and in the Transvaal a very interesting
“hlack zone " way be traced from the Novth-West Cape (Mafeking
and  Vrevburg), through Lichtenlurg, Potehefstroom,  Rustenburg,
Pretorin, Withank to Middelliurg. 11 is eorveet (o stale that o large
pereentage of pigs slanghtored o this = hlack zone ™ orviginates from
native areas.  The Vevburg aod Mafeking Distriets have nuwerons
Niative Reserves: Lichtenhorg District ﬁm a luree Resesrve neav
Delurvey, many native-owned or lensed furms, oud Che disteiet adjoins
the wvast Moiloa Native Weserve of Marvico;  Potehefstroom  has
nunierous native farms:  Rustenbnre Disteict, [thewise, hoas many
Native Reserves: Pretoria and Withank Distriets have many nafive
areas, and Sekoekoeniland torms o considerable portion of Middel-
bhurg Distriet, 1t is with regret that no figures are available for the
Transkeian Territories, hut relatively high percentages were ohtained
from Kingwillinmstown, close by,

The iueidence of €. bors s highest 1o Nutal, the exireme
Gustern Transvaal and also io the Eastern Cape, vamely st the
abattoirs at Kingwillinmstown, Fast Lowdon, Port Elizabeth and
Fort Beaufort, and it can safely be presnnied that o large percentage
of the bovines slanghiered ot those abattoirs are of pative origin.

Thee following tables show a sumouary of the average percentages,
in reverse order of frequency, of the incidence of €. cellulosae and
(. Loers at South Afrvicnn abattoirs,  The averages given are over
periods ranging between 1 oand 10 yeors,

Avevage Peveontages of C. collulosne af winn aballoirs

Abwal Northe o eee cpemvrsm e ams 05 ) DT SRR A PO ., . |
Boawdort Wesl.c. o o sivvimese D67 Bl aw v pnnzine PP ]
HeiTOn vesvssrsssisisemesvas [ Midldel g (€). . Pl oL
Cermixstan . os seaciivimmiss 104 NORAL 5o s o madn somncanio AL
Mossal Bay..oiwevnvrsnriiaee 187 Saellondam oo coan e 40
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PART T

In his ** Text-hook of Meat Inspection " von Ostertug divides
the animal parasites found in meat inspection into (i) those not
transmissible to man through the conswption of weat, wnd, (i)
those parasites fransmissible to man through the rmnlmlptum of
meat,  In the latter category be mentions but fhree parasites:

ta) Cysticercus tnermes (bovis) in cattle,
(b)) Cysticercus ecellulosae in swine,
() Trechinella Ctrichina) spivalis in swine,

An endeavour will be made i Part 'V oof this article to show
the fmport of the two frst-nnmed parasites on hygiene, with special
veference (o South Afrviean conditions,

The Trclonelle sprralis will receive no further consideration
in s work, sinee it is neither w eysticercus, nor has s occurrence
in South Alriea heen recorded,

On the other hand, there is a oumber of eysticerer found in
the viscera and tissues of slanghter animals, including pigs and
bovines, which, although meat may be condemned owing to Lheir
presence, will not give rise to an adult tapewarm in man,  Sowe
of these cysticerer, however, are of nnpnnnm ¢ when .ml\mg at a
differential diagnosis, and will be mentioned in that section,

A. Morphology, Development and Life Cycle.
) CYS'I'I('I-:IH’.‘I;‘S CELLU LOSAK,

The Cysticereus cellulosae is a round to oval bladder, which n
yonng specimens may frequently be spherical, but in older specimens
it generally has un aval or even vl]iptit-::l shape.  The maxinium
recorded size is 20 mwm, by 10 mm,

It consists of () the so-called blidderworm capsule, or caudal
\'t‘-‘iit'it'. (.’n the p:ll’iiﬁilit: hewd and nevk, or seoler, The actual
bladderworm is enveloped in o whitish-gray transparent onter connec-
tive tissue membrave, formed by the host tissues as u protective
veactor aguinst the EsUIl"nItltllllls., ‘musenlar tissue of the host. The
cawdal vesicle consists merely ol an outer cuticle and o subentieunlar
laver,  The eaudal vesicle s cosily removed from the connective
fissue capsule, and is of delicate structure, containing a variable
umonnt of fluid. 1t is very fransparent, showing the invaginated
seoler inside the bladder.  Oune portion of its wall is narvawly folded
to form, what was fmlut'l‘l_\‘ called, and is still so-enlled Y sole
writers, the reeceptaculum scolivis,  The seoler is invaginated ioto
the receptaculm, heing attaehed (n the fold of the v l““sl.lll 11\ its lli-:'k
portion.  The opening or ** Jilus 7, into which the seoler is invagin-
ated, is extremely narvow and barvely visible,  The seolew and its
receptavulum, in the early stages of development grow in unison,
bt after o time the seoler outgrows its receplaculim.
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The resultant restriction to the longitudinal growth of the scoler
ciuses il 1o form a bow or hend into an S-, or G-shape, as Yoshino
(1934) describes if. This constriction causes the comparatively long
neck of the scolew to make one-snd-a-half complete coils, and traus-
versely folds it in the invagination process to resemble a closed
concertina.  The neck is transversely striated und contains numerous
calearevus corpuseles, which are characteristic of tapeworm lissue.
Ransom suggests that the ecaleareous corpuscles are composed of
caleinm albuminate,  When treated with acid, however, the cor-
puscles dissolve, giving oft gas, and they may, therefore, probably
be composed of ealeinm carbonate,

The size of the head varies with the matority of the Cysticercis.
When wature it measures from about 0-6G mm. to hom. in diameter,
The bead is spherical in shape. s dowe is formed by a prominence,
the rostellum, a strongly muscular structure, which is capable of
vontraction and expansion. The rostellum measares about 0-36 mm.
in height and diameter, and is wwed with two rows of hooks.
Owing to its contractive and expansive powers the restellum may
sometimes he deeply sunk into the wall of the head, und sometimes
protruded into a dome-like proboscis.  Fowr prominent suckers are
sitnated antero-laterally, with the jodellvm approximately equi-
distant Trom encl, They wessare from 04w, to 005 oo, in
divmeter.  Leuckart, in deseribing the range of movement of the
suckers, mentions that * the whole tour muay be raised up Like arms,
extend in different divections, and then contract,  This is very
marked when the suckers feel abour in Front as though teving to
fix themselves fo some object situated o front of the head.  As
often as this motion takes place the apex is observed Lo sink in,
and to remain in this position until it again proteades and allows the
hook-apparatus to unfold itself .

TFicure 1. Fioore 2,

(', ecellidosae liead, showing  rostellnm Completely evaginated scolex
with hooks, and on the left two suckers of (‘ysticcrens mentioned  under
prominently. other two suckers less pro- Figones |,
minent, This seolex evaginated artificially Magnin. 7,
after 28 days cooling.

Photograph by Dirvector of Veterinary
Services, Onderstepoort.  Magnfn, 10x.

Specimen,  Blopmfontein  Munieipal
Abattoir,
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The double row of hooks is arranged into a cirele on the
rostellum. The anterior hooks are the larger, and the posterior,
or smaller hooks always individually occupy the spaces between
ench anterior pair of hooks, thus allernutely there are large und
small hooks. The shape of the hooks is charneteristio and a distinet
“handle ', guard 7 oand ¢ blade 7 can be recognized.  The root
processes are thick and the tips curved. The total number of hooks
in Cysticercus cellulosae is from 22 1o 32, Yoshino found the number
of hooks in the specimens examined by him fo be 22, 24, 26 or 28,
The large hooks measure from 0-16 mm. to 0-18 mm. and the small
hooks 0011 mm. to 014 mm. (Yoshino's measurements qoe 00128
mm, to 0-162 mm,, and 0100 mm, to 0-125 ., respectively.)

In deseribing the development of the hooks on the rostellum,
Yoshino states that they differ iu shape aveording to the development
of the Cysticereus cellulosae: ** The initinl hooks on the rudiment
ol the rostellum in €. cellulosae about 4 days old are like needles
ar :;pi:'ms, und  gradually they curve ontwards like the horns of
cattle ',

The histalogical structure of the scolea of Cysticercus cellulosae
ahout 40 ta H0 days old is similar to that of the mature Cysticercus,
and there are recognizable two puairs of excretory cunals and very
many caleareous corpuseles in the muscular layer developed from
the spindle cells in the first cell layer.

In the adult Taenia solivm, the head is joined to the body or
strobila by o neck, usnally four times as long as the head itself.
The strobily is segmented, the segments being called proglotiides,
which, in the case of the mature segments, are longer than hroad.
The proglottides are formed behind the neck, in o continuous chain.
The anterior segments arve the youngest, and push the vlder, mature
and gravid groglothides farther and farther to the posterior of the
host’s intestine.  The total length of the worm is about 35 w. and
in rare cases up to 8 o

The structure of the strobila is simple.  Externally it possesses
a cuticular layer, which contains pumerous fine pores, through
which the parasite absorbs its nourizhment.  Twimediately below
the cutiele is a subentioular layer, with o layer of eolls on its
inner surfuee.  Below the cuticle are layers of delicate trausverse
and longitudinal museles.  The infevior of the body consists of the
varenchyma, which is divided by a strong Layer of transverse mnseles
mto cortical and medollary portions. The cortical portion of the
parenchymu containg numerous oval caleareous corpuseles, sumilur
to those mentioned in the description of the seolee, and are distrili-
uted throughout the length of the Taenia. They muy mensure up
to 0019 mm.  In the medullary portion ave situntod the exeretory,
nervons and reproductive systems,  All tapeworms are devoid of an
alimentary canal, absorption of nourishment taking place through
the pores in the cuticle, and excretion through * flame-cells ' and
a pair of dorsal and ventral longitudinal canals un cither side of the
strobila, At the posterior part ol each proglotiis, each pair of
canals is joined by a transverse eanal, and in the seoler itsell all
canals are joined by transverse loops.
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The nervous system consists of two large longitadinagl and several
smaller nerve trunks, which run throughout the strobila. These
ure joined by several ganglin and transverse commissures af the
seolew.

The Tacnia solivm and all tacwae ave hermaphrodite parasites.
The male reproductive organs are the first to appear in young
proglottides.  They cousist of : (1) Numerous testes, which secrefe
into (1) vasa efferentio uniting to form a (i) ras deferens, which
forms a (iv) seminal resiole, and ends in (v) o cereus-ponch, cou-
taining a eirrus, opening at the genital pore, whick lies in a sinus
on the lateral margin of the proglottis, ¢lose to the genital pore of
the femnle organs.  The genital pores are situated on irregularly
alternate margins in successive proglottides.

The fenale generative orgaus consist of ; (1) A ragina, opening
al the genital pore. 1t is a narrow tube, bearing (1) o seminal
vesiele, and ends in the (iii) eofype, survounded hy Mehlis™ gland,
where it is joined hy the oviduet and the vitellive duet. (iv) The
arvary, which is single aund lobed, is sifuated at the posterior part
ab the proglottes.  (v) The votype is also in contact with the ertelline
gland.  (vi) The wterws is charactervistic, and one of the main
differentinl diagnostic features of the species. It bas a maedian
lougitudinal stem with 7 to 12 luteral hranches.

Selt-fertilization may take place in ench individunl sexually
mature proglottis,  Tapeworms may also bend double amd the male
products developed earlier in yvounger proglottudes may fertilize
the female products developed later in older proglottides.

The embryonic egg-shell is thick and radially striated, spherical,
rarely ovoid in shape, and measures 0-042 mwm. in -]limm.-ter.
Leuckart's measurements were 0-06 wint, amd those of Yoshino 0043
to 0-0G8 mm, The embryonic development takes place in the
wterus, and the eggs contain o sphn-riu-u‘ embryo, with three pairs
of hooks, the heracanth cmbryo.  The wmbryo with its embryonic
ege shell is known as the oncosphere.  Yoshino (1984) found that
under abnormal eivenmstances the eoileyo may have 8, 10, 12, 14,
16 or 18 hooks, instead of 6.

Gravid proglottides measure 10 to 12w, long by 6 ta 6 mm.
broad.  The pravid segments are passed to the exterior by the
human host, in his exerefun, and arve frequently detached iy short
chains.  The worm may Hve inoman for years, amd sometines more
thun one individual may be present in one host. Yoshino (19934,
intentionally infected himselt with Zocwwa soliwn wnid studied many
gravid proglotiides.  He found that the gravid proglotiides just
discharged move about, alternately extending therr aonterior ends
then contracting thewselves, " During  the extensions the egos
are pushed ont from the wterns throngh the anterior end of the
pmy}nt!r'.-. With the extensions aml contractions from 31,000 fo
55,300 eggs are evacnated and only 480 to 1,500 eggs remain in the
proglottis,”” he wrote. Leunckart found that the contents of the
nterns of each segment was 6 cubic mm., and it held some 53,000
ogps.
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Dovelopment of Cysticercns cellulosae,

The ege hatches after it has been swallowed Ly the pig (also
hy man, the dog, or n at least one instance the monkey, as was
peported by Walker), and the hecacanth embryo penetreates into
the iutestinnl wall.  The migratory vourse of the embryo in the
body of its intermediate host, the pig, was carefully studied hy
Yoshino in 1933, This writer experimented npon o number of pigs,
which he fed with large numbers of eggs of Taenia solivm.  He
obtained the tollowing results: —

(1) The egas of Laenwm solivge hateh o the apper paet of the
stnsll intestine of the pig and the greater number of freed embiryos
enters the mucous membrave of that portion, while a swaller nuniber
penvivales futo the wmiddle or lower parts of the infestines,

12) The number of howrs vequived tor the hatehing of (he egus
varies, and Yoshino saw freed embryos in the muacous membranes
of the intestines 13 to 48 hours after the experimental feeding, and
they were also found in the internal organs and muscles within 24
to 72 hoors after feeding.

(3) Einbeyos found in the intestinal wall usaally had ne hook-
lets, having lost them by penetrating through the Hissues.  During
the early stages, 15 to 48 hours after feeding, specimens with one
ar two hooklets could be seen,

(4) The youngest Cysticercns vellulospe or transitional forms
found in the intestinal wall were spherical or ovoidal in shape.
They cousist of round cells, wud under the wicroscope appeared
grayish-white in colowr, and measured 0024 mm. to D03 mm, in
Fun;;lh ped 0-021 o, to 0026w, wide.  The transitional forms
were mostly found in the funica propriv and varely o the fela
submucosa and the niusenlar lavers.  In those cases the hlood vessels
i the funica propria, into which the transitional forms were about
ta penetrate, or bud penetrated, were vongested and enlarged,  The
yvoungest Cysticerar cellulosar werve rarely found in the abdominal
vavity of a pig between 24 and 72 howues alter the experimental feed-
inw.  Those Cysticerer eellulosae Tound in the internal organs or
muscles of a pig hetween 24 hours and 72 howrs after experimental
feeding were light greenish in colonr and spherical or ovoidal in
shape,  They consisted of round eells.  Between 24 and 48 hours
wlter experimental feeding, the size of the Cysticerens was 0024
fo 0042 e in length and 0-021 fo 0-036 mm, wide,  Between 48
and T2 honrs after feeding the dimensions were (005 mm. to 0058

e, long and 0-027 mm. to 0-054 mm. wide.

(9) Between 6 days and 15 howrs and 12 dayvs and 15 hones
after experimentual feeding, the young ('yericerer eollulosae appeared
Imlr-1wnsrnpivul’y as almost fransparent nd  colourless spots, and
were difficult o find within the museles and organs, unless they were
detached from them. Under the microscape they were light greenish
in colour, and spherical, ovoidal or exlindrical in shape. At G days
and 19 hours after experimental feeding they were generally solid,
but larger specimens were somewhat cystie,  Those examined 12
days and 15 hours after experimental feeding were cystic, contained
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a sticky fuid, ** and through the eyst wall a spot could be seen,
which might have been the rudiment of the head and its rostellum .
(It is extremely unlikely that the last surmisal of Yoshino is correct.
In such young stages there would he nothing more than a slight
thickening of the wall where the invagination will later ocenr, The
scolex is formed much later at the hottom of the invagination or

recept aculum).

(6) At 12 days and 15 hours after experimental feeding the
voung Cysticerci cellulosae weve guite large and cystic, and con-
tained fluid. The cysi wall hecawe thiover thau in younger speci-
mens and consisted of a enticular wembrane and a subvaticular
layer. At a point destined fo become the receptaculum, o great
number of ovoidal ecells began to accumulate, and the cuticular
layer of that portion became thicker and curved into the acenm-
ulated coll-layers.

At 12 days and 15 hours after experimental feeding the young
Cysticerei were lound in the liver, especially in bleeding areas in
the parvenchyma. They were also found in the brain, especially
in the cortical substance of the cerehrum.  Within 12 days and 15
hours after experimental feeding the young Cysticerce cellulosae
were found in body muscles and heart muscles Flll'j were accompanied
by round ecell infiltrations.

From the above rvesults Yoshino concludes that the embryos
bateh in the small intestine of the pig, penetrate iuto the intestinal
wall, and the majority enter the Rlluod stream by the capillaries
in that region. They are then carried to the internal organs and
museles, where they develop into Cysticerct cellulosae,  Others pene-
trate through the intestinal wall into the abdominal cavity and
die there.

Un the later stages of development of the Cysticercus cellulosae
varions ohservers have recorded as follows: —
Hutyra and Marel:.

At 20 days Cysticercus collulusae is aliont the size of a pin
head, and the head is visible as n small white point.

At 40 days it appears as big as a mustard secd, and the head
may be plainly seen, but it has neither suckers nor hooks,

At GO days the eyst is as hig as a pea, with head with suckers
and hooks, bhut no neek.

CAfter 3 months the ** bladderworn ™ is fully developed and
behind the head the transyversely striped neck woay he seen,
Braun-Seifert.

The complete development of the Cysticercus cellulosae takes
from 24 to 4 months.

Minniy.

The Cysticersus vequires about ten weeks for its complete

development in the piz.  After about two months the bladderworm

is already infective as the suckers and hooks are sufficiently well
developed to allow the scolex to attach itself,
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Yoshino,

At 20 to 30 days the Cysticercus cellulosae measurved 1-1 mm.
0 41 mm, by 0:8 mm. to 3-2 mm.

At 40 to 50 days dimensioms were 3°4 mm. to 82 muni. by
2-9 mm. o 60 mm.

At GO to 70 days dimensions were 56 mm. to 85 mm. by
1 mm. to 6-9 mo. At fhe last named stage 11 might he fully
developed and infeetive, but may still merease in size and measure
R0 . to 145 wmm. in length, by 45 mm. to 80 mn. in width
hetween 204 amd 325 days after feeding.

Twenly days after experiwental feeding the rudiment of the
scolex may become gradually distinguishable.

Forty to fifty days after feeding the scolex has developed fully
with four suckers avising from its wnvaginated surface, and in ifs
blind end the rostellum provided with hooks is formed. It measures
from 0-84 mum. to 1-97 mm. in length.

In Cysticerus cellulosae G0 to T0 days old, the scolex is fully
developed and its elongated neck is bent within its receplaculum,
showing on its ionvaginated surface many foldlike septa, lhecause
the scolex grows mich more rapidly than the receptaculum. Accord-
g o the development of the bladder the neek of the scolex elongates
rapidly, and on its iovaginafed surfaoce numerons fold-like septa
appenr,  Outgrowing the receptaculum, it bends as a whole into
an 8-, or G-like shape ond the rveceptaculum hecomes u thin
menhrane,

The histological development of the head, according to Yoshino,
is us follows: —

AL 20 days the rodimentary seolex 1s a simple tube, consisting
of enticle and subeuticulor layer. The subeutienlar laver may again
be divided into an outer (frst cell) laver, which directly joins the
cuticle, and consists of spindle cells, and an inner laver (second
cell layer) of polymorphic cells. At 40 to 50 days the scolex is
almost tully developed and is provided with four suckers wnd the
rostellim.  Tu this stage the suckers are hemispherical and measure
0-225 mm. o 0-352 vom, o dianmeter.  Still later, at 60 to 70 days,
the suckers weasare 0325 non. to 0-384 mmw. in dismeter,

1. Cystiecerevs Bovis.

The general structure of the Cysticercus boves and its resultant
adult Tavnio saginate vesembles the Cysticercus cellulosue-Taenia
soliwm closely, with the following enumerated points of difference : —

(n) Tntermediate host, the ox; very ravely mian.  Adult host,
man only.

(h) The outer conpective tissue membrane 15 very nmouch
thicker than that of Cysticerens cellulosae, awd much
wore firmly attached to the caudal vesicle.
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() The bladder itselt is much less frnusparent, amd contains
a thicker fluid, which is frequently more turbid than
m Cysticercus eellilosae,  The seolex is, therefore, lesss
visible,

() The bladder is decidedly more greyish in colour, and very
frequently the Huid contents give the bladder a reddish-
brown tint.  Plettre (1922) gives the opinion that the
red colowration way be aseribed 1o the absorption of
haemoglobin  from  the surrounding  muscles.  Valade
(1927) suggests that the weddish tint appavently results
from histolysis of musele fibres as the result of the exere-
tion of toxie materials by the scolex.

(¢) The Cysticercus boris nsually weasures 79 me to 89 nom.
by 55 wm, when fully developed.

(/) The seolex, especially in the adult stage is very much
lul'gel' than that of ('_q.d.ir'r_'rr'ux vellidlosae-Tavnin solivan.
TEas 10 muo. to 2 . i dicmeter,

(o) The ewhryo is w hexacanth  (six-hooked)  Tareva, bt
ueither in the Cystieerens vor in the adult stage has the
seolex o rostellum and hooks.

(Jy The four suckers are even more musenlar than those of
Cysticereus cellulosae-Tacnia solium, are larger, with
nnusually thick walls.  As compensation for the absence
of hooks, the suckers ave capable of greater suctorial
attachument,

(1) Pigmentation around the suckers is very well-marked in
the adult Zaenia saginata, and gives the worm the appear-
anee of possessing a hig black head. Pigmentation oceurs
to u mueh less extent in Tavoia solinm.

(1) The adult tapeworm is much longer than Tacnia solivm,
and may measure from 4 to 10 m. in length.

(k) Gravid proglottides are from 16 to 20 nou. in length and
from 4 to 7 mm. wide,

(1) Gravid segments are generally voided singly, very ravely
in chains, and way sometimes he liberated spontancously
to the greant discomfort and embarrassment of the human
carrier.

(m) The gravid nterus has 15 to 35 lateral branehes on either
side,

(u) The embeyonie ege-shell is ovoidal, varely sphevical, and
measures 0045 moa, by 00043 ni,

(o) Malformations are quite common in 7. sagnata,  These
may take the form of specimens with multiplication of
the generative openings. (Leuckart.) Supernumerary
joints, and sometimes duplication of strobilue have been
recorded,  Palais (1933) deseribed a0 speeimen obtained
from Brazil, in which the two stroabilae were uttached
one at right angles to the other.  Leuckart stafes that he
found only one case of malformation in Tacuwia solivm.
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(p) The worm has been known to live in man for 20 years.
Very rarely is more than one specimen found in one host.
and in that vespeet Leuckart was correct when le took
exception to the name Taenta solium (solitary tapeworm),
nnll] pointed out that Taenia saginata was by far the more
solitary.

(¢) With regurd to the development of Cysticercus bovis,
Braun (1900), quoting Hertwig, gives the following

fahle :—
Connective tissue Uystiverei, Sealex, /mm,
Ao of gystieprej |——p———|= . e
i Length | Breadth | Length | Breadth | o | Extonded
JSmm. Jmm. ., S, ﬂcinlfy.
O o o 40 3-8 2:35 2.25 05 07
TR N 35 30 2.5 10 13
B st sinss 15 3.5 32 275 |1-ax 10| 29
W FFEEY 540 3-754-0 35 35 T2 1 3-3
B8 e vrosii 56 |37540| 40 | e |1-8xi-0] 35
' [ ¢ PR e B0 48 Seld 43 - b | 4-0
v cbimamramiing G0 45 R 4H 2% A 4-25
T P LT TR 625 % 700 45 600 +5 |2x 13| B0
PR LT N H-5-8-0 45 0 45 ii2-2& x 1+78| 5:5-8-25
:!_3.....,........, 7:5-0-0 &G T-0 a0 _i 25 % 2 FELL

(r) Cysticerci take about 18 weeks to attuin full development.
[t is nsually taken that o dingnosis of eysticercosis will
be made in meat inspection from the Gth week onwards—
hoth in the case of ', borrs and (', ecellulosae,

Suconn, o Apvre Stacr or Lare-Cyere or Born Sercies.,

If man eats viable measly pork or beef, which may be
undervooked, or insufficiently cured in the case of ham, the adult
stuges of the respective parasites wre commenced within him.

The bladderworm is swallowed, and within 24 hours, as a rule,
the seolex evaginates from the swrounding caudal vesicle into
which it had been invaginated. The evagination is cansed by the
stimulation of the head by digestive juices which permente through
the ““ hilus ** of the invagination. The head attaches itself to the
mucosi of the intestine, by means of its hooks and suckers (Taenia
soliuwm), or suckers only (Taenmia sagimata).
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After having obtained lodgment by meaus of the scolex, the
tapeworm grows, and from the neck the strobila develops. The
mature and gravid segments are pushed further to the posterior
by the younger segments. Self-fertilization may oceur within the
proglottides, or proglottides may fertilize one another, and gravid
segments are voided,

(ontrary to the opinions in many text-hooks, Yoshino (19:34), who
examined stools for Taenie solivm, and Alearaz (1932), Pardina (1932)
and Franzani (19:33), who examined stools for ZTaenta saginate, found
that in the majority of cases nwwerous eges were found in the
fueces, whereas comparatively few remained 1n the voided proglot-
tides. Pardina explains the fact that the detached gravid segnients
extrivde eges through o ruptured uterine hranch, ;\r(:m'nz, relerring
to Lacuia saginata, explains that segments are expelled sivgly,
enusing rupture of the uterus, followed by sctive expulsion of the
ovia.  Kouri and Basnuevo (1993) found that eggs of Taewia sagmata
were observahle in 80 per cent. ol siool examinntions, in infected
cases,

Maoore (1916) observed the rate of growth of o Pacwia sugowita
in a student ut the Potchefstroom (Transvaal) School of Agrienlture.
Ie gave the student @ vermifuge, which caused the patient to
excrete a length of tapewornm, which, according to its appeuarance,
puve Moore the opinion that the entire worm minus its head and
neck had heen passed.  Some time later, the patient was again
trouhled with the tapeworm, and a second vermifuge was adminis-
tered, with the result that the entire worm was passed. The time
hetween the first and second vermifuges waz 72 days, and the
length of worm passed on the second occasion was 19 ft, 3 in.
Moure thus estimated that all but the head and neck grew in that
tinse,

When the pig, or the ox, iugests the eggs of the respective
species of which it is the intermedinle host, the life-eyele is resumed.

B. The Hosts and Pathogenicity of Cysticercus cellulosae.

In the adult stage the Taenia solivm has only been known o
develop in man. Young, immature Taema soltum may, however,
live for a wvery short period in dogs and possibly in some other
CArIIVOTEs.

Fxperimontally we tried to infeet six dogs, o jackal (7hos
mesomelas) and n bhaboon with Taenia solivm st the Bloemfontein
Municipal Abattoir, Tn none of these subjects did vipe proglotfides
or ova pass in the fueces, Dogs Numbers 1 to 4 were destroyed
pd examined 90 days, 70 days, 60 days and 30 days, respectively,
after having been fed large numbers of €', cellulosae. Dog Number
i owas killed 3 days after feeding, and dog Numbher 6 was killed
24 hours after feeding. Im not a single case were mature, or
immature Taemae solivm, ov even evaginated scolices abserved.

Similarly, all attempts to infect the jackal failed. At various
periods, over four months, he received countless thousands of viable
Cysticerei cellulosne.  Since infection over a prolonged period did
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nol result, he wus finally given some pork containing numerous
viable Cysticerci cellulosae, and destroyed two days later.  Post-
mortem  examination revealed several mature Taeniae marginata
(hydatigena), and mauny thousands of Kehwmococer granulosus, but
not a trace of Taewia soliwm. The infections with 1. marginata
and &, granulosus had resulted from experimental feedings with
numerous Cysticerci tepuicollis and Fehinocorrus eysis, which had
heen administered when we fivst obtained the jackal, aboul four
months previously.

Lufection tests were contemporaridy tried on an adult male
South Alrvican baboon, The bahoou was kindly presented for experi-
mental purposes by the Chairman of the Parks Committee and the
Curator of the Bloemfontein Municipal Zoological Gardens,  1le was
well housed af the Abattoir, and his diet consisted muinly of fruit,
vegelubles and hread.  He refused to eat meat, whether raw or
cooked. At first he was given about fifty Cysticerer eellulosae hidden
in hread, but, with the natoral wiliness of his kind, he frequently
broke the bread into erumbs and removed all traces of eysticerei,
Measles were then stuffed into the pulp of bananas by means of a
sharp stick or a pencil, and the canal thus formed was ngain closed
over, so that the haboon could neither detect the presence of the
measles in the bananas, nor could he notice that the hananas had
heen interfered with. He took the bananas readily and by this
means approximately 750 wviable Cysticerer cellulosar and a fow
', boris wore led to him, over a period of four wonths. In order
to ensure that only live measles were fed to him, we always tested
viability of the eysticerer from the same pigs in 5 per cent, sodium
taurocholate solution and by actual infection tests on o human
subject, snceording to Keller's and Dwapizky's methods. At no time
did our halwon excrete Taenia segwents.  Four months after the
original teeding the baboon died frow aente pnenmonia, contraeted
during a sudden eold amd wet spell. A 1-;tref!ul post-mortem exam-
ination was made, which revealed pneumonia, but not a single
tapeworm, mature or immature, was found,

Under natural eonditions, the baboon is not carnivorous in
the true sense of the word, althongh he way feed on locusts, seor-
pions and grubs,  In a few instances they have been known to attack
flocks of sheep, causing wilful destruction. A favourite practice
of these waranding troops of haboons is to disembowel sheep, and
leave the carcasses on the veld, but it is very doubiful if they will
at any time attack and make o weal of pigs. 1t s, therefore, most
unlikely that the baboon will aequire natural infection of Zaewia
solivm.  Although one experiments were numerous attempts to infeet
one hahoon, it can reasonably be eoncluded that the balioon is
immune to infection with 7. seliwm, even with attempiz at artificial
infection. [t is also very unlikely that any of the higher anthropoid
apes are subject to the parasite.  ITn conclusion, it may be mentioned
that in 1932 Clarenburg vecorded (hat he failed o infeet various
monkeys with Teenia saginata. 1lis subjects were fed several C.
hoeis, fresh specimens, as well as some which had been preserved
in u cooler for three weeks.
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lu the eystic stage a nuwmber of animals hus been named
as intermediate hosts.  Authenticully it is accepted that the pig,
man, the dog and recently, the monkey ave definite losts.  In
addition it hus been mentioned by some writers that (', cellulosae
was found in sheep, gouts, eattle, horses, nutelopes, deer and hears,
“hat the identifieation of the cysticeresr was undoubtedly erroneouns
in many cases U (Monnig, 1934,

The eysticerce found in sheep and goats weve very probalily
(', wris which closely resembles €, ¢ellulosae, and has a rostellum
hearing 24-36 hooklets,  Von Ostertag (1934) wentions that Cinres
examined seven vases of suspected O eellulosae in sheep and lound
that they were actually typical eases of O, o,

[u cuttle wnd wild buck they may have been the Cysticerews
of Tavwn hyoenae, o tapeworm from the hyena,  Io 1932 Martin-
aglia enconntered o peenliar measle in o hovine eareass ab the
Johanneshurg Abattoiv,  * The eystieerer were armed and unlike
the bovine Lladderworm,  On Tarther identification De Monnig of
the Velerinary Research Lahorvatory, Onderstepoort cousidered the
hooks of this cysticorcus vesembled those of 7. hyaenae

It is possible thut the eysticered Lownd in wguines, antelopes,
eti,, were mistaken by some writors for € collulosac,

Some years ago, during three vears' service in the wilder parts
of the Bechuanaland Protectorate, the present writer found what
he took to be €. cellulosae in two Mrican bush pigs (Potamorhoerus
choeropotams). Both wild pigs were shot hy nuative atlendants,
and in cariosity the writer inspected the carcasses, which were found
to be heavily infested with measles, which closely resemhbled those
of the domesiic pig. Unfortunately, owing to his remoteness from
civilization at the time, the writer was wnable to examine the
eysiceres wicroscopieally, or, sinee it was also impossible o send
specimens away, owing to no preservatives being available, 1t was
impossible to have them definitely identified. Dv, Mannig mentioned
to the writer that Myr. Harris, who was engaged on the Government's
tsetse-fly cnmpaign v Zululand, reported similar cases to him.
According to Daubney (1936), up 1o date there is no record of
(", vellulosae from any of the wilti pigs of East Africa.

[xrrerion ix e Pra,

The infestation of the pig with Cysticercus cellulosae is usnally
of a very heavy and generalized natuee,  In fhis respeet it often
differs from the infestation of the ox with €', boris.

In the pig = predilection sites 7 are sometimes mentioned, but
that term, in South Afvien, is veally only applicable in the excep-
tionnl enses of light infestation,

At the Bloemfoniein Abatfoir we made o systematic study of
so~called * predilection sites ™" in order to ascertain whether these
sites corvesponde] with these deseribed by older overseas anthors.
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During the calendar years 1935 and 1936, 180 pigs were found
measly.  Of this number the great bulk were grossly infested, and
only 30 had less than 10 measles in the routine inspection incisions.
The ratio of 5 . 1 heavily to lightly infested carcisses was more
or less fairly vepresentative of infection in other parts of South
Afvica. It is interesting to record that From Swellendam an
exception to the rule was veported. The Abattoir Superintendent
of that small centre advised me that he had noticed considerably
more pigs lightly infested in the Swellendam abattoir than during
his previous serviee in abattoirs in the Transvaal and Northern
Oringe I'ree State,

In the subjoined table the vatios of heavily infested to lightiy
intested carcasses ave given for some centres in the Union. The
vatios given are only in respeet of such cenfres where uctual
observations were recorded and the details were available. A number
of superintendents of other abattoirs, who did not keep acinal
records, advised me that in general the nafure of infestation wus
very heavy, amd lightly infested cases were rave,

Table showing ratio of heavy infestation to light infestation,

Ladysmith (NtL).... 3:1 Ruostenbuorg, . .. .. 100 2 02 Graaff-Reinet.. ..., 1211
Neweastle..oooenn, .. Ti4 Bloemfontein. ..., .. 54¢ ] Middelburg (C,).,.. 4:1
Potchefstroom .. ..... 73 Kroonstad . ........ a:1 Port Elizahoth ., ... b2
Germiston.......... 3:1 Bethlehem .. ..... .. :1 Queenstown oo, .. 1951
Klerksdorp.......... 13+ 2 Fort Benofort...... Bzl Riversdale......... F:1
Middelburg (Tel), ... 10:1 T L . 7: 3 Uitenhage ... cooeen . 191
b3 1) A SUENCINER PN (Tl

The Superintendent of the Fort Beaufort abattoir made the

following observation: 1 eyst 1 carcass; 2-h eysts 2 carcasses;
. 2-10 eysts 2 caveasses; over 10 eysis 40 careasses.

Yon Ostertag (1913) wives the following table showing the
ratio of heavily infested carveasses to lightly infesfed carcasses at the
Berlin Ahattoir: —

Yoar Total mumber | Extensively Lightly
AL I of measly pigs. | infested. infosted,
i
VB0 s sriimm viinmasn o T nbminsins 627 S 323
B0 PR SRR s Y B S R 508 251 258
11217 dporie b b 8wy e Ty » 325 118 207

Judging from the above table, it would appear that in (fermany,
about 40 years ago, the ratio of lightly infested pig carcasses to
heavily infested pig carcasses was found to he slightly higher in
fovour of light infestation. Von Ostertag, however, poiuts oul
that the ratio of heavy infestation is wmueh higher in the vase of
hogs than in the vase of bovines with €. hoeis.
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. Le Coultre (1928) gives the following ratio vhbtained during his
imvestigations in the Netherlunds East Indies in 1927 : —

Boeleleng : 36 cases; 17 heavily infested; 19 lightly intested.
Denpasar: 23 cases; IS heavily infested; 5 lighily mitested.
Makussar (1926) : 85 cases, all with less than 13 measles,
Soerabata s All cuses heavily infested,

T the usual cases of infestation with €. vcellulusae, pigs may
harbour many thousunds ol parasites. It 15 quite common that
hardly o fraction of au ineh of the vareass wany be noticed free from
bladderworms.

[n order to arvive at a guantitative estimate of the nuniber of
bladderworms in heavily infested pig carcasses, I caused i count to
be made in small pieces of weat from two heavily infested pigs at
Bloemfontein abattoir. Iy ench ease the head was removed, the
vertehrae and the bones of the lwbs were stripped of weat, and the
actual muass of meat itself weighed, The first pig weighed 75 Ih.
stripped, and the second, a fuirly large pig, 150 1L, No viscera of
any kind were included in the weights,  In each case o small piece
of pork, 1 ineh enbed, was excised from the deep-seated musculature
on the medial aspeet of the thigh, Each small piece of meat
weighed § ounce. In the first piece we found 80 mensles, which
represented some 128,000 eysticerer in the pig, minus its head, heart,
liver, hrain aud tongue. all sifes where many measles might have
been found, In the seeond piece we found 184 measles, which repre-
sented some 588,800 eysticered in the 150 1h. pig, minus its head and
viscera.

Hall (1920) found 70 ecystecerer in a small piece of pork which
weighed & grammes. Thus he estimated that se many thousand
mensles were to be found in the entire rarcase,

Kiichenmeister found 133 measles in 17 grammes of pork, repre-
senting ahout 80,000 to the kilogramme ar 2§ Ih,

At Blocwmtontein we judged all careasses is which wore than 10
eyshreerer were found, in the routine ineisions, as heavily infested.
During the ealendar years 1935 and 1936, 150 heavily infested pig
careasses were found.  Statistics are not available of the predilection
sites in all the heavily infested careasses.  More acenrate observa-
tions were made in respeet of the thivty lightly infested eareasses,
Ten heavily infested pig eareasses were, however, eavefully surveyed.
Muasles were invariably found seattered {hyvonghout the musculature
of the earcusses.  They were more densely loeated 1o the museles
above the elbow and in the neck muscles,  Tafection of the thigh
museles (leg of pork) was very heavy, and invaviahly numerous
measles were found in the perineal vegion,  Although in the ten
heavily infested pigs, closely examined, a fairly heavy infestation of
the masticatory museles was observed, it was rvelatively less heavy
than would have heen the case of gross infestution of €', hovis in the
ox. It will be observed that net a single measle was found in the
masseters or the pterygonl muscles of the 30 lightly infested piw
carcasses, (See predilection sites in light infestations.)
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In three of the ten observations Cysticerci cellulosae were found
in the fat and subcutaneous tissues, The abdominal muscles, inter-
costals and cervieals were invariably infested.  As o rule the degree
of infestation was lighter in the abdominals and intercostals than
in the cervicals, where usually, numerous eysts were found. Other
sites in which measles were invariably fmwrf in the ten observations
were, in order of density: the psoas muscles: the sub-vertebral
muscles: the tongue; the heart; the ovesophageal musculature; the
diaphragm. [n six out of the ten observations eysticerci were found
in the brain: in two out of the ten observations in the eyeball and
conjunctiva.  In none of the special observations were eysticerci
found in the testicles of boars, or in the vagina and uterus of sows,
respectively. (OF the ien speciul observations, two weite hoars, five
were sows and three were castrates.) On at least one other occasion
in each gender did we find measles in the vespective generative
organs.  Intra-uterine infections of foetuses were never observed,
although on a few oceasions pregnant -sows were inadvertently
slanghtered.

In the six eases of cerebral eysticercosis, cerebral eysticerer were
found singly in 2 cases, six eysts in 1 case, eight cysts in 1 case, and
numerons eysts in 2 gases.

Lrodilection Sites in Laght Infestations.

[n most eountries regulations governing meat inspection loy
down standard routine incisions which are to be made into carcasses,
with a view to inspection for eysticerci.  Such voutine incisions arve
nmide into a carcass so as to expose surfaces where measles are most
frequently found, withont mufilating ithe eareass. In lightly in-
tested pig earcasses it is quite possible to miss eysticercr which may
be present, hut have not heen exposed during the routine inspection.

Irvine-Smith (1911), in “* The Report of the Director of Ahattoirs
and Live Stock Market, Johanuesburg, 1910-11 "', mentions that
during ih:ﬂ yvear under veport two pig eaveasses, hearing the abattoir
Y opassed T ostamp, were afterwards found in huicher shops to he
measly.  Tn the one ease measles were found by the huteher himself,
and in the other case by one of the Municipal Health Tuspectors.
(Yol. Trvine-Smith points nut that it would have been difficult to
iletect measles in those coses, without mmtilating the ecarveasses.

For the inspection of pig carcasses for eysticerer in South Afriea,
Regulations have been framed under Section 115 of the Public Health
Act, No. 36 of 1919 (Government Notice No. 2118 of 1924, us amended
by Government Notices Nos. 2015 of 1925, 112 of 1929 and 1456 of
1933.)

Paragraph 13 (i) reads:—** An ineision shall he made into each
shoulder behind the elbow, except in the case of a parcass intended
for export overseas. In the case of o pig carcass intended for hacon
an incision shall be made in the fillet (psoas musele) in liew of the
aforesaid incision.”
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Puragraph 16 (i) reads:—*" Every meat inspector finding
evidence of bladderworm disease (measles) in a slaughtered animal
during examination in accordance with Regulation 12 (General
examination for all carcasses) and 13, shall further make the addi-
tional examination of : —

Heud : Luspection incisions into inner and outer musele of the
Jaw,

Tongue : Inspection of the surface and incisions into the
muscles of attachment and the tongue proper.

Pluck : Examination of the heart and vesophagus.

Stomach and Intestines: Examination of the outer surface of
the stomach and intestines.

Carcass: The following inspection incisions shall be made into
ench side of the carcass:—

Muscles of the shoulder behind the elbow ... 7 incisions,

Chuek (by whieh 18 understood the muscles
on the dorsal aspect of the thoracic )
BRVAESY o s bt ik Boe ey void i< do ... 1 1ncison.

Muscular diaphragm ... .. .o oo wee vee w0 2 ineisions.
BRRIEE ool v s Then sty o o Tarh rmbiinn S ity RACINORE;

__ Apart from the foregoing, three incisions must be made into the
pillars of the diaphragm,”

It will be observed thal according to the above regulations the
meat inspector is virtually allowed to make only one incision into
ench shoulder Lehind the elbow, or in the case of bacon pigs, into
the psoas muscles in lieu of those incisions, and three incisions into
the pillars of the diaphragm. He is only entitled to make the sub-
sequent incisions enumerated in paragraph 16 (i) after he has found
evidence of bladderworms in the voutine incisions.

Cysticerct cellulosae arve oveasionally encountered in most un-
usual loeations, and may very easily be overlooked in routine inspec-
tion, In September, 1935, 1 reported an interesting case in the
Journal of the South African Veterinary Medieal Association, 6 (3),
po 191, The senior meat inspector at Bloemfontein abaftoir, on
exumining the submaxillary Tyvmphatic glands of o pig for tuber-
culosis, found a eysticerous in the ﬂlamr‘uf one side. I econfirmed
his diagnosis of €. cellulosae. 1n none of the legal routine incisions
were cysticerci found, but on making the secondary incisions laid
down by paragraph 16 (i), Cysticered cellulosae were found in the
following loeations : —

In 7 ineisions into the M. Triceps Brachii and M. Del-
loidens on each side 2 eysticeres; Psous muscles | cysticercus.
No eysticerei were found in any other incisions. It is plain
that but for the fortunate discovery of a eysticercus in the
submaxillary lymphatie gland, a very unusual site, the carcass
would have been passed as fit for human consumption.
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In November, 1936, Dr. Bekker, Municipal Veterinary Officer,
Pretoria, encountered several eysticercs in a pig’s liver. No eysticeren
were found in routine ineisious . Being in doubt as to whether these
bladderworms were €. cellulosae ov €, tenuwicollis, Bekker sent the
liver to Dr. Monnig, Ounderstepoort.  In answer to an enquiry from
me as (o the identity of the eysticerci, Dr. Monnig veplied : —* The
bladderworms in the pig liver sent by Bekker are nnfortunately not
fully developed. The hooks are still young and imperfect, and so
it is not possible to identify thew, but the number of hooks coinecides
with that of €. cellulosae.™

For economival rveasons it has heen customary in wmost South
African abattoirs to condemn all pie careasses tound infected with
measles, although instroetions in Pavagraph 16 (2) and (3) do nol
preclude lightly infected pig earensses from veceiving similar treaf-
menl to Ilﬂrhﬂy infected hovine eareasses in cold storawe at manns
ten degrees Centigrade for 14 days.

In Bloemtontein, therefore, we were afforded the opportunity of
studying predilection sites in thivty Hehitly infected earcasses, which
were minntely dissected.

Measles were tonnd : —

Lo muscles nhove the elbow ouly (Triceps, ete)) .. 10 cases.
In museles above the elhow, plus psoas .. ... ... ... 4 cases,
In museles above the elhow, plns psoas, plus thigh

maselas .. oo s B & e W cages.
In museles above the vlh.m, |r|u~ thlrrh umr-vlp- L D pases,
In inscles above the elbow, plus cervicals ... ... ... 2 cases,
Tu muscles above the elhow, plus heart ., .. . ... 1 cuse,
In museles above the elbow, plus tongue ... ... ... 1 vase,
In muscles ahbove the elbow, plus tongne, plus

PRTGTORLE: Sua Svii s muan a5 o i So it e A, a3 1 ease.
In heart only ., 0 | L | ease.
In museles above the v[hu\\, plm pa-n.w plu- wn‘h-

maxillary Ivinphatic gland | T e . 1 rpase.
In heart, plus tongne. plus rmsnpham:s, pluﬁ

GRRCTERE Lol i) e dut. wl s <ol Hde ren Kid s I case.

Tn ather words, in 30 specially olserved lightly infested ear-
casses at Bloemfontein, cystiveretr were founid : —

In nimscles whove the elbow in ... ... ... . ... ... 28 cases.
[n muscles of the thighs in . .., ... ... ... ... 10 cases.
In psons mseles JI6 ... vis vir ver vre sr i amiiaes e 8 CHSES.
Im wuscles of the neek 10 .o v o ver wes ass avs s 4 GRSES.
Tu the heart in ... .. .. A N SRR GieetE 0 DOBES;
In muscles of the inngue .mr'i tnn,:m- lise]f 5 R S 3 cases.
In muscles of the oesophagus in .. ... ... ... ... ... [|case.
In submaxillary lymphatic gland in ... ... ... .0 .. 1 case.
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According to these observations the wmuscles above the elbows
must overwhelmingly be accepted as the commonest predilection
site. Tn only two cases in the 30 pigs which had less than 10 measles
in the ordinary routine incisions, did we not find measles in that
location.

In grossly infested carcasses we observed bladderworms in the
following organs:—

Liver three oeccasions: kidneys twice; brain six times:
eyehall twice: testicle once: vagina and wlerus once; stomach
and exterior of the intestines once. lTu all those cases infes-
tation was very heavy, aud the commoner sites were
“ gwarming ™' with measles,

To summarize, judging (rom our observations af Bloemfontein,
I regard the order of frequency of infestation in the various parts
of the pig's carcass {o he: —

1. The fore-quarters above the elbows (shoulder of pork).
2. The hind Linibs above the hocks (leg of pork).

3, The pzoas muscles and museles on the ventral surface of
the vertehrae.

4. The cervical muscles and the intercostals.

5. The tongue and its wuscles.

6. The heart and the perineal region,

7. The oesophagus and the diaphragm.

8. The musecles of the face and the abdominal museles.
9. The brain.

10, The liver, fat and superficial fascia,

11. The eyehall, conjunctiva, ete.

12, Sexual orguns, and internal organs not wmentioned above,
also Iymphatie glands.

Von Ostertag (19143) gives the following predilection sites:—
Abdominal musecles; wusenlar portion of the diaphragm: lumbar
muscles; tongue; heart; museles of mastiention; intercostal museles;
cervieal museles; the gracilis nnd the sternal musculature. He men-
tions that the heart and the brain should be named as frequent loca-
tions for the hog bladderworm.

Kukuljevie (1906) mentions that on four ocensions he found
(h'y:r.hfc-ﬂrci cellulosae in the eyeball of pigs, and morve freguently in the
rain.

Hutyra and Marek (1916) mention that Cysticercus cellulosae
is sometimes found in the spinal cord. They mention the following
order of frequency:—Deep muscles of the shoulder and chest;
abdominal muscles; nape and neck muscles; diaphragm ; intercostals;
adductors of the thighs: less frequently in the muscles of the tongue
and the heart, ** and in very severe cases in the brain, eyes, liver
spleen, lungs, lymphatic glands and fat.”
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Vosgien (1911) found the following order in the pig:—*" The
muscles of the chest, diaphragm, tongue, heart, muscles ahove the
elbows, and less frequently the intercostals, psoas, masticatory
museles and museles in the vertebral region,”

At Boelelene (Duteh East Tndies), in 1927 Le Coultre found the
order of frequency of infestation in 20 pigs to be: —Muscles of masti-
calion; shoulder and the muscles of the upper arm; psous muscles:
neck muscles; vertebral wuscles; tougue muscles: abdominal
muscles; museles of hind legs below the patella: muscles of fore legs
below the elbow : infercostals; and lastly came the diaphragm, heart
and hrain.

The Japouese workers Eguchi and Nishiyama (1930) found the
predilection sites in infested pigs in Prefectnre Okinnwa o be:—
Skeletal muscles and heart, and then in the hrain, orbit and cheeks.
Out of 42 infested pigs they found mensles in one case in each of the
following locations: —Spleen, kidneys, stomach, intestinal wall,

Hertwig (1885) mentioned thut Cystieerer cellelosae were rarely
found i the liver, Iungs, spleen and kidueys.

Tevine-8mith (1910-11) advised the Johanunesburg Municipal
Couneil at that time, i his aooual report that *° the followig
parts of pig carcasses are elosely examined : —Tongue and heart:
museles of the neek ; breast ; intercostals ; mideiff and psoas.”

Degeneration of Cysticercas cellulusae.

Quite frequently degenerated eystiverei may be found in pigs.
although more vavely than ix the ease with Cysticercus bovis in
heol.

Von Ostertag states that degeneration usaally oceurs at an
eurly developmental stage. At Bloendontein we freguently observed
degenerated mensles in old pigs, although on oue oecosion I noticed
hoth caseous and apparently viable eysticeres in a pig of about 12
months old.  This observation differs from that of von Ostertug,
who states (1934) that all parasites in the case of (. cellulosae are
alfected (simultaneously ) by the process of decuy, contrary to the
rule in €, wnerms (horis).

Degeneration of the eysticerens tukes the form ol coseation and
caleificntion —progressive stages of the same degenevation. The
Huid contents of the eyst progressively dey to casention and ulti-
mately to ealeifieation,  Progressive atrophy of the eyst itself oconrs,
and the shape of dead eysticered is alfected.  Dead cysticerer appear
as elongated, sometimes slitlike structures which, oceasionally may
be barely visible to the naked eye, appearing as white specks, and
sometinmes they way be the size of hemp m‘mﬁ. During the caseous
stage of degeneration the pig measle may uppesr gray in rolour,
but when calcified it is usually pure whife,

Neumann states that if is usually age that brings aboul degener-
ation of the eysticerer, and their transformation into small, round,
hard and compact grains, impregnated with caleareous matter and
destitute of Huid. The pork butchers (in France) name the disease
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dry measles. Neumann adds that the degeneration of the eysticere:
is centripetal, that is, it begins with the external membrane and
finishes with the scolex: and this is wmost evident in caseous or
seudo-purulent degeneration.  When unumerous eyslicerer have
degenerated, the heart and skeletal museulature are found to he
sprinkled with white granules. (Neumuann.)

Under the microscope, w-tongh conueetive tissue nembrane aud
n more or less strongly caleified centre may be demonstrated in the
caleified structure.  (von Ostertng.) Sometimes demonstration of
the classical caleareons corpuseles und hooks in a degenerated eyst
may serve as a diagnostic feuture of the former bladderwori.

Syarross v rHE PG,

Clinical symptoms of Cysticercus  cellnlosae  infection  wre
extremely ware in the pig. The severe constitutional disturbanees
sometinies met with in the hamun infection seldom reveal themselves
mopigs,

MucArthor (1934), in  discussing  the incidence ol human
eysticercosis in the British Army, mientions the prolanged period
after initinl infection, belfore constitutional disturbances occurred
in patients he studied.  He wentions the faet that the parasites
miuy be present in the hwman body for several years (e.g. six o
vleven vears), hefore eevebral symptoms become apparent. In the
case of the pig, in applying MacArthur's remarks on the human
disease, it is less likely that cerebral symptoms will develop, since
it is seldom that a pig will be allowed ta live to that age before
slaughter.  MacArthur also states that it is his belief that eysticere
while alive, usually enjoy a relative tolerauce an the part of the
host, but that after their death they act as foreign irritants and
bring about the degenerafive changes in the fissues of the hanan
host,  He makes it clear that severs pathological chauges of the
infected tissues only appear a number of years after initial infesto-
fion.

Some of the older writers, however, have recorded severe consti-
tutional disorders in pigs. Gréve, acenrding to Nenmann, reporfed
that he noticed in many measly pigs an increased sensitiveness in
the snont, which prevented their Lurru\\'irm. I eating grain off &
hard floor they avoided contact with that part as much as possible,
by raising the nose amd upper lip and prelieuding the food with
their tongues. Tapped slightly on the end of the nose with a stick,
the measly pig squealed with pain, while o healthy pig would remain
iimliﬂ'tirpm. Very measly pigs had the suout more or less soft and
Hneeid,

In a pig suffering from gross infestation with measles, Sabotta
1880) observed complete paralysis of the tongue, which was invaded
w o eysticerci.  The prehension of food was, therefore, impossible,
“and the animal perished from inanition . Florman (1819) saw
o very manifest furning round in cireles in o case where eysticerci
were located 1n nerve centres. Rehrs (1842) witnessed epileptiform
convulsions, grinding of the teeth, ptyalism and rabid-like vertigo.
At the autopsy Rehrs found in the cerebrum and cerebellum an
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enormous sumber of Cystieered, * several of which were of excep-
tional size . Rabid-like symptoms were also unoted by Foucher
(1874).  Vertigo and a form of blindness in which case the brain
was softened and contained more than a hundred cysiicerci, were
ohservations made hy Neubert (1861). Lippold (1875) had a ease in
which the pig died after presenting all the symptoms of encephalitis,
On post-mortem twelve Cysticeree cellulosar were found o the pia
i ter.

Neumann mentions that in chronie and generalized infections
pigs may be feeble, easily put out of breath, have difficulty in
following (he herd, may later develop disrrhoen, foetid Treath,
prostration, then death.

Hutven and Marek mention that in very severe infestations
stimilar symiptomis to those desevibed above, wmay appear, aod i
addition howrseness may result owing to involvement of the laryn-
geal museles, (11 is perhaps ]um:hlu that in some of these cases,
the pigs were also infested with Zrichinella spivalis, which is known
to eause musenlor wenkness und partienlarly hoarseness.)

Daubney (194G) mentions o case which, quite recently, was
hrought tn the Veterinury Research Laboratory, Kabete, Kenya
Colomy,  The affected animal was Tevered and showed all the ¢linieal
svmpioms of acufe wuseular eliewmatisne, 1t experienced consulerable
difficulty iu rising, and any movement or manipulation oceasioned
pain.  Post-mortem, the careass was found to he grossly infested
with vinhle Cysticercd cellulosae, wml the infestation, aceonding (o
Daubiney, ©* had undoubtedly been responsihile for the elinical mani-
festations '

Clinteal symptoms are not likely to be noticed ar abattoirs, since
pigs are generally slanghtored within twenty-fomr hours of their
arvival. [n practice no cases showing clinical symptoms of vonsti-
tutional derangement were observed at Bloewlontein, although in
some dressed careasses infestution wus so heavy that havely spaces
of 5 mm. could he found hetween the measles. Tt was, however,
noticed that on rare vecasions (he Hesh of heavily infested earcasses
hiad w pule coloar and was slightly dropsical.

In living cases the disease is generally recognised ounly in cases
where the parasites ave sifuated in o visible mucous membirane,
e, in the conjunefiva of the eye, or in the lens.  Externally
cysticered may sometimes he seen or felt with the hand 1o the tongue,
wostly at the edges on the nuder surfuce, or in the fraenum lingnae.
Sometimes also egstiverci may he felt in the folds of the recton,
or in the anal ring. In }lt‘tl\'ll\ infested pigs cysticerci may be seen
“ bubbling " out of the perineal region, with the first ineision of
initial dressing of the caveass, but ante-mortem they are diffieult
to palpate in thal region. Inspection of the tongues of pigs for
measles has heen practised since the days of Aristophanes, was
commonly practised in Germany and in France in the Middle Ages,
and is proctised in most countries, where porcine exsticercosis is
a comimon disease, at the present time, Tongue II'HpP(.IIUtI 15 0
common practice of South African farmers, some of whom consider
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thewselves experts and have actually told me that only a certain
percentage of their pigs reach the Bloemfontein Abatioir, since
they withold all pigs found to be measly by means of the tongue
inspection, and they sell such pigs to their natives, instead of
providing us with o much material for our by-produets department.

The South African method of inspection consists of the follow-
ing: The pig is thrown onto its side. Taking advantage of its
squeals, a stout stick or plank is forced between the jaws, und with
his hand wrapped in a towel or cloth, the farmer grabs the tongue
pulls it out of the mouth and examines it. His native attendants,
meanwhile, use the stick ss a lever to hold the mouth open. The
Serbion wethod of inspection, according to Kukuljevie (1906G). was
almost identical 1o the South African method,

That measles can only, with certainty be diagnosed in very
grossly infested cases, is shown by the following observations con-
ducted at Bloemfontein Abattoir, where we instituted a three months’
inspection of living pigs’ tongues.  During that period exactly 25
per cent. of the total measly pigs sluughtered showed oysticerci in
their tongues.

Narvearn Isvecrios o¥ ok Prs,

The pig is naturally a scavenger and hrower, and may almost
be termed omnivorous. When wol confined to a sty. its natural
instinets are to haunt fhe precinets of rubbish heaps, manure and
exeretum dumps, latrines and the dirtier parts of the farm-yard.
In the more primitive parts of Sonth Africa. among Ewropean as
well as native habitations, pigs frequently have the run of the
farm-yord, and may even enter the kitehen or native hots,  On
many farms latrines or privies arve neither provided for Europeaus
nor natives, wnd in the vicinity of native huts, or in the rural
locations and reserves such commodes ave quite unkoown. The
primitive and anhygienic farmer, and nearly all natives will walk
barely a hundred yards from the homestead i ovder to periorm
their natural fonctions.  That type of farmer (fortunately heeoming
more scaree) or native very rarely takes the trouble to sty his pigs.
The only feed which is provided for the unfortunate pigs consists
of un oceasional rvation of pumpkin, a few mealies, potato peels
and other rubbish from the kitchen, and forther the pigs must
fornge for themselves,  The wost natural vesult is that the pig will
follow its owner and act as an * efficient scavenger . Tt is well
known that among many of our so-ealled ** Poor Whites " this
mode of seavenging is enconraged. I was once fold that privies
on farms were nunecessary evils, since they stank and encouraged
flies.  That particnlar ** farmer ' and his entire household used
the rear of a quince hedge close to the homestead, since it was far
“ cleaner and the pigs eleaned up everything ™.

In the western Cape pigs are (requently driven to pick up
acorns under the beautiful old oaks on the farms. Unfortunately,
at the same time the farmers’ Cape Coloured servants select the
shade of those oaks as lavatories. Heavy infestation among Cape
pigs frequently follows.
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Le Coultre (1928) relates a similar state of affairs among the
native Balinese. He picturesquely describes the remarks of an old
Headmun who stated that he merely whistled for his pig to come and
clean up his excretum. Excepl for the faet that the primitive ones
among our South African farmers and natives have perhaps not
trained pigs to follow their whistles, there is very little difference
between onr most primitive farm hygiene and that of Bali.

~ Undoubtedly a similar state of affuirs must exist in the more
primitive parts of Russia, Serbia, Lithuania and other parts of
Furope, where the incidence of €. cellulusae is still high.

Commenting on the usual heavy nature of infestation in pigs,
Veenstra (1921) asks the following questions: ' Does o pig gener-
ally become more heavily infested than a bovine?  Or do the eggs
develop more veadily in the pigs’ bodies than in those of bovines?
Or do move 7', saginate pgas get lost into the soil ®™ e then adds
that pigs are less particular than bovines in picking up their food.
Veonstin's gueries con he elucidated by the fact that proglottides
of 1. solvwm arve voided in chains, seldom singly, and ulthnup;h the
majority of the egges wmay eseape from the proglottis, the contact
intestingl faeces ol the hmman host must, therefore, probubly earry
more 1. solinm eggs than would be the case with 7. saginata, where
segments are voided singly and sometimes spontaneously. o other
words, move Taenia solium proglottides hecome gravid and ** vipen "'
al n time than those of Taenia saginatu. It stands to reason, there-
fore, that the voracious pig, in ingesting, as it commonly does, an
entire human stool, will take in wany thousands of ova.

Inlection of the pig with €. cellulosae can ouly result from the
ingestion of ova of 7. selinm, most frequently obtiined by the
ingestion of entive stools, or from the ingestion of ¢xerveted gravid
proglottides in which ova may be present.

Unfortunately, infection of pigs belonging (0 serupulously
particular farmers way ovcasionally result, owing fo the wantonness
of their native swine-attendunis. Three such instances oecurred in
ithe Bloemfontein Distriot within a few weeks of eaeh other, during
the past yvear. Each of the three farmers conld be clussed umong
the foremost pig breeders in the Province, and when measles were
found asmong a number of their respective pigs, their faith in the
theory of the mode of infection was rudely shaken, One of them
told me he could not believe it, since his pigs were serupulously
stied and fed, a fact of which 1 had already full knowledge.

I told each farmer that [ was sure one of Lis oative stalf had
been velieving himself in his sty, and advised them to keep u cuve-
ful wateh. It was not long after, when two of the three farmers
enthusiastically told me that each had canght a native, one of whom
actually earried tapeworm, in the act. What those two farmers
did to their respective nalive culprits was not mentioned, hut can
well be imagined!

According to Gerlach infection of the pig occurs more readily in
the young subjects, e.g. up to half a year old. On the other hand
there are not many records of infection in sucking pigs. The reason
for this may be that sucking pigs remain with the dam, and their
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diet consists mainly of milk. They are, however, not scaveugers.
Unlike infection of the bovine with €. bovis, intra-uterine infection
of foetuses with (', cellulosae has seldom or very rarvely lieen recorded.
Hervieux (1838) recorded a case in sucking pigs. ** The sucking pigs
were found affected with measies—two in a litter of twelve.”” He
further hiuted at prenatal infection: ““ A sow that was reared by
the writer, was mated to a very healthy hoar, and the former bore
six measly sucklings *'.

At Bloemfontein our vecord of the youngest mensly pigs was
10 weeks. In Decenther 1934 we found four out of a consignment
of six swall sucking pigs, 10 weeks old, to be heavily infested with
mature viahle mensles,

Diagyosis asn DievvgeNtin Discxosis or Coornnrnosae v Pork,

Iy ante-miorton enses, excepl for the examination of the tongue
already deseribed, there is no practical method of dinguosis.  Sero-
logical tests have Leen tried, hut arve not specific anid are not practical
under ordinary conditions.  Spavapani (19195) tried precipitin tests,

On post=mortem examination, or g practical west inspection,
there s veally only one parasite whieh way he coufused with .
eellulosae, viz, C. tenmreollis, the immature stuge of 7. hydatigena
(marginata) of the dog. As a general rule the latler cysticercus
does not develop in muscles, mud is most frequently found under
the Tovee sevous membranes, the peritonei mu|| pleuru, and chiefly
in the muentum, mesentery and liver. s size wmay vary from that
of & pea 1o that of 4 tennis ball. When sitvated in the parencliymn
af the liver, if moy be confused with €. cellulovae, since its size
is rostricted, seldomy exceeding that of a pea  Older text-hooks il
writers maintained that €. teawicollis was uever found in muscle
fibres.  Recently Mannig (1934), referving to some Ameviean liters-
ture, stated that * Cysticerer (tenunicollix) developing in muscles
iy not he so large and have possibly sowetimes heen mistaken for
C. collulogee . larger \"t‘Sit'lll's, e those fonnd wnder serous
wenbraues, on the omeninm, ete,, are filled with Auid, may he
quite Haeeid, and are hardly likely to be mistuken for €. cellulosae.
These larpor eysticerci evaginate the scolex very eusily, amd reveal
u seoles with an unusually long neck, feom the end of which hangs
the fablby Lladder. The evaginated scolex may he studied and will
reveal a rostellun bearing two rows of hooks numbering from 206-44
(ef. €', ecellulusar 22-32).  The larger hooks are 0017 to 0-22 mmn,
long (ef. € eellulosae 0-16 10 0-18 wm.) and the smaller hooks
011 to 016 yam. (ef. €. cellwlosae 0-11 to O-14 moun),

The hooks of (7. cellulosae are wore curved (sickle-shaped) than
those of . tenwicollis (sexthe-shaped).  According to Von Ostertag,
the root process of the smaller hooklets of (. cellulosae has no
cleavage as is found in that of €. tenwicollis.  In the 1913 edition
of von Ostertag’s * Mandhook of Meat Inspection ™" mention is made
that ** Schwarz examined 1.000 specimens ench of €, cellulosae and
C. tenuicollis. He noticed that in €, tenwicollis as a rule one or
more small hooklets were demonstrable, the basal process of which
was bifureated. In the thousand specimens of €. cellulosae examined
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by Sehwarz this was not the case in a single instanee.  Reissmann
has confirmed these observations "', In his 1994 ** Text-book of Meat
Tuspection "', however, von Ostertag mentions that the small hook-
lets of €. tenuicullis are characterized by their bifid form, “* but it
must he noted that in the swall hooklets of €. vellulosee there is
also a division through a wedian ierow ™

Manegold (1931 showed the tremendous varintions letween the
number of hooks, predilection sites awd size of O, cellulosae, C. ten-
wieallis and €. oreis yuoted by different fext-books anl authorities,
I order to establish a differential dingnosis he found that 42 hooks
were the commonest in 500 €, fepwcollis seolices, not 36-838 as wis
frequently quoted in wmany text-hooks. I the majority of pases
(996G per cent,) 2836 hooks were fonml,

It is very unprobable that €. cellulosae will be confused with
any  other pathological conditions, bt the following have been
mentioned in the diseussions on differential diagnosis : —

(a) FEeltporoveus oysts. These either have no scolex (sterile
form), or numerous hrood uapsules. each with many
scolives,  The cuticle of the Kelhinveoceus is thick and
concentrienlly laminated.

(b Caleified €, cellulosae wiay (very tmprobalily s be contused
with ealeified  Sarcosporvhio-Sarcocystis  mieseheriana.
These parasites may be about 4 wm. long by 3 wm.
wide, readily undergo ealettiention, and wve the common-
est form of ealeareons coneretion in the musele fibres of
swine. They are especially found in the abdominal
muscles and the diaphragn.  (They are more likely 1o he
confused with Tirchinellie spiralisy  In unenleified speci-
wens the sickle-shaped sporozoites may be demonstrated.

() Small actinomyeotic nodules may possibly be taken for
Cysticerc: cellulosae.  In aetinomycosis radiation of the
mycelinm may be demonstrated microscopically.

h Tubierenlosis of lymphatic glands may be confused with
caseonus eysticerer in those lovations,  Migroscopical exam-
ination will settle the diaguosis,

Desd (caseons) €. cellulosae may be identified wmicroscopivally
Ly demoustration of the characteristic caleavenus corpuseles aud the
nature of the hooklets.

Vosgien (1911) mentious two wethods of identifying €. cellu-
losae in sausages and other mineed ments,  The first is that of
Schwidt-Mulheim, in which the produet is warmed to 409 €. in
G to 8 tiwes its volume of a 1 in 122 hydrochloric acid solution.
(ystivercd with hooks resist this treatment and become visible.  The
second is that of Rissling, who employed a soda solution,

Isrperron wrrn CysTICERCUS CELLULOSAE OF OTHER ANIMALS,

The only other animals in which infection swith Cysticercus
eollulosae need e diseussed are man, the dog and the nwonkey.
Muman cvsticercosis will receive consideration later in this work.

Infection in the dog has generally been accepted as a scientific
faet, wherens until 1936 few authentic cases in the monkey were
vecorded. Tn 1936 Walker recorded what he believed to Le o definite
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case of (', cellulosae in a wmovnkey. He mentions that the monkey
is cited in many seientific books as an intermediate host of Taenia
solfwm but in actual fact the condition in that animal has extremely
rarely, authentically, been found, Medical literature during the
past 20 years has been silent on that subject, and the only other
records which Walker could find were four cases mentioned by
Vosgien, the one found in the eighteenth century, and the wther
three in the nineteenth century.

Relating the case history of his subject, Walker reminds us that
the exact ineidence of infection in monkeys will not be kuown wntil
post-mortem  examinations are systematically performed on large
colonies of monkeys, over a prolonged period of time. His subject
was an immature Wecaca mulatta, bought from au eastern animal
dealer.  Enguiry from fhe dealer led to the information ** that the
auimals in that lot were from Lucknow, that several had worns, got
very skinuy, and eventually died "', Appuwrently the type of worm
was not investigated. A large Hap of bone was turned down on the
left side of the skull, with the infention of stimulating the cevebral
cortex, but upon opening the dura mater ** quite unexpected
pathology was found "', ** Both in the subdural and subarachnoid
spiaces were numerous eysts ranging in size from 3 mu. to 15 mm,
'lllw.-w i the subdural space were so loosely attached that when the
dura was opened they fell out. Even those in the subaruchuoid
space enucleated readily when the arachnoid was wicked.” On close
examination Walker saw several cysts within the hrain substance,
partially covered by the cortex, After this le killed the monkey
and did a complete post-mortem  examination.  He found  that
practically every muscle in the body contained one or more eysts,  He
gives the following description of his obervations: ** The museles
of the back had mauy; those of the extremities likewise were studded
with cysts. Even the intercostal muscles and the diaphragm had
evats.  Two eysts were found within the heart muscle. The liver,
spleen and both kidueys contained typieal evsts. There was no
evidence of any primary worm from which the infection may have
arisen.”’

Walker then proceeds to describe the microscopical features of
the <colices of the bladderworms. He points out that the severe
pathology of human cysticercosis was not observed in the monkey.
When the seolices were examined under the wicroscope ** four
suckers, surrounding the rostellum with o nwmber of hooklets ' were
seen.  The actual number and the characteristic features of the hook-
lets were mot wmentioned, and this fact may be cited as the main
argumment ugainst the diagnosis of Walker, who mainiains that he
had dealt with a typical case of €. cellulosae. He, somewhat ineon-
clusively, unfortunately, claims that ** the presence of both suckers
and hooklets on the scolex serves to define the larva as that of the
Taema solivm.™

Nevertheless, Walker has apparently beeu the fivst author in the
last 50 years 1o have described a case, which to all appearances may
be accepted as a case of generalized Cysticercus cellulosae in a monkey,

If Walker's disgnosis is scientifically correct, it is quite possible
that, as he has pointed out, the incidence may he higher than has
been antivipated among the various species of monkeys. In South
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Africa it has been noticed that most tamed monkeys are scrupulously
particular of their food. In the wild state it may be |m.~ts_i'|:lv that
monkeys will eat human exeretuni, especially if other normal foods
are searce, and ova of Taema solhiwm way be consumed by the
ingestion of contaminated roots, herbs, ote. It is alse not at all
unlikely that human beings may contract Laenia soliwm through
eating measly monkey flesh, sinece in South Africa several native
tribes, .z, the Amaxosa and some Bechuanus are very fond of monkey

Hesh.

It is an old accepted fact that Cysticercus cellulosae does, with
varying incidence, occur in the dog. No doubt (he ineidenve of
infeetion with Taenie solivm among humans, as the result of eating
dogs” flesh only oceurs in eastern countries, but universally dogs are
susceptible to infection with Cysticerens cellulosae as the result of
ingestion of human exeretum containing ova of 7. solinvm.  As far
as 18 known only two cases of canine eysticercosis have been observed
in South Africa.  Two hrains of dogs suspected of rabies were found
ut the Oderstepoort Laboratory to contain many €. cellulosae, These
brains were forwarded by Field Veterinary Officers to be examined
for ralies, but both were negative tor that disease,

[nteresting statistics may have been brought to light if it had
heen possible to hold antopsies on all dead ronming dogs, especially
the so-called ** Kaffiv dog ** variety and scavenging and marauding
farm dogs. 1t obviously does not follow that hecanse in ecountries
where dogs' flesh is not eaten, and man will not econtract Taenia
soliwm. from that source, the converse infection of the dog with
C. cellulosae, through eating infected human exeretum may not result.
Walker's remarks, therefore, regarding the possible fairly high
incidence of cysticercosis among monkeys are equally applicable to
dogs, if a thoveugh survey conld he made in parts of BEurope and
Awerica, Asian and Afrien, Continents in which 7. solivm is still
fairly common.

It is quite possible that the early Phoenicians, who ate no pork,
but were very fond of dogs’ flesh, may have contracted Taenta solium
from measly dogs’ meat.

Poisson (1930) recorded a case of € ecellulosoe in o dog in
Madagascar,

Undoubtedly, clinical symptoms are more appurent in dogs [han
in pigs, md cases resembling human cysticercosis, with its accom-
manying cerebral, nervous and ocular symptoms have been vecorded
L_\' a number of writers, The main veason for this may be attributed
to the fact that in general only such dogs which have shown rahid-
like signs, epileptiform symptoms, blindness, ete., have heen auntop-
sied, and for every one of those cases, many hundreds of eases of
ardinary intra-muscular eysticevcosis may have passed unobserved,
that is, the dogs have eventually (hed uatural t]ths and been buried
or discarded into the eubbish bin, without further examination. On
the other hand, in cases which have definitely been autopsied, eysts
have most commonly been found in the brain in dogs, and less
frequently in the conjunctiva, iu the eveball, suh-rvtinﬁﬁ and in the
genernl intramuscular tissue.  I'rom cases actually observed, the
brain may, therefore, be cited as a ** predilection site ' in the dog.
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Among many others, Ball and Marvotel (1903), Leshre (1882),
Repiquet and Salvatori (1906) and Van der Slooten (1892) recorded
cases of canine cerebral eysticercosis, Rivolta (1865) found cerebral
cysticercosis in u dog which died suddenly from epilepsy, without
baving shown any evidence of previous illuess.

Vogel (I870) autopsied and found Cysticerer cellulosue in the
eves of a dog which had gone blind.

Siedamgrotsky (1871) recorded a case which was suddenly seized
with cramps and convulsious, especially of the jaws: ** then it had
fever, prostration, accompanied by vertigo and delirium, amd death
occurred during the dayv; 23 ecysticervt were found lodged in the
superficial part of the two cerebral hemispheres; nothing abnorual
was observed elsewhere,”  Leshre (1882) described a cuse in which
the dog had been parvalysed for two days, bnd for o long time
previously it had ** grinding of the teeth, was excited. and had atfacks
of vertigo . On post-mortem 30 to 40 Cysticerce rellulosae were
found in difterent parts of the hrain.

Greneralized intra-muscular eysticercosis was deseribed by Dufonr
and Gacon (1889), who found egsticerer in the neck museles, the
tongue, the general musculature, the heart and the langs.  Leblane
and Meguin (1873 found cysticeres in the neck, the liver and the
pancereas.  Suffran (1909) found o nwmber of small swellings in the
skin of a four years old fox-terrier dog. On mivroscopie examination
the swellings proved to be €. cellulosae.  Trasbot and Waillier (1887)
examined numerous canine eysticeret and found that they were
identical with those of pigs. They confirmed the fact that dogs were
losts of Cysticercus ¢.‘r3}-ufa.fmf.

Most recent reports of cases of canine cysticercosis cellulosae
originate from Asia,

Rao (1933) writes that (", eellulosae ocenrs in the pig and in the
dog in the Madras Presidency of India.

Meyer (1933) records that dogs are frequently used as food
animals tn the Bataklands, Resideney Tapanoeli, Dutel East Indies,
In the Sub-division of Toba dogs are slunghtered 1o the abattoir and
the Hesh is sold in bagaars.  Whilst inspecting dog carcasses for
Trichinella, Mever found Cysticerce collulosae in a dog.  The cysts
were mainly ju the heart muscles and had the sine appearance as
those in pigs. Later he found four more cases, e points ont ihat
in that part of the Duteh East Indies dogs eat huwman exeretumn as
veadily as pigs o,

Bergeon (1928) reports cases of cysticercosis in dogs in Hanoi
(Tonkin). In 1919 he first discoveved eysticerci to be the cause of
rabid-like symptoms in a ten-yvears-old dog. After that he caused
all dog carcasses to be examined in their © Section ', and found
138 cases of Cysticercus cellulosae between 1919 amd 1924, Bergeon
accounts for the high incidence of canine cysticercosis hy  the
frequency of taeniasis among the Toukinese. The natives arve readily
infected with Zaenie soliwm owing 1o their habit of eating almost raw
logs” Aesh, which has been lightly smoked over o straw fire.  All
Bergeon's cases were (', eollulvene and no case of €. boris was found
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in dogs, althongh 7. sagimata is relatively common among the natives,
Bergeon recommends that meat inspectors in the Far East should
carry oui systematic inspections of all dog carcasses slaughtered.

C. Infestation of the Bovine with Cysticercus bovis,

As far as seteutific investigntions have gone, the Cystivercus boris
has only been found in the bovine and, very ravely, in man. Older
writers have recorded measles resembling as they thought, €. bows
in antelopes, deer, ete., but they were probably mistaken, awd very
likely the cysticerer they encountered were armed forms, e.r. the
Cysticercus corei in deer, vr kindred forws.

Practically and scientifically we may, theretore, regard the
hovine as the only domesticated suwimal which harbowrs the inter-
mediate stage of the Taenia sagmata.

Ditestation in the adult bovine is usually of a very Light nature.
Most observers, throughout the world, have in routine inspections
encountered but a few cysts in infected cavensses, or in the usual
inspection incisions, and, exceptionally cases of gross or Light
generalized infestation have been met with, The present aothor has
never yet come across g ocase in which infestation 1o any way
vesemhled, in severity, that of 4 grossly infested pig cireass with
O cellulosue,  Newmann, however, quotes J. Fleming, who counted
300 living eysticerer iu a pound of psoas muscle,

Prenivecrion Svres.

Owing to the watwre of bovine infestation, 1t is justifiable fo
regard certain locations as ** predilection sites . It 15 quile
impossible to incise a bovine carcass at randon, and, for that reason,
Regulations lay down certain  inecisions in which cystieerec ave
frequently found. The incisions are to bhe made into muscle groups
where as little mutilation of the carcass, as possible, will vesult.

Between Ist May, 1936, and 3lst January, 1997, twenty-five
hovine carcasses were totally condemuned at the Bloewfoutein abattoir,
By minutely disseciing these carcasses, an opportunity was afforded
to study the predilection sites, especially in those poriions of the
carcass which usually escape ineision.  These operations entailed
good deal of time and work, but it was felt that a true and repre-
sentative survey of the most common sites of infestation could only
he muade by carving a series of condemned cureasses into as thin slices
us possible,

It is admitted that a more comprehensive idea and <ummary
would be formed only atter about a hundred or wore careasses are so
treated, huat, on the other hand the ratio of light infestation to heavy
infestation in South Africa is about 10:1, and grossly measled
material in an abattoir of the size of this, is relatively zearce. 1n
addition 1o the observations in fhe 23 heavily infested carcasses,
records were made in 1173 conseentive liglitly infested caveasses.

Le Coultre, during his ohsevvations in Bali in 1927, was afforded
the unigue opportunity of boning every infected carcass, and thus
studying  predilection sites,  Under Luropean conditions we are
precluded from emulating Le Coulfre’s investigations.
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A fairly comprehensive idea of the most commonly infested
muscle groups may be obtained by reference to the subjoined table,
which shows the numhber of measles which we found in each group,
in 25 carcasses af Bloemfontein.
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Judging from  the foregoing table, in 25 heuvily iufested
carcasses, it would appear that the hind limbs harbour the most
parasites,

Out of a 1otal of 1.498 measles found in the 25 animals—
("D426 measles were found in the hind liwbs in 25 animals;
("422 measles were found in the shoulder and elbow in 25 animals;

199 measles were found in the external masticatory museles in
24 animals;

(") 98 measles were found iu the cervicals and hump in 20 animals;

(") 72 measles were found in the external vertebrals, ete., in I8
animals.

(**) 38 measles were found in the extensors and Hexors of carpus in
13 auimals; 44 measles were found in the internal mosticatory
muscles in 20 animals:

(*) 45 measles were found in the external thorseic and intercostals
in 11 animals;

42 measles were found in the tongue and its muscles in 8 animals;

28 mensles were found in the oesophagus and its wnseles in
a3 animals;

26 measles were found in the psoas muscles in 8 animals:
2] aneasles were found i the heart in 10 animals:
(7Y 21 measles were found in the sternal museles in 8 animals:

L8 mieasles were found in the diaphragm in 5 animals.

In fwi cases the total number of 433 weasles was found. thai is,
328 in one carcass and 105 1o the other. A more vepresentative
average wonld be arrived at by subtracting the 433 measles from the
total of 1,498, thus giving 1,065 measles in 23 carcasses, an average
of 4-3 per carcass.

1) Stevnol woiseles grop anelnded soperficial and deep poctorals.

*) E.rfw'ffm’_ Thuriteie .ami’ Totercoustal growp inelnded Posterior l]t'u]l_ pectaral,
Latissinnus dorsi, Seeratus ventralis, External abhdominal obligue, and
latercostals praper,

(" Cerereals wmd Mgy growg ineluded Trapezios, Omo-transversarins, Upper
Brachio-rephalic, Rhomboidens,

(o Feternal cectebival mnselvs gronp inclinded Serratus dorsalis, Tongissimuns
costaram, Lomgissimus dorsi.

Uy Shaudder and Elhow greoup inclunded all museles on the lateral apd medial
aspect af the ghoulder and humerus up to elliow.

U4 Eatensors and Flewors of Carpus geoup ineloded Extensor (-nl'vi radinlis,
Extensor digitalis communis, and lateral and medial Digital oxtensor,
and Superficial and deep digital flosors—all from elbow 1o curpas,

(U9 I this gronp were included all moscles of the hind limbs,
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It will be noticed that eystreerer were found in the shonlder aml
elhow and in the thigh museles of ull 25 cases. In 24 out of the
25 cases measles were found in the external masticatory museles. The
fact that less than half the number of messles was fouwml in this
group compurel with the shoulder and the thigh, may he aseribed
to the fact that in the latter pairs very large groups of muscles were
dissected, whereas the sections of the masseters were considerably
smaller.  Statisties sueh as those shown iu the table way, therefore,
be misleading. 1 guite agree that the group of muscles koown a-
the mmstivatory (nternal and external) wust eertainly he considerwl
as o most important predilection site, and in Bloemfontein it was
extremely rare that wo measles were found in this group o an other-
wise muensly careass,

The analvsis formed by our caveful dissection hus hrought to
Light the fact that the Wind gquarters of beel ave as impartant from
the point of view of measles location, us the fore quarters. 16 s guite
possible that numerons measly carcasses may escape detection hecnuse
no provision is aade in Regulations for the incixing of any part of
the hind quarter, exeept the psoas waseles, which, as our tuble shows.
cannot be vonsidered a very important predilection site.

In view of the compuratively frequent and heavy vature ol
infestation of the hind lmbs, it was further decided to record the
actual groups of muscles of the hind limb, in which measles were
found, in the List sis earcasses we dissected. The following was our
recording : -

Crupenrse Noo 20—Sixteen measles in hoth hind hohs, Muscles

Semimembranosng 4 measles,

Biceps femoris, lateral vastus, semitiendinosus
S measles,

Adiduetors 4 measles,

Crrcnss Voo 21 —Twenly-eight measles in hoth hind linbs.

Gracilis, Adductors and vastos medialis group
12 measles,

Semimembranosns 1 omeasle.

Semitendinosus 5 nieasles.

Biceps lenworis and Tateral vistus 10 ameasles.

Careass No. 22 —Sixteen mensles in both hind Labs,
Greaeilis and medinl vastos 5 measles.
Vastus lateralis 2 mensles,
Roectus femoris 1 measle,
Semifendinosus 4 meuslos,
Adductors 4 moeasles,

Careass Noo 28 —"Thivty-nine ensles in hoth hind Hiibs.
Vastus  medinlis,  Peotinens  amd  Quadralus
femoris 21 measles.

Biceps femoris 1, lateral vastus and Semitendi-
nosis Y mensles.,

Adductors 9 measles,
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Carcass No. 24— Nineteen weasles 1o loth hind limbs.
tilutens medialis 3 measles,
Gracilis amd adductors 5 measles,
Semitendinosus o measles,

(rastroenemins (feshy belly of lateral hewd) 4
]'Ilt‘ﬂsll‘ﬂ.

Carease Vo, 25— Twelve mensles in hoth hind Lmbs,

Medial vastus 3 measles,
Biceps iemoris, reclus  femoris,  vostus
lateralis 7 mmmim‘.

Adductors 2 mensles.

Leowill e moticed that measles were found in the adductins ol all
six cntensses (twelve hind quarters) observed, Tt st D canplisised
that the adduetors and most of the other lurge museles on the sedial
aspect of the thigh should be considered very tmportant locatiogs for
Cysticerer bods, The large musele wraups on the laferal and postenor
aspects ol the pelvie limb are also tmportant sites, bhae 0 wonlid he
impracticable to ineise into them in ordinary weat inspection, withom
wrossly mutilating the carcass.  On the othey hawd the writer found
that an ineision parallel to and about oo ineh below the pelvie
symphysis, deeply into the addactor wnsele, did oo waterial danmge
tu the appeavance of the gquarter,  The incision caineides, imore or less,
with those which butehers moke o their shops o eutthing ap the
steanks,  The opinion of one of the loeal lmta-‘mrs was asked as o
objections which might be raised against possible mntilation of the
guarter by the making of such an ineision, and he veplied naively:
* We will not object to the eut being made, hut will he very annoyed
il that will lead to your finding morve weasles "' Practically, the
incision i= bhest made while the eareass s <till on the Hoor, just alter
the ahdomen has been apened and the pelvis eleft. T the iueision s
to bie made after the caveass has been hoistod, et inspectors will
have (o stand on ladders, When made on the ground, the el sartaees
gape apen, but when the careass is hoisted, it is diffienlr fo see ino
the ent, and o hook is l'l.'qllirlld to ]m“ the twi surtuces apurt, Several
measles were foumd in an ineision about an inch helow the pelvie
sviphysis anto the adduetors, i careass Noo 28, deseribisd alove,

In the subjoined observations ol various workers, it will be
noticed that very tew writers in Europe mention incisions into the
shonlder-elbow museles or the thighs,  Two notalile exeeptions s
Buri ?ml Krupski, who worked in Switzerland during the Great War
period,

Theve can he hitle doubt that the vecorded ineidence of hovine
cysticercosis will become considerably higher, if our co-workers u
Furope were fo tnvise into, eog. the feeeeps bracko and the adiuetor

Working on Bali  Island, Le Cooltre found  1.397  wmeasly
carcasses, He divided these into three groups: —

L. Cysticercr in head only, in 848 cases.
2. Cysticercr in head and carcass, in 300 rases.
S COystivcerver o corenss only, in 199 cases.
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I Le Coultre had followed the eustom of inspection of Holland and
of Germany, he would have missed the 199 measly cases entirely.

1t will also be moticed that those writers, who were probably
privileged o dissect the entire carcasses, chiefly refer to the museles
of the hind limbs and/or those of the fore limbs as predileciion sites.
(See Hammwer, Teppaz, Valade, Claverie, Alix, Le Coultre, Morot.)

Von Ostertag's expression ** the more you look, the more you will
find ' is very applicable to the meat iuspector’s search for Cysticercus
hovis.  The inspeetor's permitted range of incisions is too limited,
and althongh it may be felt that in the stundardized routine incisions
preseribed in South Africa, he will probably encounter most measles,
the possibility of undetected measles in the not ineised hind limbs
mnst not he overlooked.,

Reference to our table also discloses the frequency with which
mensles woere found in the vertebral museles and in the extensors and
flexors of the carpus,

1t is Luteresting to record that in none of the 25 observed cases did
we find measles in any of the viscera (except the heart) nor in any
rlands.  No measles were observed in the fut in these cases, nor in the

ruin, nor the eyeball.

The hump is very definitely a very common site for measles,

Exceptionally unusual infestations with measles have heen
encontered 1 South Afriea.

In 1945 we found more than 50 apparently viable measles in (he
tougue of an ox, and yet we failed 1o disclose o single measle m any
of the secondary ineisions preseribed by Regulations.  This vareass
wis not minutely dissected,)

Alr. Thateher, Health Inspector, Fort Beaufort writes:—

1 have specimens of mensles tound in bovines in the
kidney, submaxillary and inguinal Iymphatic glands, harvd far
of the heart and in some instances in ofher hard aml sofr fats
ol cattle.”

The Town Clerk, Kimberley, advised me that in one ense they
found measles in the lungs of an ox,

Mr, W, 1. Avwstrong, Meat Inspector, Vevheid writes: —

1 would say the tongue 15 the commonest site. 1 had a
[wvuliur experience about a year ago. While the auimal was
wing skinned, T noticed measles lying on the sarface side of
the shoulder and when [ did the shonlder eut nothing was to
he found, but found ithe head, tongue and heart heavily
infested.”

[t hus been mentioned that we also studied the predilection sites
in 11 consecntive lightly infested carcasses, It was impossible to
disse L those carcasses minutely, since, in nccordance with parvagraph
16 (2) and (3) of Section 115 of Aet No, 36 of 1919, as amended by
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various (fovernment Notices, they were subjected to fourteen days
freczing at - 109 (. We had, therefore, to aceept the number of
cysts found in the routine and secondary incisions as mdieative of
the commonest sites of infection.

Except in one case, in which a viable cysticercus was found in
the M. -Nmmwmlmasw. no incisions were made into the hind limb.
The measle found in the semitendinosus musele was encountered
purely accidentally. A small piece of this muscle had to be excised
from the quarter on aceount of bruising, and to our utter astonishnient
we found a viable Cysticercus boviy exposed. Not a single measle
was found in any of the secondary incisions which were subsequently
made. This was another instance in which coineidence fortunately
stopped a measly carcass from being passed as fit for human
consumption.

Iu recording the sites of infection in the 118 lightly 1:fested
carcnsses, we found ;—

Measles in the masticatory museles only, in .. . . .. 40 ciases,
Measles in the masticatory muscles plus shoulder, plus

TORSUEGH 00 ok rss AT vt et er TRl e DT e
Meusles in the mm(uatan muso]vh plus shoultlul'. |s1u5

R NN S U - A PRET RNEL TRt N L
Measles in the masticatory muscles plus shoulder plur-

psoas in .. ... . S Yo i N a3 L 5
Measles iu the mastieatory muse l¢-~. plus %hcmlulvr. only.

3, 1 e i s : 9B
Measles in the mas!i(-atury musl‘les plus psoas, unl\' in L %
Measles in the masticatory museles plus l"lmphmgm.

plus sternum in . W T RS L e :
Measles i the nm-ztu-nin'\ mu‘-vhu. plm chnphrnmn

plus shoulder ... ... .., ... ... R PR AN T
Measles in the masticatory muscles plus slernum

(brisket), only, in ... .., ... 0N & R G A v
Measles in the masticatory muscles plus heart in ... ... 2,
Measles in 1hie masticatory muscles plus tongue in ... 5,

Measles in the shoulder muscles, only, iu ... ... ... ... 10,
Mensles in the shoulder muscles plus tongue in ... i

o [* 0

Measles in the shoulder museles plus psoas in ... .. . W g
Maoasles 1n the Hll(lllltlt‘r muscles ]illih sternum (hrr-lwli

Al v PR AT PR i R PR R | LR
M :-ushea it lhﬁ tongue ]Jth the hemt 3 v b sisl

Measles iu the semitendinosus muscles, nuly. P g 2

Analysing the aetual unmber of measles found, and the variouns
number of cases, we found in the 113 carensses: —

Iu the masticaiory muscles in .. ... 94 coses .. ., 129 measles.
In the museles of the shoulder
U B R GO ;) LN TSR | -
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In the tongue ... oo oo oo v v L6oenses oo 17 measles.
T 3R ST MR NSO M . (AR 0 e S r
In the psoas museles ... .0 .o o0 & 0 Lo 4 is

In the sternal museles {l:rhl.pt) ¥ o5 wnras 4 2
Liv thio QRADPMEEEAN s st suvissoimss iwe: B gu.  ose ewa X
In the semitendinosus musele .. . 1 s ohs 1

Thus 1n 113 lightly infested carcasses we found 274 measles, Of
the 1289 measles found in the masticatory museles, 98 were found in
the external masticalory museles and 31 in the internnl voasticatory
musecles,

The ratio of light infestation to heavy infestation is veflectad in
the following statisties:—

From July Ist, 1934, till December d1st, 1936, 1,060
bhovine carensses were fonnd to be measly at the Bloemlontein
nhattair.

OF this number 953 carcasses were lightly infested, that is, they
were treated in the freezing chamber aceording to Regulations. an
107 were grossly infested, fhat is wore than six measles were foun]
in the incisions into the careass, excluding the head and the viscera,
or a totul of fen measles in the carveass, including the head and the
viseers .

Made wf Tnspection.

Regulations governing the inspection of careasses for measles
were diseussed earlier in Part 111 of this work, in the section dealing
with fhe routine inspection of pig carcasses.  or the inspection ol
bovine carcasses, the roufine is the sume as (hat of pig careasses,
except that the following provisiops are specifically nmtt*:—

Pavagraph 14 (@) includes o clunse which Lays down tha
the cheek museles of hovines shall be exumined by two or more
ltnear ineisions on the outside wnd a loear ineision oo Lhe
inside, which shall all he wade parallel to the lower jaw.

The meat inspector = nol anthovized (o wake o rootine neision
info the substance of the tongue, nnless he has found evidence of
mweasles 1w the routine ineisions, nor i= he allowed to make any
inspection iocisions, other than those lor the examination of the
Iymphatic glands, into the pelvie limb,

Variaus Authors on Predilection Sttes amd  Dispecting Teehwigue.

Up till 1888 very little was kuown of beef mieasles in Fuavope.
and hetween the vears 1883 and 1830 only four eases of bovine
cysticercosis were found at the Herlin abattoir,  About that time
Hertwig recommended that the museles of the pharvox should be
incised for the examination for rvinderpest, and ihis Ied to incisions
imto the internal masticatory museles, A namber of Illt'ﬂhlf“# wis
thus found. The method was further improved by Glage, who incised
the external masticatory nuseles and found still wore measles in
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those muscles.  This led to the first ** predilection sites,” discovered,
as van Oijen (1929) suggests, *° by pure accident ', Further obser-
vations led o the discovery of yet other ** predilection sites *'. for
example, the heart, the tongue and later the neck muscles.

Vou Ostertug (1913) oves the following table showing the
frequency with which beef measles were found between 1888-90 ai

the Berhn abattoir: —

L. To the mastieatory museles ... ... ... .. ... 10 360 eases,
2. In the heart ... ... .. oy daid o s e Tai e JIbL 2R TERORA
T B FOREOE ek L 50 Sto wr¥ Sends dad i chi wann 10l L1 SHBRE,
4. In the thovacic museles ... ... . o0 oo oo 0 In I vase.
5. In the cervical museles ... ... ... ... .. .. Lo eases,
Lo the generval musculature .. L L. v afew w300 10 S wiemE,

He mentions that with the exeeption of the heart, the vital organs
of cattle are not usually infested with cysticeres. Only in cuses of
extensive tnvasions arve the Ivmphatic glands, longs, liver aod brain
tifested,

Vo Ostertag uotes Morot, who found in an Afriean beef animal
that the iternal masticatory muscles were less strongly infested thau
the tongue and the heart, Cysticerci were also found in large numbers
in the wuscles of the shoulder, fore leg, back, rionp and hind quarter

(C'f. table of infestation in the 25 eases dissected at Bloemfontein.)

Flohii (1910) quotes Beunders, who found at the Groningen
(Holland) abattoir the following order of frequency of infection : —

(1) Heart; (2) Internal masticatory muscles; () Kxternal
musticatory muscles: (4) Tongue: (5) Diaphragm.

Le Coultre, during his investigations in Bali in 1927, had the
opportunity to dissect all infected bovine carensses.  Le Coultre had.
therefore, the privilege to compile w very accurate estimate of the
predilection sites from sctual observations of & number of careasses.
At the abattoirs at Boeleleng and at Denpasar the combined number
of measly eaveasses during 1927 was 937 out of a total of 3.810
slaughtered during that vear.

Mensles were found : —

In the masticatory muscles ... ... ... in 778 cases (83 %)

In the tongue .., ... _. B PP TRt || g 1} (Y (14 9,

In the shoulder museles ... ... ... ... ... in 114 (12 %)

I he wdduednrs ... e wee o peenas AT, (11-69)
TR Do T ) e S S | TR | T (T-6%)
In the imtercostal museles ... ... ... ... in 45 , (4:8 %)
Ju fhe vsoas WMUsEles cov oo vie wnvaie oo In0 42 ., (45 %))
In the infra-vertebral muscles ... ... in 36 ., (3-8 2))
In the stermal museles ... ... .. ... .., in 24 (2-6G9)
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Iu the diaphragm ... ... ... oo oo oo in 19 cases  (2:0%)
In the abdominal museles ... ... ... ... in 1T (148 %)
In fhatienrt - Li aon wan aar sy ane sie it M 4 (15 %)

He also found 5 cases with measles in the oesophagus, 4 in the humyp,
1 each helow the elbow and the patella, 1 in the brain and | in the
kidney.

Alix (1887), working in Tunis, found the following order of
frequency of infection :—Tongue, heart, muscles of the thigh, muscles
of the shoulder, croup, intercostals, pectorals and psoas.

Hammer wrote in 1922 that in former German East Atvica he
found the most important predilection sites to be:—The adductors,
the muscles of the neck, the tongue and lastly the heart. Hamuer
wis privileged to incise other parts of the carcuss than those preseribed
in customary BEuropean inspection technigue, According to Capt,
. J. Lowe, M.R.C.V.S., of the Department of Veterinavy Reience
and Animal Husbandry, Tanganyika, who wrote to me in 1936, the
chief predilection sites in Tanganyika at present are—(1) the heurt;
(2) the muscular mass of the upper part of the hind leg, e Biceps
femoris and Semitendinosus and also the Triceps of the armg (3) the
tongue; (4 the masseters,

Teppaz (1923) working in Dakar (Senegal) found the tollowing
order of frequency :—Cervical muscles, masticatory museles, heart,
liaphragm and adductors.

Vallade (1927) gave the following order of frequency as repre-
senfative of his observations at Hows (Syria).—Diaphragm, leart,
psons museles, masseters, adductors and cervicals,

Claverie (1928) found the anconeus muscle the most frequent site
of infestation in French Guinea. Lt is diffieult to understand how he
incised the anconei and found more measles there, than in the larger
superlying triceps muscles, in which group measles ure, definitely,
very [requently found. Claverie’s custom was fo make fwo incisions
intn the anconens musele on cacl side.

Prot, S. Yoshida of the Osaka Tmperial University, Osaka,
Japan, supplied a translation of a recent paper written by Nakanishi,
who found the following order of iu#w‘-tution in Korea; Heart
muscle 75 per cent. of cases; frunk museles 477 per cent. of cases:
tongue 300 per cent. ol eases; mastieafory museles 24-5 per cent.
of vases; diaphragin 20°8 per cent. of eases; lungs 1957 per cent. of
cuses: cutaneous muscles 1849 per ¢ent. of cases: vetina 10-5 per cent.
of cases; pericardial sae 91 per cent. of cases; gusteie wall 85 per
cent. of eases; lymph glands 65 per cent, of cases; vesophagus H-2
per cont. of cases; kidoeys 5°2 per cent. of cases: pancreas 3+ per
cont, of cases: hladder 3:3 per cent. of cases.

Nakanishi, therefore, gives a totally different order of infesta-
tion, and he found the masticatory muscles to be, relatively, of much
less importance as a predilecton site, than most European writers,
The comparatively high percentage of cases with pulmonsry, retinal
and lymph glandular eysticercosis is also worthy of nofe,
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Ransone (1911) deseribed the predilection sites observed in the
United Siates as Heart 70 per cent., masticatory muscles 47 per
vent. of eases.  Dr. Mohler, Chief of the Burenu of Animal Industry,
U oited States Department of Agriculture, informed me that the most
provilent sents of infection in the United Stutes at the present fime
ares (1) The wuscles of mastication.  (2) The heart.  (4) The wmus-
cilar portion of the dinphragm.

Veensten (1921) found the following order of frequency at
Awmsterdani: Out of 26 single measled cattle he tound the external
nasticatory muscles infested 16 times, the heart 3 times, the tongue
3 times, the internal masticatory muscles twice.

Reitsune (1930 found af Rheoden (Holland) the following ovder
of frequency: (1 Heart, (2) Left external masticatory muscles,
(3 Right external masticatory muscles, ((4) Diaphragm, (3) Lett
internal  masticatory  wnseles,  (6) Right  doteral  masticatory
minselos,

Reitsma mentions an interesting fact, to which he cannot aseribe
any reason, wonely that he, and some other ohservers have found
more measles ou the loft side (masticatory wuseles) thao o the right
side.  Most wuthorities maintain thut the majority of measles are
found near the edge of the jaw bone, but Reitsma and Veenstra dis-
acree with this view.

Vi der Slooten (1936) wrote that it was doubtful whether the
so-valled predilection sites were truly the most common sites of in-
festation,  He found that the hump was commonly os heavily infested
as the usual muscle groups inspected.  (Note that at Bloemfontein
we found 98 measles in the hump and corvieal muscles in 20 out of
25 grossly infested carcasses)

Buri (1915) and Krupski (1917 found the following order of
infestation at Berue and Liestal, respectively :—

Both observers: Masticatory muscles, heart and diapheagu.

Buri: Rarvely in the tongue, sternal muoseles, biceps fomaons
and intercostals.

Wrnpskiz: Rarely in the tongue, shoulder muscles, abdominal
muscles and gracilis muscle.

Funck (1930) pointed out that next to the wasticatory muscles
the oesophagus is the wost common site of infestation.  Duozing four
veurs' ohservation at Neumunster, out of 120 adult bovines with live
eysticeret, he found @ 105 eases of measles in the masticotory muscles,
I} cuses in the oesophagus, 5 cases in the heart, 5 cases in the
abdominal muscles and one case in the diaphragw.  Cysticerer thus
appeared in the oesophagus in 103 per vent of cases, and in all
these 13 cases only one live measle was found in the whole earcass.
In 1935, Funck recorded that in five cases he found weasles to he
extremely shallow in various fucial museles, the lips, ete., and not
necessarily in the usual sites.  Funek wdvised that these superficial
museles shonld receive carveful attention, e also maintained that
all ox heads should be examined on a table, so that the light could be
shone more veadily into the cheek cuts.
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Cattonea (1932) also found that the oesophagus could be consi-
dered un important predilection site of €. boris.  Out of 4 cases
investigated, he found measles in the oesophagus in 17 cases,

Muessner (1931 deseribed a case of a Geyears-old ox in which «
namber of eystirerer was tonnd in the sesophagus only, in Karlsbad.

Conssi (19393 fonmd ot the abaftoirs at Sousse (Tunisi that the
heart was (he most common site 1o be infested, during five years’
elose examinution. Out of 621 animals infected 524, ie., 8437 per
cent, showed cardiac eysticerei: 318, ie.. 512 per cent, showed
measles in the masseters: and 260, 1., 42°19 per cent., in the tongue,

Kroeger (1933) found the predilection sites fo be, in order ol
[requency :  Masseters, tongue, diaphragm and heart.  The heart
was infested in only 10 per cent. of cases,

Stengel (1942) advoented opening the pericwrdium o each cae-
enss, sinee he frequently found measles just helow the pericardiom,

The wecessity For careful inspeetion of the Liver for cpsticercr
has recently heen mentioned by Poisson (1934, by Buck, Laoaberton
wnd Randriambeloma (1995) and  previonsly by Sehlegel  (1918).
Poisson records o ease of infection with Taenia saginata in o patient
in Madagasear, as the rvesult of the ingestion of a prescribed raw
liver diet, Buck and his co-workess found two €. boreis in the liver
of weow.  Schlegel found a €. bovicin the liver of a cow. 1t was the
ouly easle fonnd in the carcass,

Professor P. G. Malkani supplied wme with photographs of
l'y.ﬂir'rrr‘r' in the heart, iver and ung of @ hovine 1o India. (Sew
FFie. 3.)

Mahlendorfi (1929) names o case in which he found a €, bowvis
in the subentaneous fascin and in oue kidney, while the usaal pre-
dileetion sites were quite free,

Reaanis ox Issreerion Trensgue axn RECoMMENDATIONS 1Y
soar Wiirenrs,

Many recent workers in Burope have stressed the point that mea
inspectars should be allowed greater authority and more liberty for
inspection,  For example, in 1932 B Miiller snggestod the stundardi-
zadion ol inspection technigue in Germany, by making two ineisions
i“t” l"}ll'h i sseder. 'I‘]“"- l”aﬁ!’“’"‘-t’r!“ are r'n‘l.“idf"r'.‘d ‘h” I“u?‘!l l“'”}’ll],l"‘
siter of infoction by workers in Euvope, and many consider that hy
incrensing the number of muasseteric incisions, a very much larger
pereentase of wiensles will be fonnd, and that there will he o corves
pouding impetus lownrde (he eveniunl eyadiention of hovine iysti-
vercosis,  Among these writers mention may be made of Kiinibert
Miiller quoted by Le Coultre, who in 1905 vecommended that the
external  masticatory . museles should  be incised onto the opysta
“ugomatica, and the flaps formed turned right hack, By this means
Miiller found 46 per cent. infected at Guhen, and Tunack 2 per
cent. in Kotthus,
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Fic. 3.—Appendix “* A "', Photographs of Cysticerci borvis of the heart.,
liver and lung of an ox. Reproductions of photographs supplied by Prof.
P. G. Malkam. Patna, India.
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K. Miiller (1927) recommended donbling the nwmber of incisions
inte the musticatory muscles,  He also advised mmking incisions
into the muscles under the longue. All ineisions should be N{lllllillt'll
very carefully, and only sharp, finm kuives should Le used,  To
ensure efficiency, not more than 50 to 60 hovines should he iuspected
by one inspector per day.

Mahlendorft (1930) found 0-81 per cent. to 0-91 per cent, measles
in cases where one eut was made, and 1106 per cent. to 1-04 per cent.
i cuses where wore thay one cut was made. Mahlendorft mentioned
that prior to June, 1929, only one incision was wade into each
masceter af Breslan,  ITn April, 1929, he found 081 9, infected, and
in May 0-04 per cent. In June that year he made two incisions into
ench masseter and found in: June 111 per ecent.: July 139 per
cent, : August 1-06 per cent; September 111 pev cent. ; October 1-53
per cent.; Novemhber 1:54 per cent.; December 1:22 per cent.; and
in 1950 in January 142 per cent.: February 1235 per cent.; Marveh
108 per cent,

Kern (19380) expressed (he opinion that the problem of eradica-
ton of Tacwa saginate could be solved by thorough inspection
technique, e always insisted on two incisions into the external
mastientory muscles, and it possible into the internul masticatory
muscles as well.

In Zestschr, f. Fl.cund Milchhyg. 40, p. 436, von Ostertag (1930)
vecommends a double incision of the masticatory muscles, amd if
necessiry, even transverse cuts, when muny more measles will be
formd.

Platsehek (1931) recomnended three or even four ineisions into
ench masseter.  Similar recommendations were made that year by
Wernery, who advised that the namber of incisions in the external
masticatory muscles he inereased from two to three on each side.

The vew inspection technigue in (fermany, since L3th October,
1934, provides, according to personal information supplied by Dr.
Heinvieh Wagemaun: *° A carveful inspection of the tongue, hear
and external and internal masticatory muscles. At least two inei-
<ions must be made parallel to the muandible, and while the carcass
i= being dressed, cut surfaces must be inspected for measles.  The
incisions into the masticatory muscles must be made from the horder
of the mandible to the upper half of the inside of the jaw, and us
far as it can be cut into, upwards to the lymphatie glands of the ear
on the outside of the jaw,™

All German writers, however, do not neecessarily hope that a
greater number of incisions info the wmasseters will he fhe main
solution of the tneniasis problem, Several writers stress the fact that
the low incidence recorded at certain abattoirs iz mainly due to sluck-
ness in inspection fechnique.  Among these Junack was o leader.
Junack (1926) formed the following conelusions: *° The apparent big
deervease in the incidence of eysticercosis in some areas way be atiri-
huted to careless jwspeetion during aund after the war, owing to
shortage of staflf, or owing (o vavious modifications in inspection, or
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owing to removal of eysticerer. surveptitiously. hy butchers them-
selves.  Other local difficuliies may also he responsible.’ In support
of his statements, Jonack quotes: —

“The jucidence of measles in Berlin wos 22 times as high as
that of the outlyving avens (Awszenbezirke). whereas actually the
slanghter stock came from the same regions.” Furthermore, accord-
ing to Junack, in 1923 and 1924, 101 measly cattle were found at
Bremen, whereas not a single case was fonnd at Mecklenhurge Sirvelitz,
Schawmburg Lippe and Hohenzollern.  To 1931 Junack wrote that
during the war meat inspection was not too thorough, and it was
possible that in some places where troops served it might have been
absent altogether. TTnder such conditions soldiers sequived tapeworm
infection amd later, in furn infected German cattle with . bors,
Owing to closer weat inspection anore cases of (", howiw have been
found, but in Junack’s opinion, yvearly 5.000 to 6,000 more cases
muy be found, if inspection technique were still more thorongh.

Similar views were expressed hy Profe (1934), who pointed out
that it was difficult to compare the incidence of €. horic in various
places, because there was a hig varianee in the thoroughness of meat
inspection,

In addition to advising uniformity in inspection technigue, Zvag
(1931) mentioned that the number of incisious requived, and their
loeations, should be definitely stipulated in Regulations. That the
huwman element was an important factor in the discovery of eysticere:
was elearly shown by Zeng. Thus, there was a big variation in the
efficiency of the work performed, comparatively, in the following
aronps of inspectors: —

(1) The number or percentage of foll-time abattorr veter-
naviuns who found measles.

(2) The number or percentage of veterinary practitioners, who
spent o small part of their tivue at abattoivs, and who
found measles.

(3) Ungualified assistant inspeciovs, who fonnd mensles.
Zeug qualified his remarvks by giving actual statistics.

Wernery (1941) blamed perfunctory meat inspection for the
failure 1o eradicate bovine eysticercosis.  He mentioned several iu-
stances in which a mueh higher percentage nieasles was found after
deeper and larger incisions of the masticatory muscles were made.

After having made only one incision into each masseter, Juraske
fonnd only 0-16 per cent. of cases measly at the Jena abattoir, but
when he inereased his masseferie inecisions fo two on each side,
Juraske fouund that the percentage lad increased to 1-29.  (Wernery.
1931 ; vou Ostertag, 1930.)

Wernery recommended that the Regulations should lay down
precisely, as to where and how incisions should be made, and meun-
tioned that in certain parts of Prussia, where specific incisions were
made, the percentage measles was much higher than in other districts,
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Buri, working in Switzeiland in 1914 and 1915, vaused o biy
merease in the number of €. fLoeis carcasses o he found al the
abattoir at Berne, where he incised the masticatory muscles freely.
The result of his system of ineisions was an iuerease ju the nuni bt
of cuses from 1 and 5 in 1912 and 1913, respectively, to 23 and 39 in
1914 and 1915, l‘l‘hpt’lﬁ\‘?l" Buri was vonvinced that sine-tenths
ol the euses of €. bovis tound, 1esulted from the extra incisions into
the masticatory 1]1!1:-(']&':1. and he persisted with this practice, despite
the determined protests of the hutehers, 1 owas e, who in 913
recommended thaf Switzerland shoonld adopt the German method of
mspection, sinee the incidence of € hores was lugh and worranted it

Gruillebenun (1917) ohjected to the severe German mode of inspec
tion, and considered that this method was too rigid for Switzerland,
in which country raw, or insufficiently cooked meat was seldom eaten,
althongh he freely admitted that the ineidence of tapniasis was high
in those parts of Switzerland, where the so-called Land jiger was
commonly eaten.

The sawe year, 1917, Kroupski attacked the milid views exprossed
hy Guillebenn, and proved ihat at Liestal he fomuwl a percentage of
A in eases inowhich Le freely incised the masticatory museles, e
wis o staunch advocate tor the introduction of the German method of
inspection, info Switzerland. Krupski compared the great variation
in inspection tec hmquv and mode of control of eysticercosis, us was
practised at varions Swiss centres, Thus he quotes; —

Ziivich—only the predilection sites which conld be inspected
without incisions, and thus not the wasticatory muscles,
were inspectad.

Busel—idem, and two masticatory museles were ineised.

Schafthansen—idem, and hesides an aftempt was made {o
detect the vesponsibile tapeworm varrier hy investigations
al the place of origin of the infected hovine.

St Gallen—idem.

The American Edition (1944 af the work by Edelmanu, Mohler
and Bichborn states that it is shsolutely vecessary to make several
eits info the inner and outer museles of mnstication, to inspect care-
fully the tongue aud its museulature, and also 1o inspect carefully
the heart, externally and internally, after living open the ehanibers
and eutting through the dividing wall. 1t is nnderstoad that all
surfuces as well us cut surfaces of the remaining muscle should be
inspected for heet weasles.

Leighton (1927) quotes that the following inspection custom is
followed in the Tnited States:—

“The presence in the flesh of cattle of a certain vyst
capable of producing tapeworm in man can nsnally he detected
by examining the inner and outer cheek museles.  Therefore,
these museles are laid open hy slicing euts for the detection
of the cyst.””
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The United States of Awmerien Bureaun of Animal Industry
Order 211, Regulation 11, Seckion 16, Paragraph 3 defines a careful
examination of the heart, muscles of wastication, tongue, diaphragm
and its pillars and those portions of the careass rendered visible by
the dressing,

In Canada, although the incidence of bovine cysticercosis is
relatively low, 1t would appear that a thorough inspection of the
head is wade, similar to the practice formerly wm vogue in Germany
and in Hollaud.  Paragraph 12 of the Caoadian Meat Inspection
regulations reads:—* The tongue wmust be so loosened as to expose
the internal muscles of mastication. These, and the external muscles
must be ineised, eutting parvallel with the lateral surfoce of the juw-
hone, the cat surfaces to he minutely examined. The surface of the
heart st be closely serutinized and the heart then opened or in-
verted.  This ean hest be done by placing the left ventriele upper-
most, when one incison, the full length of ihe organ, will be suffi-
dent to permit an evamination of the cut surtfaces and of the interior;
or the heart mway be everfed and fucisions made into the museulature
of the organ.”

Working in Denmark, Nielsen (1934), showed that on several
oceusions infected carcasses could have escaped detection owing to
the absence of eysticerei in the recognised predilection sites, or
owing to o perfunctory inspection,

As vegurds inspection technique in Holland, Teuhaeft (1907)
wrote that in Utrecht up till that year only the internal masticatory
muscles were incised.  Up till 1905 approximately only two measly
cattle per annum were found at that abattoir. To 1907 von Ostertag
visitedd the Utrecht abattoir, and pointed out the desirability of in-
cising the external masticatory muscles as well, (.‘nimti:funlail r, von
Ostertag demonstrated the method of ineision into the exler:m"i THES
ticatory muscles and found a degenervated cysticereus in his incision.
That season Tenhaeff found T4 cases of cysticercosis, after having
followed von Ostertag’s recommendations.

Veenstra (1921) laid speeial stress on the careful inspection of
the masticatory museles.  He recommended two lurge incisions, and
incisions into the tongue. [ necessary. the masticatory mnscles
should be eat into thin strips.  Tle felt convinced that only the in-
spection of the predilection sites would be soflicient {o eradicate
tneniasis-eysticercosis in o decade,  Veenstrn recommended  the
following technigque: —

Wasticatory  wmuseles,—'Two  parallel  ineisions  through
ench external masticatory muosele, and one deep incison into
each internal mastivators muoscle,

Heart.—First external inspection, then an neision info
(he left ventriele up to the septum: sub-division of both halves
of the left ventricle into flakes like an onion; then a longitu-
dinal inecision through the right ventricle. The cut surfaces
and the endocardinm to be thoroughly inspected.

Tongue.~—Thorough palpation and incision of the muscles.

Diaphragm.—Inspection and palpation. (No mention of
incisions.)
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Reitsma (1931) quotes Article 31 of Section 285 of the Nether-
lands Meat luspection Regulations of Hth June, 1920, which laid
down that the tongue, heart and external masticatory muscles were
fo be invised—the latter by ** various longitudimal cuts "' Reitsma
strongly recommends that five to fen fransverse incisions Le ude
as well. By doing this ne elaims a far more thorongh inspection,
a5 was proved by his results,

Schoon (1933), in his discussion on the eradication of bovine
cysticercosis, hased on his experience in meat inspection, mentions
that the high incidence of €', hovis (4 per vent.) observil at Nij-
megen, is due to his method of inspection.  Two even, clear cuts are
made into the mastieatory muscles on either side of the jaw, aml
three into the heart, Schoon mentions that the large percentage of
rases with o single measle is notable.

Professor C. I, van Oijen of Utrecht, Holland, informed me
(1936) that ot Rheeden in 1934 special attention was directed towards
the musceular coat (sprer-rok) of the cesophagus.  The mucons mem-
hrane (slijmelies) was excised, stretehed out and ecarefully inspected.
T'his technigue was vespousible for the finding of thirteen measles,
of which three appeared to be viahle, According to Prof, van Oijen,
the increased incidence of weasles in some parts of Iolland can
mainly be aseribed to the result of more thorough inspection
technique

At Karlsbad (Bohemia), Messner also paid special aftention (o
the inspection of the vesophagns.,

In Great Britain, it oost be freely confessed, inspection tech-
nigue for Cysticerens boeis falls far short of that practised in Holland,
Germany, Denmark, or particularly in South Afiica,

[n Seotland, Reculations preseribe that *" the cheel muscles
shall be examined by a lnear ioncision pavallel to the lower jaw,™
Gierald Leighton (1924), writes: —*“ A special instmetion states that
an examination must be made of the cheek museles, and this moust
be done by cutting into them in a line parallel to the lower jow.
This is o proceeding which has not heen hitherto very comwmon in
this country, though a few inspectors carry it out, 1t is, however,
a very important point, and the object is to ascertain whether the
musele is infected with o parasite known as the * beef hladderworm ’
or * heef measles """ Leighton's quotation is not from the Iny press,
or from o non-technical article to farmers, butchers, or other laymen
interested in the meat industry. but actually appears in “° A Hand-
book of Meat Inspection—A guide to the Public Health (Meat) Regu-
lations (Seotland) 1924 7. Teighton. therefore, frankly informs
students and others inferested in the science of meal inspection that
ip to 1924, although regulations provided for a ewrsory inspection
for measles, Little or no notive was taken of {liem,

The present writer is probably not alone in the suemisal that if
a mode of inspection on the German priveiple, which is not as
complete as that of South Africa, be instituted into Great Britain,
the ineidence of mesasles in that country will lie considerably higher,
and may even startle some anthorities,
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Colonel T. Duulop Young, one of Britain's greatest authorities
m meat inspection, kindly agreed to enquive into the incidence of
measles in Britain, from records of most of the principal abatioirs.
On my behalf, he very kindly instituted a searching enquiry, and
he failed to find a vecord of a single instance of eysticerens infection
in the reports of the varions abattoirs during 1935, 1t seems almost
incredible that the incidence of (7. bores could have heen ** nil " in
Gireat Britain,

In 1920, Robertson sounded a warning to meal inspectors and
meat  consumers in Great Britain, I his “° Meat and  Food
Inspection *°, pp. 136-188, he states that inspection of meat for
measles in Great Britain shonlid  receive greater attention, ‘The
possibility of infection of his patients with 7', saginata was foreibly
bronght home to himg when, s Medieal Officer of Tlealth for Leith
(now a suburh of Bdinburgh), he prescribed o vaw meat diet for
tubierenlosis cases ab the Leith Isolation Hospital.  Several of his
patients developed fapeworiis,

For Sviia, Valade (1927 recommended the tollowing inspection :

(1 Kxcission of the diaphragm, which must be hung on hooks
for carelul examination,

(2) Heart: Careful inspection of the coronary grooves. Then
an incision inte, and inspection of the myocardinm and
the endocardinm,

) Psoas wuseles:  These must be examined along  their
entirety.  (In Vallade's opinion cysticerer  are  more
frequently found superficially in the musele faseia than
in the muscle fibres.)

(d) The external masticatory muscles must he cut into thin
strips.  (In fhe event of one or more measles being found
in the above four sites, then the following incigions should
he made.)

(%) A series of incisions must be made plumb down the medial
surface of the thigh into the adductor musele.

(G) Ineisions into the superficial vervieal muscles.

In Bloewtontein we canse two loug incisions to he made, widely
aparl and parallel to the lower horder of the mundible, and fo pass
in an upward divection to sever the paroiid gland. This procedure
s boen e practice sinee the widdle of June, 1934, when iy Senior
Meat Tuspector, Mre. [T, M. Downes, and T assumed office shortly
after each other at this abattoir.  The infernal masticatory museles
are cut with two ineisions on ench side, as long as possible. The
effective series of incisions into the masticatory muscles gave the
following tmmedinte results,

June, 1934 . . A9 enses (between 18th June aud 30(h June),
Tuly .. . oo 64 eases. :

Kusnst . .5 . 65 eases,

September ... ... 57 cases,
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CYSTICERCOSES IN SWINE AND HBOVINES,

Mr. Downes assumed duty on June I18th and prior to his arrival,
namely from Ist to 17th Juune, 1934, only T cases ol measles were
found. During May, 1934, 13 cases were found; during April, 1934,
15 cases were found,

These figures prove that effective ineisions and efficient work is
rewarded with suceessful rvesults. The slaughter stock helonged to
the same firms of butchers throughout the period I‘t‘l‘lll'llt‘lﬁ and
originated from the same parts,

We were blamed for the butchers” wisfortunes, but, despite the
complaints from the butchers that we were too drastic with our
technigue, I insisted on the two long incisions 1nto the nasseters,
and instructed Mr. Downes and the Junior Tuspector to persevere
with the practice. It is is also interesting to rvelate that the Superin-
tendent of one of our larger Union abattoirs visited Bloenmfontein
some time ago, and, upon witnessing our techunigue, remarked: = 1f
W ;van:. to muke those cnts in our abattoir the butchers wonld
revolt !

The writer has, indeed, noticed at some of our larger abiattoirs,
and at nearly all the smaller abattoivs which he has visited, that (he
masseteric incisions, and frequently those into the triceps hirachii
are far too short and shallow fo be effective,

Our South Afriean meat inspectors should bear in wind thai
Regulations restrict their routine incisions to u barve minimoam, and
in those parts of the carcass where they are expected to make their
incisions, and the size of such ineisions is vot definitely prescribed,
they should err on the side of long and deep ents and should deter-
mine to make these as long as possible.

Tue Ak axp Skx or INeesten ANnars (Excuvvmsa Cauves),
1t lias alvendy been mentioned that during the period Ist July,
1934, to 31st December, 1936, 1,060 cattle were found to bhe mensly
ot Bloemfontein abattoir. The total number of bovines (¢xeluiding
cilves) slaughtered was 21,764, giving a percentage of 487,

We noticed that there was very little difference in the percentages
weasles anong cows and oxen, hut hulls were relatively loss frequently
infested,

The following table shows the numbers and pereentages, also the
patios of light to heavy iufestation in the sexes.

Fonnd measly .
Total stock = —
[ | Pereentuge,
slauglitered. el Heavily Lightly
| $ infestod. Hrfestod.
§ 1 7 P ey 10,905 ) 037 | 04 | s ! (N
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Several writers in Europe mention the disproportion of infesia-
tion hetween the various sexes.

Kruewer (19351 tound that the ineidence in halls was twice thal
in eows,

Broun-Seifert (1923) gquotes an extract from f'.'r_tn'hmsw der
Nehlaclitvieh -und Fleschibesehauw im Deatselien Rewlo ™ Tor 1905,
in which the incidence of bovine mensles was analysed us follows:—
Bulls, 0-6 per cent.; oxen, 056 per cent.; cows, 0217 per vent,

Vou UOstertag explains the comparatively heavier ineidence of
eysticercosis in the male sex by the fuet that male bovines are
frvm‘l.ill\ slanghtored early, whereas infection is usually acquired
c-ull\. and that the bladderworms die off later, at about the usual
neo that cows are slanghtersd.

Lo Woembontein, in 215 consecutive mensly careasses, wo fowwd -
T4 carcasses to he aver 5 years old;
26 cavensses to he d o 5 vears old;
15 careasses to be 3 years ald,

Adwmittedly, these Rgures are uo eriferion, sinee the numbers of
animals slaughtered at the various ages were not included in our
recordings.  The vast majority ol caltle slanghtered at this, and
indesd gt most South Afvican abattoivs are well oyver three years old.

Flohil (19100 mentioned that Beunders af Groningen (Hollund)
foumd a peveentugze of 0041 infected hetween the years 1904 and 1908,
According to Beunders, cvsticereosis was sgually Touwd in eases under
two yvears old and in cases alinve that age.

DEGENERATION oF 1iE UysTekrers Bovis,

Degeneration of the beel hladderworm oecurs readily, and aceord-
ing to some authorities Tairly early, (Vide frequency of degenerated
eyxticerer in ealves.) Cysts o the various stages of lll.'gt-m-ruiltm are
very frequently encountersd on meat inspection.

L Germany and in Holland recorders froquently discriminate
between degenerated amd appavently viable eysticerci.  Judging by
various reports, it would appear that many of onr co-workers in
Favope make o istinetion in their retarns between dead and live
mensles, although all carcasses showing measles, whether dead ov
alive, ny be treated in the same way.

Apparently the Regulations in Germany ure stmilar to those of
South  Mriea, in so far as that all earensses arve condemued or
detained foy treatment (e.o. by freezing), irrespective of whether
viable or degenervated eysticered arve found.,

Hoek (1994) eriticises the Germao custom, e considers it quite
unnecessiry o condemwn carcasses containing ouly dend eysticerer.
I the eysticorel ave so numerous as to render the meat ** substantiolly
changed ', then it can be econdemned under other sections of the
Regulutions. 1t the dead eysireerer ave few, then the meat is, in
Hoek's opinion, not untit For human consumption,
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CYSTICERCOSIS IN SWINE AND BOVINES,

Most observers have argued against the views expressed by
Hock. The possibility that dead eysticerer and live bladderworins
may be present in various parts of the same carcass, has been recorded
by several writers on the subject.

Prillwitz (1930) pointed out the fact that although ouly dege-
nerated weasles maoy be found in a certain parlt of an ox carcass, i
may be possible that live measles may he present elsewhers in that
carcass, owing to the fact that the animal may have hecome rve-
infected owing to its proximity to a tapeworm carrier. Ile quotes
two cases in which he found only one totally ealeified measle in the
masticatory muscle, and with further juspection, he fouul viable
measles in the fongue muscles.

Haas (1929) found numerous mensles in a very young calf.
These were diagnosed at the Veterinary School at Albert fo consist

of both degenerated and viable specimens.

Holtz (1929) recorded two cases in calves. Tn the first cose sight
caleified and three viable measles were found in the heart, and a
number of dead measles and two living measles in the masseters. In
the second case Holtz found two viable and six dead measles in the
heart and three measles in the external asticatory museles, and
also three live measles in the diaphragm. Further examination pro-
duced a number of transluocent eysts with apparently healthiy seolices
in the superficial fascin, hump, shonlder, hind guarters, ste.

Le Coultre (1928) mentioned several cases in which he fonnd
both living and degeunerated eysticerci in the same caveass.

Reitsma (1931) vecorded finding three living measles in the
heart, after having found many dead measles elsewhere.

Van der Slooten (1986), writes: —** 1t is of Little importasce as
to whether the parasites found arve alive.  We must lear in omind
the fact that even though a parasite may be dead, others, elsewhere
in the varcass may still be alive. There is no reason to pass as fit
for human consumption meat which may merely show one or two
degenerated mieasles.”  He continued : —** Tt is important to examine
any groups of caleified measles very carefully, since one may fre-
quently find o perfectly normal nud viable eysticercus in the nvea
covered hy the caleified eysts.”

It is, thevefore, vight to ssswme that any cases showing only
degeneraled measles in the standard routine ineisions, may, never-
theless, have some living eysticeres elsewhere in (he caveass.  For that
reason we made no attempt at the Bloemfontein abattoir to record
separately the actual number of cases showing degenerated cysis and
the number showing only apparently viable eysts. [ agree with the
views expressed by Van der Slooten that it is of no imporiance as to
whether eysts found are dead or viable.

In the 25 heavily infested eareasses which were elosely studied,
the measles were all viahle. Those careasses were specially used
for viahility tests after various periods of freezing, and superficial
measles were, in each ecase, tested hy Keller's simulating infection
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test for viahility, before the carcasses were frozen. 11 is o remark-
able faet that trom Ist May fo 31st December, 1936, only two car-
casses, which were wotally condemned, were nol so used, owing to
ouly  degenerated measles having  been found 0 the inspection
ineisions.

During 1986, however, wy attention was drawn {o four measly
careasses in which we found hoth degenerated and apparently viable
cysticerce, These were the only four cuses which we observed, hut
there were prohable several more.

The pravess of degeneration, namely the progressive stages ot
caseation and caleification, is similar to that of O cellulosae. Case-
ation lollows the death of the bladderworm, and is succeeded by the
deposit of caleium salts first in the outer eapsule and later in the
vesicle itself, It has nat yvet heen established how long, under nor-
mal cirenmstances, a mature eygsticerens will live, hefore death and
progressive degeneration will result. 10 has boen Yound that eysti-
cerer way live in the ox for periods inexcess of e year,

In an esperimental calf killed 244 days after experimental
feeding, Saint-Cyr found only dead exysticerei, the majority of which
were in an advanced stuge of caleification (Neumann).  Simmonds
and Cohbold, saw numerous yvellow points—chalky deposits, which
were dead and caleified eysticered in the museles of a heifer killed
more than o year after the first experimental feeding (Newmann).

Clorenburg  (1932) deserilies hix finding o few degenerated
Cysticereir hovis among numerous (40) living €. boeis in an experi-
mental calf killed exactly nine months after the first feeding.

Degenerated or even caleified cysts may be found in the same
host with voung, viable eysticered, owing to the faet that the parti-
cular bovine host may, over various periods of time, have acquired
fwo or more separate infections with } saginaia ova,

Daubney (1926) records an inferesting fact that has recently
been discovered hy researeh, numely that caleifieation of worm eysts
may be greatly accelerated by o course of freatment with the ealei-
fying vitamin, vitamin D, which is present in eodliver oil and ofher
fish oils. 1t is neeessary to administer the il every alternate day
for a period of a few weeks, and one must give an overdose, which
does ot Teave o grept murgin of safety.

This method, mentioned by Daubney, may be of academic and
seientifie interest, ot it will not he of mueh use o practios,

1. Meuasles cannot be diagnosed clinically.

2. Serological tests for measles are equally unpractical and
not-specific.

3. 1 wonld be qﬂHl' senseless and I’Xll‘l‘llll-'!.\' l‘xpl‘h:si.\'r: L]
treat berds of cattle from uress where the incidence of
mensles may he high, over o prolonged course,  There will
ouly be an eftect on the small percentage of measly
hovines, which may then be assisted towards more rapid
caleification of those measles, and the caleified measles
may or may nol, later; be detected at the abattoir.
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CYSTICERCOSIS IN SWINE AND BOVINES.

Very interesting research ou the subject of immunity of cattle
to Cysticercus bowis was recently done by Penfold, Penfold and
Phillips in Australin. These authors describe their fndings in the
Medical Journal of Australia | (13) pp. 417423 (193G).  They vefer
fo o swvey by Clapham (1932) on immunity fo helminths, and if her
survey is complefe ml('ly one instance of immunity to the larval
stuge of cestodes has heen proved.” The writers and Clapham refer
to the work of Miller and Massie (1942), who have shown that the
albino rat can e immunized againsi Cysticercus fasciolaris, the
larval stage of Taenia laeniaeformis of the cat.  The writers also
refer to immunity to adult cestodes, as worked on by Turner, Ber-
berian and Dennis (1932-33), which work has * probably great prac-
tical possibilities in preventing hydatid inowan aod other animals.”

Penltold and his co-workers avtificinlly infested 88 oxen with
Taenia saginata. These oxen all developed (7. howis, that is none
were dmounoe.  The workers therefore assumed that thirty oxen,
acquired from the same parts were also free from infection at the
time of commencement of their experiments, sinee the ineidence of
infection in Vietorin was very low, other than in cattle which had
been grazed on oo sewage farm. These thirty caftle were drenched
with 400,000 Taenia sagmata eges (cavefully counted), and Penfold
anil co-workers estimated that 11,000 10 30,000 cysticered developed
e each ox, In this wiy they studied (he rate of degeneration, and
absorption of the meunsles.  In fhese heavily infested oxen no live
eysticere! wore found that were older than nine months and eysticercs
older than seven months were seldom fonnd. ** Almost all cysis ten
months old or more had confents which were dey divty vellow and
hard, but they were never so hard thut they could not he crunibled
between the finger and the thumh. The young degenerated cysts of
recent fnfestafions had moist green pasly contenis,”

Penfold and cosworkers then drenched theee oxen with 400,000
vinhle Taenta sugivata ova, A fourth ox from the same bateh wos
not drenched and the four (three arvfificially infested and one not
mfestod) were depustured on non-contaominated Laud for ffty-three
weeks and five days.  After that tiwe, e, 30001035 two ol the
already infected (drenched) oxen, and the undrenched ox were given
a drench confaining 400,000 Taenia saginate ova,  All fonr oxen
were slaughtered on 1741935, that iz eleven weeks after the second
drenching (30.1.85), or sixtyv-five weeks after the first drenching.
The originally wndrenched ox showed definite evidence of o vecently
aequired infestation, that is, as the rvesult of the drenching on
20.1.85. Only about one in every hundred mensles were still alive,
which the anthors said “ was quite consistent with an infestation of
only eleven weeks of age,”

The osx whieh was not drenched the second time, that i on
A0.1.55, showed o recovery of the primarvy infestution of sixty-five
weoks' duration,  Only two dead cystioerer were found in the whole
cartass, and these were approximately one nrillimetre in the widest
diameter.  The other two oxen, namely those which had undergone
fwo drenchings ot ffty-four weeks' intervals were found to have
almost recovered from the original infestation, awd fnmmune fo the
second infestation, i.e. after sixtv-five weeks.  Kxperimenis were
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then similarly repeated to determine whether tropmunity still re-
mained seventy weeks alter the cattle were artificially infested. They
found the same results, anl concluded that ** ut least some oxen,
seventy weeks after being heavily infested with Cysticercus baris, are
vnmnne to Further infestation: two oxen showed no significant signs
of a very heavy primary infestation of seventy-nine weeks duralion."”

In discussing the practical application of their immunity tests,
Penfold, Penfold and Phillips siate: ** If a live vaceine were (o he
wsed and the cattle given the disease, it would be advisable to deter-
wine the following: (i) the minimum dose ol egps vequired to pro-
dice @ solid fmmunity: (1) the stages al which the immuanity de-
velops and when it disappears, it at all: (i) the age at which all
evsts die when cattle ave given the minimwm innnunizing dose;  (iv)
the time necessary for all cvsts (o be alisorhed in oeattle immunized
with the wininam immunizing dose,”

The uuthors suggest thal inomunity probahly shows itself in two
wiys,  irst, ag it develops as o rvesult of the primavy infestation il
lills  fhese primary  immunizing  eysticere:s Secondly, having
developed, it prevents the eges sabsequently ingested from developing
into eystivercr.  As the immunity is probably guantitative, eyvsts may

ossihly take longer to die and, therefore, to he ahsorbed, if only @
E*\\' are present.

Syatrtoams axp Dovexosts o Oysrcercosis Bovis,

Clinteal symptoms of evsticerensis in hovines are even more rare
(han in porcine evsticercosis.  Manunl examination of the tongne has
almost invariably led to negative vesults. Newmann, however, quotes
T, Fleming, who stated that the exsticeres may be recognised by
examining the fongue, on the lower surface and sides of which they
form more ar less sulient projeciions, which roll wnder the finger when
pressed upon,  Fleming went furiher and stated that he found on the
stde of o fongae the lareest cysticorcus he ever onconlersd, nearly
4o long ! T s extremely douhiful of Floming was actually denling
with €', hors,

After artificial infection. when Tirge nombers of proglottides aml
ovi have been Ted to the subjeet, clinieal symptoms may, however,
appenr.  The severe results on the host, in Lenckart's artificinl inlee-
tions of calves were mentioned in Part L of {his work,  Most of the
workers whe confivmed  Lenckart's experiments, observed elinieal
symptoms in theie subjects. Masse aud Powvguier poticed thal ther
experimental calt hecame grently emacioted, after showing signs ol
illness.  Zurn’s calf showed o tewperature of 409 (', rapid pulse.
fympanttes, emoeiation and difficalty G vising. AMter the eall duwl
Zurn found that infestution was wenernlised, but Ahe heart wis
purticalarly heavily infested.  (Newmann, )

Hutyra and Marek wention that Ciga notieed sovere exsticereal
lanieness in an ox.  Selonidt fonnd a exst in the anterior chamber of
the wye of u bovine,  Otfele notieed high tonperature, rapid pulse.
laboured breathing and intense fiching of the head in a 10 years olid
vow, s+ The result of eystiverer
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CYSTIWERCOSIS IN SWINE AND BOVINES,

Zwijnenberg (19201 recorded a case in a cow, which showed the
following clinical symptoms. The femperature was 41° (., [requent
pulse, irvegular and hardly pereeptible. Appetite was diminished,
peristalsis normal in quantity, but slightly intensive: rumination was
irregular and totally absent {rom time to time; faeces normal in
consistency ; salivation light. Milk was withdrawn, At first he
suspeeted Toot and mouth disease, which existed in the neighbourhood.
After a few days he ruled foot and wmouth disease out of the question,
hut diagnosed septic myoearditis, on aecount of the pardine symptoms,
At the request of the owner he, nevertheless, treated the animal on
vational lines, without success, After four more days he noticed
further complications, e.z. photophobia, severe lachrymation, hypo-
pyon, Eventually the owner agreed to the destruetion of the eow.
On autopsy Zwijuenberg noticed that the large muscle groups were
“sowed T with gray cysts the size ol peas. These were also found
in the masticatory nscles, the hearvt, lungs, kidneys, salivary glands
and the udder. In the myocardium alone, Zwijnenberg found some
sixty cysticerci.  Micvoscopical examination proved definitely the
divgnosis of Cysticerci bors,

An interesting case of cevebral Cystivercus hovis, complicated
with generalized tubereulosis was related by Hoefnagel (1923), e
stuted early in 1923 u hovine from the distviet was brought to the
Utrecht (FHolland) abattoir.  Before slanghter it was noticed that the
beast had an ** unsteady ™ gait.  Furthermore, the animal persisted
in moving forwards with the head high, After slaughter it was seen
{hat the hovine had a generalized tuberculosis, lesions being particu-
lurly found in the lungs and pleura, and also wany small tubereles
in the pia mater. He was greatly astonished. when be examined the
brain more elosely to find a live and viable Cysticereus bovis in the
pedunculus cerebri. He then examined the carcass more winutely
for further eysticersr, bul found no more eysts, 1t is not likely that
the presence of the single €. boris in the brain was responsible for the
peculiar symptoms, nor did Hoetnagel suggest that this was the case.

Serologieal tests have beeu tried in bovines, hut 1o general they
have not been considered to he specific.  Clavenburg (1932) records a
stieeessful complement fixation test on an experimental ealf,  As
antigen he used an aleoholic extract of 7. saginata. Durving the fivst
month of artificinlly infecting his ealf he obtained a positive reaction,
wherens negative resctions were obtained with the blood sera of all
non=infected ealves.

The diagnosis of €. boeis s comparatively sasily made on meal
inspection. Like in the case of €. cellulosae, the following coniitions
mary, oceasionally, he mistaken for €', foess, in the degenerated state
especially.

(,'.:{xtirmrr-ns tenwicallis, Arvwed epsticerons. (See diffeveniial
dingnosis of €, cellulosae,)

2. Ervhinococeus eysts.  (See differentiation (hagnosis of (',
cellulosae.)

3. Sarcocystis blanchard). |See differential diagonsis €. cellu-
losae, sarcosporidia (S. miescheriana). |
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4. Actinennycotic nodules.  (See differential diagnosis C. cellu-
losae.)

5. Small tubercules.  (See differential dingnosis O, eellulosae.)

The living €. bowvis ecan h.mll\ he mistaken for any other
purasite, espoee ially if the scolex is examined microscopieally.  The
four suckers and the absence of a rostellum and hooklets are the most
notable fenfures.  Alsa note the caleareous corpuseles. characteristic
of tapeworm tissue,

CysTreercosis ix Canves,

The incidence of Cysticercus bovis in calyes is not high in South
Alviea, judging from observations at our ahatfoirs, The extent of
infection may, of conrse, be considerahly higher than is anticipated,
due mainly, it is believed, to the faet that calves are seldom
slunghtersd alter six weeks uld. Then again, South Alfrviea is nob, to
any extent, g veal consmming vountry.

I'vom the two principal abattoirs of Natal, however, t|mte
startling veports of the tneidence of (. horrs ammg citlves have heen
forwarded .

The Mannger of the Pretermarvitzhurg abatfoir writes:

= Anoaspeet of measles infection which is puzzling, is the
mumber of calves found to he infected. | sometimes wonder
whether this way ot be due to the faet that while cows are
driven to their grazing ground away from human habitations,
the ealves are kept back aud often allowed to wander ahout in
the vieinity of the native guarters, ete.  The following figures
show the number found to be infected at this abattoir during
the past five years,”

Maritchurg Abattore, luctdence of . bovis in Calres.

L Uilves | Nuniber
Yenr. slanghtered. infestad, Percentage.
L 15 —

] N 1 S S T e aal 31 a4
OB i o his v ot Srhsia et s eia e ok b ah2 HE - 15
AR i S e e e e (1] 37 B+h3
1V=380 0 vy o s e LR 8 RRE b
TEEB-80 o o s s e RN A 678 A7 -8

My, W, A, Dykins, M.R.C.V.S,, Divector, Municipal Abattoir,
Durbon writes ; —

“We deal with ahout 5,000 calves per annum, and 1
would say that 2 per cent, are infected with these lesions
(measles), but odd consignments show almost 100 per cent.
wnfection.”

In Kimberley slaughter of ealves takes place hetween the ages
of six to twelve weeks.  Althongh a striet watch has been kept,
no trace of €. borvis has been found among calves,
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The Superintendent of the Bast London abattoir reports:—

** No cise has been observed in this abattoir sinee 1t was
opened: the reason for this may be the fact that calves
slaughtered here arve very seldom older than seven (o ten
days.”

In Port Elizabeth amd in Cape Town no cases of . bovis have
been found in calves under six wonths old,  Similarly, during two
and a half years' close inspection at Bloewdontein, we found no
1H15es.

In Pretoria only two cases of €7, borrs were observed in calves,
during the past five years,

Col. J. Trvine-Swith, M.R.C.V.S., supplies the following table,
which shows (he very light iuncidence of cysticercosis in calves at
the Johanneshurg abattoir,

Number Numiher

Year. slaughtered. infoctid. Percentage.
R~ s i e G & R A 12,585 4 )-072
OS2 BFvie i T R PR 12,9949 5] 0038
EBT-S uvan s s o e 4 s 14941 15 [ER L]
POBA-35: cnasnsnismiines S IR 15,538 3 0032
|12 e A [ R o 15,763 B 1H-018

It will thus be seen that the recorded incidence of €. boris
is extremely low in calves iu fhe Union of South Afriea, with the
P.\‘J'B?I.inﬂ ol Natal, where it is remarkably high. No information
on this subject was sought from the smaller abattoirs, where the
amount of veal slaughtered would be very small, and the incidence
af measles in calves would Le, presumalily, negligible,

The incidence of €. boeis in ealves is very high in Kenya Colony.
At the Nairobi abatioir in 1935, 94 calves were condemned for
(. haris out of 537 slaughtered. (175 per cent.)

Writing from Kenya, Daubney (1936) has shown that hand-
teared calves have frequently been infected from the hands of atten-
dants wha have carried 7. saginata. Ova of the Tuenia can very
cusily obfain lodgment under the finger uails of an infected person,
i thus be conveyed divectly into the ealf’s mouth, in hand-rearing.

In Europe, measles are commonly found in calves. To several
canntreies the statistics show colparatively high infestations.

In Hollund doring 1930, the following percentages measles
were ternrded 1 —
The Hague ... ... 1:389% in ** grazing ealves ™ (grashal veren),
Amsterdam ... ... O-04% in “* fat V" ealves (rette halveren),
(Reference s Topdsclie. o Diergeneesk., 39, p. 51.)

Leiden ... .. o oo Laving €. bowis in 1 *° grazing 7' ealf.
Dead €7, Lovis in 10 *° grazing ™ calves,
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For the years 1933 and 1934, Professor C. 17, van Oijen of
Utrecht supplied the following information :—

Infeetions 1933, Infections 1934,

Y Grazing *oalves i.i o ias i e 106 984

il ) gl L SRR T 16

Rheeden ... ... .. To 1934 1 *“ fat " calf was infected.

Arnhem ... ... .. 6 * grazing " calves (2-39%) and 1 ** fat ™
calf were infected,

Utrecht... ... .. ... 67 *“ grazing " calves were infected.

Apeldoorn ... ... ... 4 calves were infected |

Awmsterdam :
1st quarter:  “ Grazing * ealves, 0 living: & cases or
0+49, dend measles,
2nd quarter: * Grazing "' calves, 1 case living measles:
0-289%,.
drd guarter:  ** Grazing " calves, 2 cases hving measles:
0:290, and 3 cases dewd measles: 0-3%.
4th quarter: “° Grazing '’ calves, 9 cuses living measles:
0-592,, and 30 eases dead measles: 1-99.
Nijmegen ., ... (1933) (Refevence Tijdschr. v. Diergencesk,
63 (19)., 2 out of 2,929 * grazing "
ealves measly (pp. [135-36.)
Leeuwnarden ... .. (Reference, Jdem, pp. 1135-36.{
(1935) 60 calves (1:49%) measly.

For Denmark, Elvinge (1920) gives a summary of infestation
in ealves, in the abattoir at Odense : —
1927: 0-329, calves showed degenerated measles, 04129, live
measles.
1928: 0:589, calves showed degenerated measles, 0- 147, live
measles.

1929: 0919, calves showed degenerated wmeasles, (10202, live
measles,

Elvinge notes that the incidence of measles in calves was increasing,
The average for the three years was 072 per cent., whereas in 1922
it was ouly 0-06 per cent,

According to Dickoft (1931) the ineidence of C. boriy was very
high in Bulgaria among calves, at that time. In the Distriet of
Schwmen it was 58 per cent. The high percentage among calves
vould be attributed to the fact that calves were allowed to wander
about the farm-yard, and easily picked up hwman excretum, since
few Bulgarian farms bhad W.C. accommodation,

According fo Nakanishi (1926), the incidence of C. boris in
calves was 37-5 per cent. in Korea, Nukanishi found 153 calves out
af 408 to be infected.

Dr. Mohler, Chief of the Burean of Auimal Industry, United
Statex Department of Agriculture, kindly supplied statisties which
showed a very low incidence of €. boris in calves in the United
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States for the period 1926 to 1935, inclusive. According to these
statistics, the average infection is about 20 per annum, oul of
approximately five million calves slanghtered.

A Review of a few Case Records of Cysticercosis in Calves.

Sandig (1924), Haas (1928) and other writers recovded cases of
intra=uterine infection in calves,

Haas (1928) described a case of generalized measles in a calf,
three weeks old. e found quite a vnumber of eysts in the lungs,
of which guite a few were transparent, while others were hardened
i a8 eapsule, which, if incised gave forth a yellowish fuid. In
some there ** was even a caseous mass . The eysts were slightly
smaller thau a pea. Apart from the lungs, Iaas also found measles
in all skeletal muscles, the heart and in the external aud internal
masticatory muscles. The opinion of the authorities at the Veterin-
ary School at Albert was to the effeet that infection must have heen
infra-nterine.

Briigemann (1928) found o case of generalized measles in a
calt four weeks old. Apart from the heart, measles were found in
the ahdominal muscles, internal wmasticatory muscles, external
masticatory muscles, shoulder mwuseles, efe.  Altogether Driigemann
found about 200 measles in this case. The calf was fed on milk
only, in the stable.

Holtz (1929) found two cases of cysticercosis in ** fat '’ calves,
closely after each other, although up till then such cases had seldom
heen found. In the first case, a calf about 10 weeks old, he found
eysts in the heart and in the pillars of the diapliragu.  In the second
case, encountered S days after the first, he again fowwl several
eysticeret (hoth viable and degenerated). Holtz discovered that
both calves eame from the same farmer, from whom he instituted
enguiries,  The calves were kept in a stable and fed on wmilk.
This particular farmer had been {reated for Taenia sagimata four
yenrs previously, On the farm a water-closet was used, which
emptied its contents onto the lands. Tloliz came to the conclusion
that the milk bucket, which had bheen used for the feeding of the
calves, mnst have been rinsed in the water furrow which conveyed
the deposits from the W.C., and that thus segments or ova must
have reached the calves.

Driiger (1929) found a nine weeks old *' fat ' callf heavily
infested.  The measles varvied in size from that of a wheat seed
to that of a pea, Most of them werve dead, but quite a few were
alive, Duriiger mentioned that this case somewhat vontradicted the
old view that only in old measles would degeneration oceur.

De Vries (1930) at Haavlem, found a heavily infested ** fat "
calt, four months old, and mentioned that he had found one the
vear before, as well. TUp to that time measles in ** fat *° calves
was considered a rvare condition. In bhoth calves he found the heart
heavily infested, but all measles were of the same size and were
more or less uniformly distriluted throughout the museunlature,
The specimens were about 5 mm. in size, and were, therefore, not
quite full grown.
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Messner (1931) deseribed a few cases of €. boeis in three weeks
aold ealves, the nature of which led him to believe that the cause
of the heavy infestation could only have been due to divect infection
from a Zaenia saginata carrvier. Infection could have been carried
over in milk-pails, or through the earvier’s fingers causing contact
with the calves’ mouths.

(1t is improbable that more than oue ealf would, coincidentally,
be infected intra-utevine from different mothers, The fact that the
calves were only three weeks old, aud that a heavy infestution was
actually visible, makes one believe that infection might have been
intrn-uterine, sinee beef measles are usually observed at G weeks in
meat inspection.)

Some of the sources of infection in ecalves have heen mentioned
in the foregoing review of case histories,

1t wmight be mentioned that the South Aflrvican counterpart of
the Duteh F graskalt ', or *° grazing "' ecalf is seldom slaughtered
at our abattoirs.  Usually sucking Lull calves are slaughtered at
periods from a tew weeks old to about four months old. 1f calves are
weaned and turned ont to graze, their ultimate destinies are usually
those of milk cows, or in the case of males, those of irek oxen,
or ranch oxen, and eventually they may reach the abatfoir, in a
fairly advanced adult stage. Hence, we are more lable to find
infection in o small percentage of cases in sucking calves. and in
the great bulk of cases in full grown animals,

~ As a summary, the origin of infection in young calves in South
Africa way be aseribed to the following factors:—

L. Direct infection from a tapeworm carvier. This, one should
imagine, is a fairly common source of infection in South
Afriea.  Native attendants, hy cosxing ealves in cases
of hand-rvearing, may easily couvey infection by ova on
their fingers, direct into the calves’ monnths.

2. Isolated cuses, such as the vase described by Haltz in
Holland, in which drinking utensils might have come
into contact with ova or proglottides voided by a earrier.

3. Deliberate defaecation in eall kraals, by careiers, This
factor needs Little elaboration upon. Native servanls on
farms will readily use, equally, a pig sty, catile kraal,
a stable or a calf kraal for defaecation.

4. In nalive habitations in South Afriea, it 15 the usnal
practice to drive cows away from (he stads or krauls
during the dav, o their grazing. Calves remain behind
and pick up whatever ©* succulent " material they possi-
ly can find avound the huts. The nafive’s sense of
hygiene is not over-developed, and frequently he uvses
the reav of his hut, or the kraal itself, to relieve himself.
Either the fowl, the pig or the calf aets as a scavenger.
The Superintendent of the Pietermaritzburg abattoir
considers thiz the most probable source of infection in
Natal.
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Enviroument and physical conditions play a large part in the
natural mode of infection of the adult bhovine,

Wheress in Europe and in some parts of Asia (e.g., Bali) flonds
must be considered as the premier disseminators of Twenia saginata
egas, it is felt that in South Africa these factors are less responsible.
Iu fact, some abattoir observers believe that measles 1s far more
frequently enconntered during, or just after severe droughts. During
the severe droughts, sueh as those we experienced in South Alrica
in 1933 and several years previously, natural grazing was reduced
to a mininmmm, and tfle pru“nhility that bovines would freely ingest
human exeretum wis greater,

Theoretically and practically it is accepted that moisture is the
most important factor in the viability of all Lhelminth ova. Ou the
other hand, it has not yet been established how long a pasture will
remain infective with faenia ova; what amount of drought the 7.
saginata vva will withstand, and whether bovines cun freely become
infected when grazing on pastures under conditions of dronght. The
present writer does not hold a somwewhat dogmatic view that the
T. saginata ova can necessarily withstand excessive dronght and
that grazing on drought-stricken veld is more likely to cause iufec-
tion than on green, rain-soaked pasturage. The latter condition
will eertuinly maintain the vitality of the ova,

I am, however, of the convinced opinion that in South Africa
cattle will more readily ingest human exeretum during times of
dronght, than during periods of plenty.

It will he noticed in the map and survey of the incidence of
measles in Part I1 of this work, that the incidence of measles is rela-
tively much lower in those areas, e.g., the Vryburg District, where
wide open ranges exist as eattle runs, under ranching conditions,
than in the areas where cattle are customarily brought in to human
habitations at night. Under such ranching conditions, even in times
of drought, there is more available grazing and less opportunity for
contact with groups of humans. Tt may be possible that any Taenia
saginata ova will die off quickly on such ranges, unless, of course,
the humanly deposited faeces are ingested soon after exeretion. The
chances that humman exeretum will be ingested by bovines are, there-
fore, considerably less on vast eattle rans.

Conditions of drought leading to the ready ingestion of huwan
excretum are of greater importance close to human habitations. This
is particnlarly noficeable in areas occupied by nalives, for example
in our Native Reserves, where all land is ** common property ™ and
nnfenced and consequently badly ** trodden out . Maost natives in
the Reserves bring their stock to cattle-posts at night. The cattle
are kranled overnight and let out early next morning. IHaving heen
kraoled withont food during the night, the hungry bovines (herds
consisting of milk cows, dry cows, numerous bulls and tollies, all
mixed) will snateh up whatever ** luscious-looking " material may he
Iying about the stad. and this frequently contains human exerefum.
Often some green grass may grow in the vicinity of water-holes at the
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cattle-posts, and any bush or grassy cover near these water-holes is
used by the herd boys and women water-carriers for defaccation. As
a rule this will he the only grass available near the stad, which is
generally trodden uite bave. The Afvican native will defaecate any-
where withiu his stad, his cattle kraal, close to his water-holes or on
the neavest fringe of bush surrounding the stad or the cattle-post.
ll;L clan be assured that he will not go much beyond the first fringe of
ush.

According to older writers, Leuckart, Neumann and others, iu
Abyssinia, where a very high incideuce of 7. boris formerly existed,
and where the incidence of 7, saginatae was almost 100 per cent.
among the natives, very similar conditions existed. The hygienic
customs of the African natives are similar from the Cape to the North
Coast of Afrien. Their primitive methods of cattle husbandry are
also, more or less, nniform throughout the African Continent. Thus,
Daunbney (1936) velates an almost identical source of infection in
Kenya. He writes that experience shows that in Kenya measles
infestation is contracted largely in the neighbonrhomd of the home-
stead buildings, or at other places where natives are concentrated.
Night bomas (the equivalent of our kraals) are frequently con-
strueted near the homestead and are semi-permanent structures, com-
plete with one or two wmwd hats of the Masai iype, in which the
herds and their families sleep.  Any grass or bush in the immediate
neighbourhond of the boma is used as cover by the natives during
defaecation, ** until eventually the whole area becomes heavily con-
taminated with viable tapeworm eges.” Each morning the cattle
lenve the boma, and after having heen shut up all night without
food, they eagerly snatch up a few mouthfuls of grass immediately
they leave the enclosure. Tt is here that most infestations are
contracted : wide ranges for grazing during the day considerably
futh;l-e_s: their chances of picking up eges voided by one or two native
werds,

Dr. Monunig, ot the International Hygiene Conference ot Johan-
uesburg in 1936, vorrectly referred to the fuet that whilst mwan in
civilised communities has done almost evervihing in his power fo
safeguard his own person fromi contraction of 7. sagnicta and 7
solivwm, through the agencies of meat inspection, very little has been
done in the way of educating the favmer and the nafive in safe-
guarding his bovine or his pig from the converse infection. ** We
know little about the viabilify of tapeworm eggs under natural con-
ditious. how long a pasture may remain infected. and by whai
agencies (flies, dungbeetles, hirds, efe.), tapeworm eggs may he
spread.”  (Ménniz, 1936.)

The Manager of the Pietermaritzburg abattoir supports my view
that times of drought are the most favourable for the natural inges-
tion of tapeworm egas, by the hovine. He writes (27th October,
1936) : —** I believe that o drought has (he effect of inereasing the
number of animals to be found infected with measles. This may be
attributed to the fact that animals ave forced, through shortage of
foud, into grazing in areas adjacent to native kraals, ete., where
they would not graze in normal times, An inevease in the percentage
of cattle infected has been noticeable at this abattoir during periods
ol drought in the past.”
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(One of the local butchers, who at one fime was o g luser
through condemnations of beel carcasses for measles, eently, in
conversation informed we that durimg the great drought of 1933 hLe
actuplly saw ecattle eating human exeretum in the Thaba "Nehu
Native Reserve, where, at that time, not a hlade of grass was to le
seen, )

In other parts of Africa, e.z.. in Senegal, Teppuz (1925) states
that at Dakar he observed more cases of measles among lean cachetie
cattle than among siock in good condition.  Teppuz also wmentions
that he ssceribes the high percentage of eases in cattle in Senegal to
Mhe fact that the Seneralese graze their eattle on the excretuin dumps
of the fowns, where little orass grows, and eattle are eompelled o
gnaw the ground. Tt would appenr that fhe Senegnlese use any
unfenced ground for defaecation.

From Asia Minor, Valade (1927) records (hat the sanitary cns-
toms of the Syrians are equally disgusting,  Human exersfum is
dumped al vandom aronnd 1ll'm towns,

In Sonth Africa there have been wo records that €. boeis has
been contracted on sewage Farm pastures. I some other conntries
mild outhreaks of €. horis have hoen recorded, as o result of pasturage
on sewage furms. The only outhreaks of €', bovis infection, of any
importance, in Australin ocenrred o few yvears awo among catile
which had been pasinred on the Werribee sewage farm in Vieloria.
Aceording to Mr. JJ, Drabble, BV .Se., Veterinary Officer in charge
of meat inspection at the New Sonth Wales State Abatfoir, when the
onthreak at Werribee was reported in the Press, the pulilic of Vie-
toria retused to buy heef. This eaused a good deal of consternntion
among cattle owners, and the Government had to assure the publie
that eattle from the sewage farm would, in future, he slunghtered and
utilized for purposes other than human consumption.

Iu Germany and in Holland there appears to be o good denl of
difference of opinion as to whether pasturage on sewage confaminates
lands (ineluding the feeding of ecatile with hay and other fodder
grown ot such lands), or whether pasinrage on flood-water Lunds is
the ereater danger of infection of hovines with . beovis.  Among
writers who held the opinion that sewsge contaminated pasturage
wis the greater danger were Zwijnenherg (1920), K. Miiller (1927,
Wernery (1931), Krueger (1934 and 10355, and also Dr. Miissemeier
of Berlin.  Among those who fuvoored the apinion thot fload waters
disseminated faenia ova and thus greally contominated grazing were
Profir and also Prof. C. F. van Oijen of Utrecht,

Dr. Miissemeier of Berlin, in o personal letter (15.12.96) ex-
pressed the opinion that the feeding of bovines an hay aml ofher
cattle-fodders grown on Rieselfeldery wos the greatest souree of
infection in Germany. He defined the term *° Rieselfeldern ™ ns
“Hhose  lands  which arve flooded with ety drainage  waters
(Abwdssern). which may even contain human faeces."  (In other
words sewage contaminated lands.)

Zwijnenberg (1920) wus of opinien that the inerease in the
number of cases of eysticercosis in bovines in Holland aml in (rer-
many sinee the Great War, could he attributed to the greater amount
of human faeces which were at times used for manuring grazing
lands, owing to the shortage of fertilizer.
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K. Miller (1927) pointed out the risk of depositing hunan
excretum on grazing lands.  Lands used for depositing human faeces
should only be used for agricultural purposes. Another source of
infection in Miiller's opinion was the habit of some farmers to
defaecate 1n stables.

Wernery (19:31) believed that the spreading of measles resulted
mainly from the grazing of cattle on lands wsed by humans for
defaccation, or on lands on which faeces were deposited.

Krueger (1934) expressed the opinion that the chief souwrce of
infection ol bovines was the grazing on lands contaminated with
sewage (Lieselfelderny, or the feeding of stock with hay, grass sl
other food-stuffs grown on such lands,  He mentioned that in Kofthus
190 tapeworm carviers were receiving medical attention, and that
2 per cent, of all cattle slaughtered in Kotthus were found infected
with eysticercosis,  Luter (1930), after Prole had attacked his views,
Krueger reiterated his previous remarks, and stressed the point that
grass from Rieselfeldern was twice as effective in spreading 7.
saginata ova and thus infecting eattle with (. buris as other green
fodder in Kotthnus,

Against the opinions expressed by Kraeger, Profe (1934) wrote.
He somewhat severely eriticised Krneger's opinion, und mainfained
that Krueger had not eited sulficient proof that the Kottbus cattle
wera infected through grazing on the Rieselfeldern, or from fodder
grown on such lands. Profé was of opinion that far more tapeworm
egus were conveyed in flood-waters from streams which covered
grazing linds,

Prof. (. 1. van Oijen informed the present writer (137 10 736)
that he aseribed one of the main reasons for the large percentages of
cases of €. boris al some of the Duteh abattoirs, e.g. Rheeden,
Arnhem. Amerstoort and Haavlem, 1o the fact that they werse
sitnated on, or close ta, some of the large rivers. He wrote as
follows:

“ One can imagine that the water of the Rhine will
become  heavily infeeted with faenta eggs in the densely
populated indastrial areas of Germany.  The Rhine-water
floods the grazing of the purts where many of the stock
slanghtered in the above-mentioned towns eome fvom. 1o the
ovent of the eoes not dying ot (uiel te gronde gaan), the
chancees of infection for these cattle are much higher, We
have confitmed the bacteriological contamination of the Rhine-
waler by the mentioned industrinl aveas, deeply into onr
tervitory, Tt ois, therefore, also probabile that the faeni eges
gy areive gquite viable, although we have no actual prools Lo
that ellect.”

Watkins-Pitehtord (1923) wis at least one South Afreican writer
who favoured the prohability that Hood waters conld he considered
the main disseminators of eysticercosis infection.  Iis opinion is
strongly supported by the lairly heavy incidence of measles at some
of our South African abattoirs, which deaw thetr slanghter-stock from
coastal native areas (see Incidence Survey, figures for Kingwillinms-
town, last Loudon, Fort Beaufert and Port Elizabeth)., Watkins-
Pitehford, gquoting from the Annual Report of the Director of the
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Jolmunesburg Abattoir for the vear 1922, stated : —** Bovine infesta-
tion varies according to the distriets from which cattle are received :
cattle from coastal areas show a greater percentage of iufestation
than cattle from inland districts. This peculiarity is doubtless to be
attributed to the relative dampness of the pasturage and greater
trequency of streams—factors which facilitate the survival aund
distribution of the segments and ova of the worms when passed in
human facces’

Le Coultre (1928) attrilintes the very high ineidence of €7, buris
on the Balinese sawahs to Hooding conditious.  Sawahs are lands
(rice, maize, ground-nuts, ete.) which are ierigated Trom the stremmns
by ordinary damming and flooding. Lo Coultre mentions the possi-
bility that one or two tapeworm carviers in the mountains may. by
defaecating in the streams, canse thousands of tacnm egps (o be dis-
seminated over the sewahs.  After the harvest of the crops it is
eustonary to graze stock on some sawahy.  Under other civenmstances
stock (including cows) are used for eultivation while the crops are
growing, and what Tittle grazing they obtain, they do on the sawalis.

Lievree (1933) attributes the occasionul heavy iplestations of
individual cattle in France to the ingestion of complete segments
in human stools passed in stables, on grazing lands, ete,

Nielsen (1935) expresses the opinion that bovine infestations in
Denmark are most frequently acquired in swmwmer, but he connot
attribute any direct cause for that,

To summarize, the present writer is of opinion that the main
source of iofestation in South Africa is the wpative's insanitary
customs.  Conditions of drought undoubtedly play an hmportant part
in the propagation of this parasitic species, in so far as that under
such conditions, especially in the hadly tradden-out Native Reserves,
hardly a blade of grass may survive in the veld. Native cattle then
frequently remain in the vieinity of the stad, where they may still
findd worsels of food, whereas our of the dronght-stricken veld aothing
it 1o be fousd. These morsels of fond frequently consist entirely of
human dejecta,

On large open ranges the probability (hat the bovine will ingest
human exeretum s much less,

In the interior of the Union stremms ploy little or no part in the
propugation of teenta ova, sinee, in geveral, our infertor streams
consist of dey sondy sproits, which, wore frequently than not run
only after heavy rains. A greater danger, from this souree, in the
present writer's opinion is that on veeasion a faenio carrier may
defacecate into, or on the edge of pools (kuile) of standing, sometines
stagnant, water in these sprots.  Such contaminated water may then
be an pmportant source of infection to the hovine, especially if cattle
use the pools for drinking. 1t is extremely doubttul if Hood waters
are as important in South Afriea, as they ave claimed to be in Enrope,
in dissemination of eysticercosis.  When our South Afriean rivers
vome down in fHood, the huge volume of water generally Hows swiftly,
between the very steep banks of our rivers.  Very rarely is the country
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so flat that the banks are simply flooded over, and that adjoining
grazing 1s very mueh affected,  Direct contamination of 1v.uuﬁned_ areas
of grazing, kraals, drinking places and occasional shortage of tood
are the main sourvee of infection in Sonuth Africa.

PART IV,

A, The Judgment of Measly Carcasses.

In many countries in which the incidence of Cysticercus buris is
low, it is customary 1o condemn a meazly carcass, irvespective of
whether only a single measle, which may even be degenerated, or
many tweasles wmay be found in the inspection ineisions.  In some
other conntries with a relatively high jucidence of beef measles, it hus
been considered wilful waste to condemn lightly infested carcasses
outright.  Ways and means of sterilising such lightly infested
carcasses have been found, so that after various modes of treatment
the infested eareasses have been considered, or oven rendered, fit for
homon consumption.  These various wethods of sterilisation, and the
time required for the treatment of the carcass according to whatever
method way be employed, have been bused upon the results of tests
for the viohility of measles subjected to the various processes,

With rvegard to Cysticercus cellulosae, it has heen customary in
many countries 1o condemn measly pig carcasses outright, no matfer
how light the infestation of the corcasses may be. This somewhat
severe Judgment, it is supposed, has been based on some of the
erroneons opinions of many of the older writers who eonsidered, e.g..
that the pig measle was not destroved by freezing, or vorreetly so,
that the older c¢hilling method of sterilisation had comparatively
little effect on the €. eellulosae.

FPurthermore, it was considered uneconomical to treat measly pork
carcasses  for definite  (formerly prolonged), periods 0 treezing
chumbers.  The last named is probably the reason why few abattoirs

in South Africa encourage the treatment by freezing of measly pork
CATCasses.

Junesext or Meascy Uarcasses s Grear Brrrais,

~ Acconrding to Leighton (1927) amongst the English reconomenda-
tions are: —

ﬁ'u-_utir.m V.—Instructions as to the action {o be taken in the event of
evidence of other disease being Found in ecarcasses of hovines, swine,
ofe. (other than tuberculosis),

AL The entire carcass and all the organs shall be condemmned if
evidence of any of the following conditions is found : —

(Amongst others):

G. Cysticercus hovis (measly beef), if generalized in the meat
substance.
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7. Cysticercus cellnlosas (measly pork), i generalized in the
meal substance.

With regard to the judgment of measly carcasses in Scotland,
Leighton (1924) guotes ;—

“In the event of evidence of ('ystrcercus lavis (beel
measles) being found in a carcass and for in a head, the carcass
and/or the head wmay be passed for humuan  consnmption
provided that they are placed in cold storage at a temperature
not higher than 20° Fahrenheit, for a period of at least three
weeks, or, alternatively, they shall be seized.”” The Section is.
of course, devised {o permit of saving such measly carcasses
slanghtered at abattoirs where suitable refvigeration is avail-
able, since it is believed that a temperuture of 202 I, for three
weeks is lethal to the Cysticercns borvs.

Seetion A of Part V of the Scotlamd Meal Regulations (1924)
provides that the entive carenss and all the viscera of pigs infeeted
with Cysticoreuws coellulosae shall he condemmnaed,

Tue Jvncuext or Measny Caneasses a8 (TEraasy,

In fhe fourth (English) edition of his ** Hawdbook of Meat
Lnspection ™', von Ostertag (1913) gives the following official Regula-
tions concerning the m:-!flml of procedure with measly hogs up till
that time,

For the Kingdom of Prussia, the following Ordinance wus passed
on February 16th, 1876 —

1. That fat obtained from meusly hogs hy rendeving or
cooking may be utilized unconditionally, but that lean
meat ¢an only be admitted for sule or for use in one's own
household in eases where it is only slightly infested with
cysticerci and is thoroughly boiled under police supervision
aiter having been previously eut up.  (According to
deeision of the Second (‘riminal Sewvate of the Tmperial
Court, March 25th. 1884 (p. 106), the rendeved fai of
measly  hogs is 1o be sold ander declyration.—von
Ostertaw).

2. That no objection whatever, from a sanitary police stand-
point can be raised against the use of suitable parts of
measly hogs in the preparation of soap or glue, or agninst
the free utilization of the skin and bnstles, aud the
chemical ntilization of the whole hody, and that these uses
are fo be permitted without hesitation,”'

Ao That in all ecases in which hogs are found to he badly
infested with egsticercr, care must he exercized hy (he
police to secure the certain destraction of the coreass, after
this has been utilized as far as possible,

With reference to the utilization of viscern free from eysticerer,
a decree of the Ministeries of the IToterior and Edueation, June 26Gih,

1883, permits the fat, liver and intestines of hogs found to be measly
to be freely admitted to the market as food Tor man, provided they
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have heen found, upon exanination, to be free from cysticercr. Von
Ostertug (1913) gives the following Regnlations, in accordance with
the opinion of the Royal Superior Medical Committee, May 20th,
1882, which were applicable to Bavaria:—

1. The meat of hogs extensively intested with cysticerci is to
Be withheld from consumption and from the pulilic market
and is to be rendered harmless in a suitable manner. In
the case of fat hogs, the separation and removal of the
bucon is to be allowed at the request of the owner. No
abjection can be raised to the technical(") utilization of
such animals.

2. In cases where the epsticeret oceur only sparingly in the
meat, it may, according to(*) the apinion of a scientific
mieat inspector, and after it has heen praperly cooked under
yolive supervision, he turned over to the owner for use in
s own household.

The owner is to be properly instrocted concorning the
danger to human health from measly meat and is to he
made cognizant of the police regulutions concerning the
vontral of such matters,

4. The publie sale of meat, slightly infested, is to be permitted
in /n-'ﬁ:mal’_x under declaration of the danger from the meat
only after it has heen properly cooked under police super-
vision.

In the Kingdom of Saxony, the meat of hogs slightly infested
with cysticerci is to he admitted to the market in a cooked or pickled
condition, as unmarketable. The fat may be treated by rendering
instead of hniling or pi(tHi.ng. The liver, s|llt't'n. kidn@_\‘:“. stomach
and intestines of measly hogs may he utilized in a raw condition as
non-marketalile, provided they are found to be free from cysticeret
by veterinary inspection.

In his work of 1934 van Ostertug gives the following directions
for the trentment of pork or meat of other unimals (canines) infected
with Cysticercus cellulosae ; —

1. Tu the dog, the whole eareass is unfit for food.

2. In a mild infestation in swine, the flesh is fit for food when
cooked, steamed or pickled hut not when chilled or frozen.

3. The fal of infested swine is it for use.

4. The cooking and steaming of ecysticercous pork is sufficient

when the innermost parts are gravish=white and there is
no red meat juive,

("1 and(*) The wording is precisely as that of von Ostectag.
("3 It is mot eclear what b= meant by technical utilization "', but it s
presumed that von Ostertag interprets the Regulntion to moean that the

meat of measly hogs may be wsed as fertilizer, moat meal and for other
technical purposes, bur not for haman consumption.

(*Y The \n'nrl.lmp.'1 of this Regulation is not guite clear, but, here again, it w
presamed that von Ostertag infers that, if in the opinion of o qualified
meat inspector (presumahbly a veterinarian) the carcass is not too grossly
imfested. the owner may receive 1t for his own use, but not for sale.
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For measly cattle, in his ** Handbook of Meat Inspection ™, 1913,
von Ostertag states than in the Kingdom of Prussia the method of
procedure with the meat of measly cattle was regulated up till 1915
hy”u ministerial decree of November 18th, 1897, which read as
follows :—

* Sinee the conditions for the destruction of the beef
measle worm have been more accurately determined by detailed
investigations, than iu the case of the pig measle worm, we
have compiled * the principles for the sanitary police procedure
with measly cattle and ealves.” While we herehy rvepeal all
previons regulations oud order that until further notice, pro-
cedure in this case shall be governed sccording to the principles
hereby formulated.  We call attention at the sawe time fo the
following statements: —

Meat is to be considered well hoiled, when o aniform gray
colour is observed on n Iresh cross section,

The content of salt solutiom is to he acenrately determined
or controlled in the preparation of brine, or by means of the
alkalimeter.

The pieces to be utilized in pickling shall vot he heavier
than 28 Kgm,

Pickled meat is to be kept under police control during the
preseribed period,

For the determinution of the temperature in cold storage
rooms in operation in public ahattoirs, tested muximum and
minimum thermometers are to be used, und reliahle self-
rewistering hygrometers for the determination of the moisture.

The temperature and moisture content of the room are to
be taken during the forenvon and evening of each day and to
he registared in tabular form.

When properly equipped, cold storage rooms in operstion
in public abattoirs cun iw considered ns * suitable . The
distriet veterinarian, in co-operation with the local police
authorities, shall decide in each individual case whether the
conditions for the proper Treatment of the meat by cooking or
hanging are present,  7The meat of caftle which are only
slightly infested with eystioerer way be hung in quariers in
special apartments under police control; that of ealves in a
similar condition, without quartering. In a given apartment,
ouly the meat of one or severnl mensly animals slaughtered on
different days should be placed in the same apartment, only
when the pieces of meat are so stamped that uh possible con-
fusion is avoided.

Although it has been demonstrated by previous investiga-
tions that decomposition of meat does not take place in cald
storage rooms with the required temperatures and moisture
content, it should, mewrtheiess, he determined by a velerina-
rian after the lapse of 21 days and hefore the meat is
discharged, whether the meat has kept well and is not tainted.
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By means of the provision that the meat of animals
slightly infested with eysticerei and which has been rendered
suttable for human consumption, shall be sold only fo the
cousumer or for domestic use, it is intended to prevent com-
mereial middlemen, butchers, sausage makers and hotel keepers
from obtaining possession of such meat.  If  considered
necessary. the resale of this meat is to be forbidden unider the
penalty of law.”

Von Osterdag then proceeds to quote the Prineiples governing
the Sanitary Police Procedure with measly cattle and calves:

According to the number of eysticercr tound in the ronline
incisions, distinction is made bheiwesn—

() animals with at most ten living eysticerei : slightly rafested
aminalsy

(h) animals with wmore than ten living eysticerce: hearvily
tifested antmals,

Tor free utilization as human food are admitted—
(1) renderved fut, vneonditionally;

(2) the liver, spleen, kidneys, stomach aud intestines of animals
slightly infested with eysticerci, in so far as these organs
are found upon veterinary iuspection, to he free from
cysticerer;

() animals slightly infested with egsticercr in which the
eysticerci which are found, are according 1o velerinary
opinion, in a condition of complete caleification.

1t is permitted to sell meat of animals shightly infested with
cysticerei, after its dangerous properties have been removed under
veterinary supervision, for domestic use, or for sale in special booths,
Jreibanks, ete., in pieces not larger than 24 Kgm., and for sale only
to the consumers ond under statement of its measly nature.

The necessary treatment required is—
(1) thorough hLoiling, or,

(2) pickling for twenty-one days in 25 per cont, hrine solutiou,
m',

() preservation for iweniyv-one days in suitable cold storage
rooms in which a temperature of 82 C, to at most 79 (.
prevails, and a woistuve content of 70 1o a1 most 75 per
cent,

The carcasses of unimals badly infested with cysticerer are to be
utilized for technical purposes, or otherwise rendered innocuous under
police supervision.

For the Kingdom of Saxony, von Ostertag (191:4) states that the
meat of measly cattle, according to Section 5 of the New Regulations,
Appendix 6 to Section 16 of the Regulations for carrying oul the
Suson Meat Inspection Law (principles underlving the judgment of
meat), is to be thoroughly boiled, pickled or refrigerated.
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In the Grand Duchy of Baden, Ihv following prineiples prevailed,
prior to 1913 (von Ostertag, 1913)

1. Meal is to e l'l:ln."-itlt'l't'tl ns unfit tor food, when the
eysticerer ave present in o such number that they wre seen
on  the wmajority of the eut surfaces in the body
museulature.

M

The meat of animals slightly infested with eysticerei—that
1s., animals in which only isalated cyshicered oeeur, except
in the museles of mastieation—is fo he considered as fit for
food, but not marketable, after a previous boiling, pickling
or vefrigeration for three weeks under police supervision.
The temperature in cold stornge must nol exceed 52 (')
If the eysticerer are shown to be dead, 1his procedure is
not necessary.

3o The meat of animals in which only isolated eysticerer oeonr
in the muscles of mastieation is marketable, but in such
cases the head is to be (reated according to No. 2,

Von Ostertag (1934) gives the following summary of (e revised
f,umnum Regulations for the treatment of heef infestod with €
s

1. Severe [nfection.—Tiving or dead f!;hht(’!fll foand in (he
majarity of the seats of predilection awd other nuseles
after incisions in more than one place; or o watery or
discolovred condition of the fesh, withou! reference to the
degree of evsticercous infection,

Judgment.—The whole carveass is unfit for hnman
cousumption, with the fnllm\mg exceptions—fat, Tliver,
spleen, kiduveys, stomuch, intestines, brain, p.plnul ol
and udders, provided they ave free Trom eysbeerce after
caretul inspection, ofherwise they ave unfit, except the fat,
Mald Tufeotion.—All cases in which living eysticere:s arve
found, excluding eases of severe infection, and vases with
watery or digcoloured Hesh.

Judgueiat.—The whole carcass 18 fit for human von-
stmption when the flesh has been pickled or kept 1n a
cooling or I‘Iu'diu“‘ room  for 21 dnyﬁ‘ and the cysbiveres
thereby renderved innocuons.  Fat, liver, spleen, kidonoeys,
stomaeh, intestines, brain, :-.plmni vord and udders are fit,
provided they are found free from eysticerer ; nlhpi\\lw
they are to be treated as other parts ol the hady.,

\Hunlin" fo von Ostertag (1934, the tollowing official divections
are in force in Germuny at present, for the preservation of heel with
H|l"‘hl eysticerecis mte«hnn. for twenty-oue days in o eooling room o1
in a freezing chumber :

AL Lo The meat must be cooled to air temperature and its surfiace
well deied in air before it is placed in the cooling room.

2. The infeeted meat must be kept sepurate, under loek and
key, Trom other meat,

A, The day of introduetion into the vooling room must he
clearly murked on each portion of wmeat.
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4. The separate parts or quarters of the animals must be hung
g0 s to be exposed to sir ou all sides,  The abdominal
integument wmust be extended so that it does not lie apon
other parts of the Hesh.

5. The temperature in the cooling-room must be kept at 0° C.
to plus 4° €. The humidity of the air should be: -

At plus 42 €, not more than 75 per cent.
At plus 4° C. not mare than T8 per cent.
At plus 22 . not more than 81 per cent,
At plus 12 ) not more than 85 per cent.
At 0% (', pot wore than 8% per cent.

G. The humidity is to be registered hy a self-regulating
hygrometer, which must he tested from time to tme,

7. Meat which has been kept i the cooling-room for twenty-
one days, must not be sent fo warket till it has been
portified by a veterinnry inspector as of good guality
and free from taint,

B. 1. Before the meat is placed in the freezing-room it must be
cooled to air femperature,  When o cooling-room is af
hond, further cooling to about plus 5° €. s suitable,

.

Directions 2, 3, 4 and 7 are the same as for the
cooling-room,

5. The average temperature of the freezing-room should e
at least - 6° C. to —8° (.

6. The frozen meat should not be cut up before thawing, hat
should be thawed ** in the piece *'.  Any mould present
on the surface should be removed with a knife before
thawing.

The best temperature for thawing is from plus
59 (. to plus 69 (., and o humidity of 75 per cent.

Buri (1915) proposed a scheme for the judgment of measly heel,
applicable to Switzerland, which coincided almost identically with
that in use in Germany at that time.  Io this sebheme Buri diseri-
winated  between  ** single  measled ™', % multi-mensled 7 awd
 heavily measled 7 bovine curcasses,

(Aceording to von Ostertag, quite a number of workers in
Germany and elsewhere, amongst whom were Maller, Noack and
Louft, rvaised objections to the detention for treatment ot " single-
measled ™ earveasses, especially those i which no farther eysticercr
were found after vumfu‘ search,)

Jupeyext or Measty Cagcasses v Honeasp,

Lo Holland, the Netherlands Vieeschkeuringswet of 1919 as
amended 1n 1922, preseribed fnter alia: —

Lightly infected beef carcasses cun he passed as fit for human con-
sumpfion : —

(a) After sterilization, and also after the meat has bean
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(f) ten days in o freezing chamber at - 109 (!, or,

(¢) has been pickled for three weeks in 20 per cent. salt
solution, in pieces of 3 Kgm., or,

() has been preserved for three weeks in a chilling-room at a
maximum femperature of plus 4° (',

For France, Piettre (1922) vecommended nny of the following
modes of treatment of lightly infested measly meat,  According to
that writer, it would appear that up till 1922 wo Regulations existed
in Franee for the treatment of measly meat;—

() Heating; (b)) Pickling: (¢) Freezing: () Cooling chambers.
Referring to Syria, Valade (1927) vecommended :—
(@) Total condemmation in cases ol generalized cysticercosis.
(h) Total condemnation of emacinted careasses with only a few
localized cysticere.
(¢) Passing of the earcass in those cuses in which only one or

two measles are found in the predilection sites named by
liim.

Jencuryt o Mpasey Caneasses ox e Usien Svares.

The Umted States Burean of Awmal Todustry Ovder 211,
Regulation 11, Section 17, is quoted by Edelmann, Mohler and
Fichhorn (1934).  This Regulation allows the pussing for sterilization
of caveasses alfected with Cysticercus cellulosae, Imt il the infestation
15 excessive, the careass is condemned,

Edelniaun, Mohler and Eichhorn state that mensly carcasses of
lmrk are sterilized by high temperatures and strong brine solutions,
it provision for the freezing of wmeazly pork carcasses has nol yet
been ipcorporated into the Ameriean meat yegulations,

“ Meat is considered heavily infested when the weasles
are found alive or dead in lorge numbers in arvens as large as
the pahm of the hand, on incising museles in the favourite
loeations of the meuasles. This is the case, as a rule, when iy
the majovity of the ent surfaces more thay one mensle is fonnd
in each section."

The same writers quote the Bureau of Animal Industey IHT.H.;\.}
Order 211, Regulation 11, Section 16, which deals with the judgment
of measly beel carcasses : —

OUarensses ol eattle (neluding the viseera) inflested with
tapeworms eysts known as Cysticerens boris shall be condemned
if the infestation is excessive, or if the meat 1= watery orv
discoloured. Carcasses shall be considered excessively infested
if incisions in various parts of the musculature expose on most
of the cut surfaces fwo or more eysts within an area the size of
the palm of the hand.

A earcass in which infestation is limited to one dead anid
degenerated cyst may be passed for food after removal and
condemunation of the eyst,
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Carcasses of rcattle showing a slight or moderate infesta-
tion, as determined by a eareful examivation of the heart
museles of mastication, tongue, diaphragm and its pillars, and
ortions of the carcass remdered visible by the process of
tl.lrt-.i\sing, may be passed for food after removal and condemna-
tion of the cysts, with the surrounding tissues, provided the
carcasses and parts, appropriately identified by retained tags,
are held in cold storage, or pickle for not less than twenly-one
days, under conditions which will insure proper preservation ;
and provided further, that if the temperature at which such
carcasses and parts are held in cold storage does not exceed
159 F,, the period of retention may be reduced to six days,
As an alternative to vetention in cold storage or pickle, such
carcasses and parts may be passed for sterilization. Iats of
careasses passed for food or for sterilization under the ahove
provisions may be passed for food provided they are welted at
i temperature of not less thun 1409 F. The wldible viscera,
except the lungs and heart, of carcusses passed for foond or for
sterilization under the provisions of the above paragruphs nay
be passed for food without refrigeration or other process of
sterilization, provided they ave fonmd (o e free Teom infesta-
tion upon  final inspection,  The intestines, wensands auil
bladders from beef carcusses affected with ysticercns hovis
which bave heen passed for food or for sterilization may he
used for easings after they have been subjected to the usual
methods of preparation and may be passed for sueh purpose
upon completion of the final inspection.™

Jupneuest o Measey Cancasses iy Canapa,

The Canadian ** Meat aml Coanned Foods Aet ™ of 1924 as
revised 20th March, 1932, provides for the treatinent in cold storage
for twentyv-one dayvs of carveasses slightly afectod with Cysticercns
hovis.

Section 15 preseribes that sueh earcasses must be veported an
preseribed form, and must he re-inspected on the day they are taken
vt of eold storage, and if then :-nmllmmwd. they must he certified an
another form as “ condemned on ve-inspection ',

Tu Australin no rvegulations for the sterilizution of measly
careasses exist.  Aceording to Drabhle (1936), pig measles has never
been fonnd in that country, and alse, according to personal advice
from that author (1936), ** Wholesome meat is cheap and plentitul
in Australia, and the public will not buy frozen measly meat.”

The incidence of measles in Australia is so low, that the economic
significance of destruction of the half-a-dozen, or so, measly hovine
carcusses which have been found from time to time, has Deen
negligible, Tt has been eonsidered justifiable to condemn any careass
which might show a single measle.
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Jurpameyt or Measty Uarcasses v Some Parts or Avnica.

Madagascar.

On the island of Madagascar, according to Poisson (1929), ** a
pig affected with ecysticercosis, whether seriously or not, is not to be
delivered for alimentation until if has been cut up in pieces weighing
about oue kilogramme, and boiled for three howrs; this is to aveid
any danger to public health.”

Northern Rhodesia.

Thee Medical Otficer ot Healtl, Ndola writes (11.11.36) : —

“ During 19549 efforts were niade to reduce losses through
eystivereosis by freezing, but it was found to be uneconomical,
pnd sinee then all carcasses showing exsts are condemmned,
irrespective of the degree of infestation.”™

Tmr.y:myif.’r: Lerr tory.

The following information on the degree of infestation which
justifies the comdemnation of measly carcasses, has heen Kindly
supplied by Capt. H. J. Lowe, M.R.C.V.S., of the Department of
Veterinary Science and Animal 11 llﬁhanllz"\‘, Hlm‘a]]-\\'u (24.10.34) : —

Ol more civilized countries the presence of o single eyst
woulil he suflicient to condemn the whole careass, but in a
country such as this, wherve the incidence of €. boeis 1s high,
such a procedure conld not possibly be enforesd.  As o general
tile oue method is to condenn oply those carcasses in which
more than half-a-dozen cysts can he demonstrated in two or
more sites, awd in other cases the carcass is stevilized by hoitling
and sold as cheap meat 1o the natives.  This is adnattedly not
very satistactory o that many infected carcusses are passed
for lnvoan consumption after the few demonstralile cysts have
been removed, but it is thought that any improvement must
await the time, when by edueation, the natives can be
persuaded to adopt more sanitary habits in regard to the
disposal of exereta and general cleanliness.”

Kreaya Calony.

In Kenya the standard adopted in the past has been based on
that formerly applied in South Africa and in vcertain parts of
Crermiany.  Carcasses in which less than six viable measles cun be
found by the aneat anspector, are passed for conswnption, after
vemoval of the infected portions of meat. Careasses in which six or
more viable measles are found are condenmed, and are treated in
the hy-products plant at the abattoir. 11 is proposed to fighten up
the Regulations in respect of measled careasses in the Naivobi Muni-
cipal Abattoir in the near future, amd if the proposals that have heey
put forward ure eventually adopted, a single viable eyxlicercus will
be sufficient to cause the condemnation of the whole careass (Davbuey,
19496).  Mr. Daubuey informs me that the Medical Officer of Health
{(Nairobi. recently informed the Stock Owners”™ Conference that were
the standard of inspection raised so that any animal with o single
viahle cysticercus was condemued, the percentage of condemned catile
would he inereased by 4:7 in the case of grade cattle and by 7-4 in
the case of native cattle.
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Union af South Africa.

In the Union of South Afriea, Section 115 of the Public Health
Act, No. 36 of 1919, as amended by Government Notice No. 1456 of
1933, provides for the treatment of lightly infested measly carcasses
in cold storage.

Paragraph 16 (2) of that Section now remls:—

“ Fvery carcass found to be infected with bladderwor
disease (‘" measles ' shall, together with the viscera, be
condenined as unfit for human consumption and destroyed
or treated and disposed of so as not to endanger health save
where—

(@) during examination as aforesaid less than ten bladder-
worms are disclosed; and

(b) less than six cysts are found in the carcoss apart fron
the head, tongue, pluck, stomach and intestines; und

(¢) cold storage to the satisfaction and under the control
or supervision of the local authority, and in which a
temperature of or helow minus ten degrees Centigrade
is continnonsly maintained, is available; and

() the owner or his agent in charge of the carcass requests
that it be placed in such cold storage, sl furnishes
a written undertaking to the satisfaction of the local
authority to defray the cost of so doing,”

Parvagraph 10 (3):—

“1f the conditions specified in paragraph 16 (2) hereof
are complied with, but not otherwise, the carcass, after removal
of all obviously diseased portions, may be placed and kept in
such cold storage for at least fourteen days, and may there-
after he examined and passed as fit for human consumption.”

Sinee no Regulations are framed to the contrary, and no excep-
tions are made in the existing Regulations, of swine carcasses, these
can also be freated in the freezing chamber, It has already been
mentioned that on account of economy it is nof customary in most
South African abattoirs to freeze measly pork eaveasses, and many
abattoir  superintendents and laymen are under the erroneous
impression that the Regulations do not provide for the freezing of
measly pig carcusses,

The writer was informed that at some centres, where no freezing
facilities exist at the abattoir, the local authorities, by arrangement,
permit the freezing of measly carcasses in the chambers on premises
of commercial firms, T know of at least one case, in which a measly
ox carcass was sent from one of the smaller rural centres to a Bloem-
fontein commercial house for the required freezing. The eoareass was
then. certainly, not under the supervision of the local authority con-
cerned, nor eould that particular local authority be satisfied that
proper freezing at - 10° ('. was continuously being carried out for
14 days. Such dealings are quite illegal, because Regulations
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expressly read that cold storage to the satisfaction and wnder the
control or supervision of the local authority. ete., must be available.
Cold stores on the premises of privately-owned commercial houses
cannot be controlled or satisfactorily supervised by a local authority,
und particularly so if that cold store is actually situated in another
town, some two hundred miles away! It might be wise if the
responsible Government inspectors eould investigate sucl malpractices
and satisfy themselves that abattoirs which do not possess freezing
chambers do wot permit the treatment of their measly carcasses
chambers quite out of their contrel.

Varions amendments to this paragraph caused the time specified
for freezing of measly carcasses to be reduced from 84 days to
eventually 14 days. This reduction of the specified time resulled
from reports on various viability tests with measly carcasses which
had been performed in Kurope,

B. Destruction of Cysticerci in Meat.
Vaniovs Meraons oF TESTING ViABILITY oF ('YSTICERCT.

Cysticerns cellulosae and Cysticercus bovis in meat can be
destroyed, and the meat rendered suitable for human consumption
by any of the following agencies, without seriously damaging the
food value of the meat :—

L. By heat up to certain femperatures.
2. By pickling in certain strengths of salt solution,

3. By cold storage at certain temperatures for specific, con-
tinuous periods of time,

Other agencies, e.g. electric rays may also be mentioned, bus
some writers (Clavenhurg, 1932, and others) have had litile or no
success with them.

Betore discnssing the various methods of destroying oysticerc,
it will be necessary to consider the varvious tests which have bheen
employed for the viability of eysticerei. Such tests have been used
with a view to proving whether or not eysticerer in meat, which
has heen subjected to any of the above methods of rendering it fit
for human consumption, have actually been desiroyed in the process,
or, as von Ostertag at varions times, Glietenberg (1931) and others
have suggested, have heen rendered innocuous, although not neces-
surily killed.

The reaction of eysticereir Lo external conditions, or to the infu-
ence of chemical, physical and physiological agencies, have been
taken as criteria of the viability of the cysticeres.

Monnig (1928) very conveniently classified the agencies which
caused phenomena which were accepted by various workers up fo
that fime as eriterin of the capability of development of eysticercn.
Méonnig's classification can, therefore, be followed to o great extent,
with the additional defails of some experiments by previous and
subsequent workers.
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1. Reaction to Warming.

* This,” Monnig wmentions, “ was the first eriterion employed,
and, in combination with other methods (warming in wedia), is still
fhe most important, according to many aunthors. Perroncito (1877),
Ostertag (1897). Ransom (1914), Porter (1923) and others employed
this method.™

Ransom (1914), according to Monnig, states that if the heads
show no movement in the retracted state, they should carefully he
evaginated hy pressure, affer which they will sometimes still show
movement.

Perroncito (1876) isolated Cysticorer cellulosae frowm pork aund
placed them on a Sehulze's warm stuge. At low temperatures (162
CLoto 209 (1) the bladderworm remained inert, but when the tempera-
tures passed 30° C. to 35° (., fairly lively movements of the scolices
and  particularly of the suckers were observed.  The movements
hecame even more intense us a temperature of 429 C. 1o 469 (. was
reached, and gradually ceased after that ftemperature, until at
about 489 (', they stopped oltogether. In 1877 Pervoncito ohserved
that a temperature of 459 C, was suflicient to kill €. boris. He
hased his criterion on his observation that at that temperature the
cysticerer had a clondy appearance, wo wotility was noticed when
they were examined mivroscopically, und infection experiments on
lhumans gove negative results.

Von Ostertag (19135, in deseribing his experiments of 1897,
states that he found warming eysticerci on uw stage the most conve-
nient method. ** Living cystieerer, when heated to a temperature of
409 (1 to 40° €., exhibit under the microscope active movements of
the rostellum, sucking dises and other parts of the head and neck,
while dead cysticerer vemain motionless.  This thermo-microscopic
investigation may be undertaken conveniently in the Nuttall micro-
scope thermostat, or in the simpler and cheaper warming apparatus
for microscopic investigation devised by Kabitz and Rissling.

Porter (1923) did not accept motility of eysticeret when warmed
to certain temperatures, as any guide to viability. She found that
while some living eysticerei certainly did show motile powers on
oradual warming of the stage, some cysticeresr which were definitely
dead, showed the same wovements.  Porter mentioned that some
isolated eysts which she had kept in beiling water for an hour.
showed motility after cooling and subsequent ve-heating on a warm
stage. She also found the same type of movement on warm stages
with certain materials (whether these had lieen frozen or not), such
as indiarubler, parchment, pig's bladder, silk, eatgut and chamois
leather. To sum up, she did not consider that any test of viability
hased on movement of isolated eysticersi on exposure fo heat could
he regarded as a reliable oriterion of the wviability or otherwise of
cysticercr in a joint or carcasse that hud been exposed to freezing.

2. Appearance and Physical Condition.

Monnig (1928) quotes Ostertag, Killisch, Brohmann, Glagé,
Reissmann and others, who observed changes in the appearance and
physical condition of eysticerci, at death.
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Von Ostertag (1913) gquotes Mavtwig, who lound in eysticerc
which had heen exposed to a temperature of G52 (., and was thus
killed, that the scolex, which in a living condition was unusually
resistant to pressure, was so soft that it could e compressed between
two gloss slides, like beelf tallow,  * This alieration must he eon-
sidered as an mellpnt critevion of the anceomplished destruction
of cysticerce by boiling, By means of the above demonstration,
Hertwig simultaneously  disproved  the widespread  ervoneous  view
thut eysticorer which had been killed by boiling or roasting could
le tlief(wtm] i eating the weat, hy a crackling sound hetween the
teeth,”

Killiseh (1923) and Brohmann (1924) stated fthat the vesicles
of live eystricerce ave glistening und pale white, offering a certain
amonnt of resistance on pressure, while in dead specimens they ave
turhid and easily huest.

" live egsticerer, the scolex can be faidy easily extrded
on pressure between the fingers, and appears to * swing out * of the
lll;'urtlw'; in dead egsticeres, the seolex is sticky, drawing theeads
pnd is nob ensily extraded, hot frequently breaks, while o whitish
turbid Huid exwdes from it."”” (Maonnig, 1928.)

Avuie Porter (ID23) made diveet observation on the physical
condition of fresh egsticercs both macroscopieally and microseopi-
eally, and ecarefully compared the results with those observed in
cysticercr from carcases slaughtered at different times, and which
had undergone varvious periods of freezing, She noted :—

(1) In the normal fresh eysticerer of T, solivm and T, say-
inata, that they glistened in appearance, were whitish
to pinkish in bhue, firm fo the touch, not easily mptured.
The fluid within the fresh, normal bladder was practi-
eally volourless, clear and confained very few eellular
elenments,

(1) After three weeks' freezing of o large hind-quarter of
beof, its superficial eysts might be shahtly less firm
than fresh eysts, but deep-seated cysts, on thawing,
were practically as tense as fresh cysts,

(ii1) After four weeks' freezing, and then gradual thawing,
the superficial cysts showed slight change fn the colour
of the Huid in the bladders, though the change was
rarely more than a very pale sitaw colour.  Deepe-seatl
eysts, or eysts wall pl'utm[ml hy fot ravely showed sueh
change.

(iv) After six weeks’ freezing, followed by gradual thawing,
some of the more superficial eysts mlg‘ht show a |1|n|\|-,l|
tint, unlike that of the fresh bladders, as if some
il:it-mn]._\'sis had oecurred within them. This was really
some indication of change of physical condition; {he
wall of the eysticercus fnd become more porous. lu
Porter’s opinion this was not necessarily indicative of
the death of the eysticercus.
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(v) After eight weeks' freezing, the cysticercr, when thawed,
showed more marked t-ulfum- changes. The superficial
ones were bhrownish red, the deeper nnes near hone were
pinkish, and the deepest cysticerer or those well pro-
tected by lavers of fat, still showed little change.

Porter found that clondiness ot the contents of
the bladder was not necessarily a feature in dead
specimens,

She also found that freezing up to three months scemed to make
little difference to the morphology of the eysticercr. In the majority
ol cases the suckers of the worm vetained their distinetuess, the
hooks of Cysticerens cellulosae or of Eehinococer yemained in situ
and showed no tendeney fo sepavate, aml the calearvous bodies
showed no obyious signs of degenerative effects.  Porter did not
notice the dissociation of the ealeaveonus corpusecles in frogen eysti-
cored, w8 was observed by Reissmann (1897).

Killiseh (1923) also placed no value upon the casting of the
hooks as o eriterion of viability of eysticerer,  He found that fre-
quently the hooks of Cysticerci cellulosae, which might still he
alive, although possibly damaged by cold, might he cast or loosened.

Schwey and Bugge (1931) used the demonstration of the exere-
tory ** flame 77 cells as a eriterion of viahility.  Active ** flame '
vells were demonsteated by them up till 39 days after slanghtering.

3. Warming in Saline and Bile Mictures.

A method of testing the viability ot cysticerci by immersion
in warm fluid media was first used by Pervoneito (18770, von Osterfag
(1897) and Glage (1896).

These workers placed fresh, living cysticerer in water, which
was warmted ap to 379 ., or a maximum of 402 €', Von Ostertag
noticed that a living eysticercus in this simple mediaom evaginated
the scolex, which frequently showed lively movemnts,

An improvement on the earlier methods of Perroucito, Glage
and von Ostertag was offected by Franke (1914), who added vavious
quantities of hile to the water, so as to cause the conditions to be more
like those wormally in the human intestine, in which the cysticercus
hid to evaginate and develop.  Franke also fonnd that active evagi-
nation of the seolices ol eysticerer occwrred in physiological saline
solution, to which u few drops of ox or pig bile had been added, and
which had been heated to a temperature of plus-minus 489 (',

A still higger improvement on the Franke method was effected
by Wagner (1922).  He found that the most effective evagination of
sealives oceurred in concentrated bile solutions—>50 per cent. concen-
trations, or stronger, at temperatures 419 €. 1o 429 (", Wagner also
recommended the use of only ox bile Tor Cysticercus boviy tests and
Qi;: bile for Cysticercus cellulosae. These ecould be warmed on
Nuttall's microscope thermostat at 379 €., gradually increasing the
remperatures to 41° €,
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Miiller (1823) performed his tests with € tenwicollis and fonml
the most suceesstul results by using 2 (o 4 per cent. bile solution at
380 (. Killiseh (1923) found ready evagination of scolices of €.
cellulosae in 0°75 per cent. solutions of pig bile iu saline. Move-
uents could be readily seen of the evaginated seolices, wlhen warmed
from 30° C. fo 499 C. and examined ou Nuttall's microscope thermo-
stat.  Rhythmic movements of the head (o the right and the left
were visible to the naked eve, and expansion and coutraction of 1he
suckers were plainly visible.

Glietenberg (1930) used pure pig bile, undiluted, and claimed
very good results.

Suchs (1941) deseribed the following method of festing the
viability of Cysticercus borix by evagination tests: —

(2) The measle is carvefully vewoved from its conneotive tissue
capstle.

{6y The liberated measle is then placed tn o shallow wateh
glass in fresh ox bile.  (No pig hile nor physiological
saline solution is nsed.)

(ed LF an ineubator is not available, the wateh glass is Hoated
on the surtace of water hoated to 409 (.429 (., and the
water bath 1s covered with o Lid, if better results are to
be expected.

() After 1 to 3 minutes the seolex is evaginated and under
the aieroscope lively movements may be observed.

Clavenburg (1932) obtained the best results in 5 per cent. hile
solution, and he found the optimal femperature to he 402 (1, He
gave the following tuble in respect of measles taken from veal which
had been preserved for 38 days iu o vooler (probably his results may
have heen even more conelusive if he had used fresh measles for (his
particular fest for the best strength of bile solution): —

(it of 10 eysticerer in 100 per cent, bile, after 1 hour, 1 com-
pletely evaginated.

Out of 10 eysticerer in 50 per cenf. bile, after 1 hour, 1 com-
pletely and 2 partly evaginated.

Out of 10 eysticerer in 25 per vent. bile, after 1 hour, 1 com-
pletely and 5 partly evaginated.

Out of 10 eysticered in O per cent. bhile, atier 1 hour, 4 coni-
plefely and 3 portly evaginated.

Out of 10 eysticercy in 1 per cent. hile, after 1 hour, 1 vom-
pletely and 0 partly evaginated,

Clarenburg, like Diemont (1923) found that the iost rapid
evagination of scolices oceurred when the hile solution and the glass
receptacle were first heated to 409 (', hefore the eysticerei were placed
in them. and the test commenced. e ulso fonnd that young Tysti-
cerci evaginated more rapidly (after ahout 10 minutes) than older
eysticerci, which sometimes fook abount eight hours {0 evaginate.
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Malkani (1933) used fresh Cysticerer boves for his tests.  After
having removed their outer connective tissue capsules, each cyst was
placed in a pefri-dish containing hile diluted with distilled water.
Some petri-dishes were kept at voom temperatures, while others were
kept at an incubator temperature of 379 (!, No change was visible in
the cysts kept at ordinary room temperatures. In fhe case of those
kept at incubafor temperatures, peristaltic movements were seeu,
during which the alternate ** protrusion and retraction of the ex-
tremity bearing the scolex was very siriking.” Evagination of the
scolex oveurred within 20 hours,

Instead of using bile, various bile salts have been employed by
some authors. Amongst the bile salts which have heen used have
heen sodium  glycocholate, sodinm taurocholate, sodinm palmitate
and sodium stearate.  Clarenburg obtained very little success m
evaginating scolives in sodinm 1:a-rmiiute and sodivm stesrate.  Fle
found that sodinm taurocholate gave better vesults than the glyeo-
cholate, and the optimal temperature was 402 €. A 1 per cent.
solution of sodium taurocholate had almost the same successful
results as a 1 per cent. bile solution, He did not obtain better
reswlts by using stronger solutions (3-5 per cent. and 10 per cent,
solutions), Clarenburg, therefore, maintained that a 5 per cent.
hile-suline solution was the best medium for artificial evaginations
ol scolires.

Using sodinm taurocholate solution, Malkani, on the other hand,
obiained his best evaginations of scolices of ' .boris. By using a
1 per cent, agueouns solution of sodium taurocholate at voom tempe-
ratures, no movements or evaginations occurred, but al 47° C. iu-
eubator temiperature, somewhat sluggish movements resulted and
evagination of the scolices in 18 hours. By using a 5 per cent.
agueous solution of sodium taurocholate, very active movements
resulted in a very short time in the incubator. Evagination of
scolices ocenrred in 29 minutes to 2 hours, By using 1 per cent.
and & per cent. agueous solutions of sodinmm glyeocholate, Malkani
abtained rather less successful resulis.  In these solutions eysts
usually contracted somewhat and assuwed a globular appearance,
usually showed no movement, and evagination oceurred usually more
than 20 hours after,

Clarenburg also did evagination tests in various digestive juices,
e found that evaginations did not take place readily in choline and
aeefocholine solutions, nor in pepsin in various concentrations in
(-2 per cent. hydrochloric acid. e, however, found good vesults
in the used panereatic extract, frypsinogen and panereatin.

4. Staining Keactions.

These were sometimes used by earlier authors (Reissmann, who
showed that dead ecysticerei took aniline stains, whereas living
cysticerce did not), but later workers (Killisch, Brohmann) did not
consider them as sure criteria, except Porter, who hased almost her
entire eriterin on the renctions she oblained 1o various stains.
Minnig, in reviewing Porter’s work, states: “° Tt must he noted here
that the “dead ™' eysticercr, used for comparison in Porter's tests
were boiled and, since Porier’s conclusions are based chiefly on
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staining reactions, all other tests being regarded as unsatisfactory
or indefinite, the conclusions arrvived at on this basis must be read in
this light, since dead fissues cannot be expected 1o staiu like boiled
tissues without further proof, and if they do not, they can likewise
not be considerad to be still alive.”

Porter found that Delafield’s haematoxylin and an acidulated
solution of aqueous methyl green, particularly the latter, proved
most effective. She found, for example, with methyl green solution,
that dead cysts, namely those boiled for three hours, stained a deep
green in the heads: eysts frozen for 22 days shawed very laint green
heads; eysts from a freshly killed animal remained unstained. She
found that some cysts from ecarcasses frozen for 77 days stained very
feehly, denoting, as she concluded, slight signs of life. Similarly
f]nilul stains were noticed in €', eellulosae from o pig frozen for 41
days.

d. Infectivity Tests.

These gave the only conclusive proof of vitality of ¢paticered.
Several writers, and in partienlar von Ostertag, have attempted to
show that although eysticerci might Le weakened owing to external
infuences, their power of infection to human beings has been consi-
derably reduced.

Actual infection tests on human subjects weve performed hy
Perroncito (1877), Zschokke (1896G), vou Ostertag (1897), Ransom
(1914), Porter (1923), Schmey und Bugge (1930).

That infection of the human subject with Taenia saginata and
even more so with Taenia soltum was not without serious risk to the
subject, was appreciated by several writers.  Schmey and Bugge
(1931) were eriticised by various persons, who averred that their
claim that 21 days’, or even 40 days’ chilling of beef was not suth-
cient to kill the contained measles or render them innocuons, was
based on criteria obtained by artificial means, and not by actual
infection tests on their own persons. They, therefore, performed
infection tests on six persons, of whom three developed six Taeniar
saginata, In the article in Tierirzt. Rundsch. 1931, p. 719,
which they deseribe their experiments, Schmey amd Bugge stress
the danger of netual infection tests on humans. They had, theretore,
intended doing sucl infection tests with €, tenuicollis and €' prg-
formis on dogs. In order to silence all eriticism of their work, they
undertnok the infection tests, and remarked: “° Tt 15 easy enongh to
utter criticism, but we wish our crities would undergo a tapeworm
infection along with us, then they will change their tone.”

I would not suggest that fear of infection prompted most workers
hetween the end of last century, when von Ostertag and Zschokke
performed their infection fests und quite vecently, to discard actual
infection tests. Franke's hile-saline method, with the subsegnent
improvements effected by Miiller, Wagner, ete., wus considered a
good criterion, since eonditions approached those of natural infee-
tion. Nevertheless, a certain amount of donbt wust have existed as
to the correctuness and certainty of results obtained by those methods.
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We are therefore, indebted to lwanizky (1932), whe devised a
method which very nearly reached the identical to natural infection,
without endangering the health of the suhject on whom the test was
to be applied.  Iwanizky pointed out the fact that the methods
employed up till 1932, to test the viability of health-damaging
cysticerer did not come up to requirements. He, rightly, maintained
that the only sure method of testing the viability of measles was hy
means of ' infection tests "’ on the human subject. According to
Iwanizky, even the apporently most effective method hitherto em-
ployed, namely that of Franke, had its defects, e¢.g., the use of pig
bile instead of human bile; the use of artificially produced fempera-
tures, instead of natural human body heat; the artificial isolation of
the measles out of their capsules, and the absence of influences of
the human digestive juices.

Iwanizky, according to Keller (1935) wrote :—"* Fven if it were
wssible to put aside all the defects in Franke's method, by using
{mumu hile instead ot swine hile, and that first the measles could be
subjected to the influence of the human stomach juices, which in
practice is not as easy as it seems, the controlled rvesults of the
viahility of the measles (hy using such o modified method of Franke)
would depend upon quite a number of civeumstances, for example,
on the power of assimilation of the gastrie juices, on the intensity of
the influence of these on the measles, on the temperature, ete.’”,

Iwanizky also pointed out the undesirability of self-infection
tests, snch as were performed on themselves and thenr assistants by
von Ostertag, Schmey and Bugge, ele.

Actual human infeection precludes the quick results sometimes
necessary, since it takes a considerable time before the subject may be
satisfied that he has, or has not, contracted tapeworm infection, and
befare he may observe segmenizs in his stools, Tt has also been
sunggested that a measure of immunity in a subject to tapeworm
infection may exist, which would negative infection tests: then again,
it may he necessary for a subject to be repeatedly infected, which
would lead to coufusion in the results obtwined, apart from the
unpleasant discomfort which the subject would expervience.

These were among the factors which Dwanizky considered, when
he devised a new and relatively safe method of testing the viability
ol eysticerci, e vemoved the measles out of the muscles and sewed
them into small silk bags.  According to Keller, if is clear that
Iwanizky did nol remove the mensles from their connective tissne
capsules.  The silk sues were smeared with bulter, pluced on the back
of the tongue and swallowed. Some 20 to 24 hours later, the subject
recovered the silk bags in his stools, and the contents of the bags were
then examined to see whether digestion and absorption, in the case of
dead measles, or whether evaginated and developing seolices, in the
case of viable measles had resulted.  According to Iwanizky, Lhe
caudal vesicles were digested hy the digestive juices of the subject,
after evagination of the scolices therefrom, and the liberated scolices
conld be accepted as a definite criterion of viability of the future
tupeworm.
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Keller devised a still further improvement on Iwanizky's meihod,
which he deseribed in 1935, He realized that seolices evaginated or
liberated from their cawlal vesicles in the smull intestine could be
squashed inside the silk bag when passing through the large intestine.
Keller explained that in the large intestine a coagulation of the
contents of the intestine takes place, and the walls of the silk bags
could thus be squeezed together, with resultant damage to their
contents. Keller's modification consisted of placing the meusles to he
tested into small celluloid tubes. 10 mm. long, with an outside
diameter of 7 wm. and a wall thickness of 05 mm. ** These tules
are sewn into n stretched silk bag, =0 that the two open ends are
covered by an even layer of silk.” The interior of the celluloid
tubes can be penetrated, through the taut ends of the silk covers, by
the digestive juices from two sides, and the measles are ** protected
from outward pressure, as it were, in w small eage 7. Another
advantage mentioned by Keller is the fact that the smooth tube and
the mut‘fy drawn (drumlike) silk ends of the tubes show no pleats,
as often happens in using silk bags, He found, also, that the hest
results were obtained after he had carefully removed the eysticerct
from their connective tissue capsules.  According to Keller, liberation
of the scolices by this method, which precludes any outside
interference with the measles, must be accepted as the most safis-
tactory criterion of viability of measles, and he considered it quite
unnecessary fo do control or contemporary experiments in gall.  As an
absolute test of the effectiveness of his method, Keller used for one
experiment, only absolutely fresh measles (from a newly-slaughtered
animal). He pointed out that by his method, ont of 13 measles
swullowed, 10 evaginated their scolices undigested, whereas by using
Twanizky's method, oui of 12 measles swallowed, 6 were digested.
(Probubly as the result of destruction m the intesline.)

Having considered the varions methods which have been employed
to test the viability of cysticerer, and the phenomena which have been
tnken as eriterin that such eysticersd were actually dead, or else
rendered innocuous, or thirdly were still eapable of development, we
iy now confinne with the discussion of the ageneies which have been
found to he destructive to eysticerci.,

1. The Effect of Heat on Cysticered.

Most of the early workers realized that heat, at certamn
lemperatures, will with certainty caunse the death of eysticerei in
meat,

~The most  thorough investigations regarding the power of
resistance to heat, of the bladderwroms of the pig, are due to
Perroncito, 1872 ( Leuckart).

Perraneito was at first inclined fo the opinion that it required a
temperature of at lenst 1232 (!, to render the bladderworns harmless,
but he was afterwards enabled, by means of a more conclusive test,
to establish that the measles arve certainly killed when (he temperature
of the surrounding fluid reaches H0°2 C., or even helow that, and when
the eysticerer vemain in it longer than a minute, One of Perroneito’s
assistants swallowed several (. cellulosan which had been heated to
50° C., and remained free from tapeworm infection,
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Pellizari and also Lewis and Cobbuld opposed Perroncito’s views
and fixed the lethal temperature of €. cellulosac at 509 . "The effect
of thoroughly cooking measly pork was observed by Pellizari, who
showed that in Florence the inhabitants were immune to Tacnia
swolium, beeause pork was never eaten hall raw like beef, by them.
and from eating the latier they frequently developed 7aema sayinaia.
Marchi, according to Leuckart. 188G, and von Ostertag, 1913, only
found a single 7. soliwm in a certain tie in Florence, out of thirty-
five taentae sxanmined by him, although during that time no fewer
than 13,000 measly swine had been consmmed in Flovence.

Nenmann (1892) pointed out the practical difficulty in knowmg
under what conditions the centre of a piece of flesh (pork) wonld
reach the temperature destructive to the measle. In cooking large
pieces of meat, Kiichenmeister had noticed that after half-an-hour,
when the external temperature was 60° C., the temperature of the
interior had reached 55° C.; in about three-quarters of an hour, the
exterior temperature was 77-802 C.. and thaf of the interior G390 C.
Pellizari, testing measly pork, put two pieces weighing 600 grammes
and 10 em. thick, in boiling wafer—one piece for five minutes, the
other for halt-an-hour.  When removed, the lemperature of the
former was 45-5° (0, in the centre, and that of the Iatter 819 (.
Toking into account the loss of heat by radiation, these two
femperatures may be estimated al 51° (', and 839 ', (Neumann). For
roasted pork, Vallin (Nenmann) has found that while its external
temperature necessarily exceeds 100° C., beneath this superficial zone
it is ** touched ' by vooking; a zone beneath this again oscillates
between 520 . and 53° (., buf in the centre it does not exceed
46° C. to 48° (.

With reference o 7, boris, Perroncito (1877) observed that a
temperature of 45° . was suficient to kill the measles.  Perroncito
found that €. borts was sometimes destroved at 44° (', often at
46% €. to 46° (., and between 47° (' and 48° . it was always
destroyed, Three of his assistants voluntarily swallowed o €. bavis
each—one measle had been heated to 47° ., and gave no signs of
life: another had shown no motility ot 459 C, 1 the third was heated
to 44° (', and had shown slight motile powers. In none of the three
tests did a tapeworm develop.

- Clarenhurg (1992) found that €. bovic were killed within 15
mianntes atter imnersion in boiling water,

2. The Effect af Pickling on Cysticered,

Parroneito was among the first investigators who lested the
possibility of destroying cysticercs in meat by pickling in brine, He
used brine composed of 2§ parts saltpetre, 20 parts of cane sugar, 250
parts common salt, 1,000 parts water. He found that eysticered
contained in weasly beef and pork were killed in fourteen days,
provided the meat was no thicker than 6 em., or when the hrine was
injected into the meat by means of o syringe. Von Ostertag (1913),
in referring to his early investigations, deseribed a process of
demonstrating the completion of successful pickling of meat. He
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employed a 1 per vent. solution of silver nitrate, which produced no
striking change on the cut surfaces of fresh muscle meat, but, on the
cut surfaces of comipletely pickled meat, a temporary milky cloudiness
was produced (chloride ufpsilver\. Glagé found that a 2 per cent.
anueous solution of silver nitrate was even more effective in this test.

Schmey and Bugge (1931) found that by nsing a brine-pump the
time required for pickling measly went could safely he reduced from
91 days to 7 days. They mentioned that fut was slower in the pickling
provess than fleshy meat.

Clavenburg (1932) uoticed that €, boris was killed in 5 days
solutions of 20 to 25 per vent. brine.

A, The Effect of Pralonged Preseveation in (Cold  Storage on
Cysticerei,

Pervancito (1877) helieved that eystreerer would only survive for
a limited time after (he death of the host. Lo an experimental oalf
he found that measles were dead 14 days after the slanghter of the
animal, Von Ostertag (1897) found that this wus not so in all cases,
and that death of the cysticerer did not vecessurily follow within such
a short period, but by preserving heef in a cooler for three weeks, the
cysheercs contained t‘terein would be rendered innocuous.  Von
Ostertag performed various infection tests on human beings, with
Cysticerer boris, which had been preserved for periods varying
between 106G days and 21 days. His tests resulted as follows: —

I person ate 2 measles 16 days after slaughter of animal and
gol 0 taeniae.

1 person ate 1 measle 19 days after sluughter of animal and
got () {aeniae.

9 persons ate 52 measles 20 davs atter slanghter of animal and
got ) taeniae.

31 persons ate 166 meusles 21 dayvs after slaughter of animal and
got () tieniae,

4 persons ate 15 measles 14-19 days after slaughter of animal
and got 10 taenine.

After 21 -tla_\’s' prmermt_.iun of the meat, in another test, he again
failed to infect a man with tapeworm.

Glagé (1896) found that 15 days’ preservation of heef was not
sufficient fo kill the measles. He swallowed three measles from such
beef, and developed two tapeworms.

Zschokke (1896) infected himself with oue tapeworm after having
swallowed five (. bovis which had been preserved for 16 days in meat,
after slaughter of the host. He repeated the test with five measles
from a bovine carcass which had been preserved for 21 days, and
fuiled to infect himself,

Kabitz, according to Clarenburg (1942), developed three tape-
worms from three measles out of beef preserved for 15 days.
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Von Ostertag (1897), and indeed until about 1930, maintained
that the preservation of measly heef for 21 days was quite safe from
a public health point of view, since nn infection resulted from such
measles, although certain movements could still be uvoticed under
observation in Nuttall's microscope thermostat. When Miiller and
Wagner in 1922-23, and vaun Santen in 1928 disproved von Osterfag’s
claim that measles could not survive the death 0? the host by 21 days,
he then steadfastly maintained that although those workers, by means
of Franke's test, had caused evaginativn of scolices of such measles,
he was not satisfied that those measles were still capable of developing
into tapewornis, although the tests of his oppovenis might have shown
that they were not dead. Yon Ostertag thus discriminated between
" measles killed, or dead " and ' measles not actually killed, but
weakened and thus rendered incapable of developing . This was
considered aud proved to be a very risky view, by Schimey and Bugge
and by other subsequent workers,

Monnig (1928) gives the following table showing the proportion
of measles which still showed movements in von Osfertag’s tests of
1897, with the number of days after slanghter of the host:—

Days after slaughter 4 15 IT I8 19 20 N 22 3 M 25

Proportion showing
movemunt...,..., 23/41 8§/12 §/10 6712 12/29 12/88 8/71 2/10 2/9 2/16 0/18

After 18 days’ cooling, van Ostertag noticed only very slight move-
ments, and on the 19th day the vesicle fluid was opague; on the 20th
day the heads hecame opaque.  Vaon Oster tag then awdvanced further
confirmatory evidence by l}erfulmmg digestion tests with hydrochlorie
acid—pepsin and mtu]ntmn at 479 €. He found that eleven cysts
which had been preserved in meat for 20 days, and lad shown shight
FWk movements on warming, were completely digested within an
o,

As the results of these tests von Ustertag mawmtained that the
rendering of measly beef harmless by preservation in cold storage (at
temperatures just above freezing), was the most rational method,
sinee the meat thereby underwent the least depreciation in value,
suffered only a minimum loss of weight and found a ready sale as raw
meat. The same treatment was not applicable to €. cellulosae, since
von Osterfag found them alive 42 days after slanghter of pig
CArcasses

Franke (1914) found that after 16 days’ cooling half the measles
tested, evaginated the scolices, hut none after 20 tl{tw eooling.

Wagner (1922) was probably the first worker to doubt the veliabi-
lity of von Ostertag's views. He found that after 24 to 26 days’
preservation of heef, the measles still showed movement, and
evagination of scolices still occurred in concentrated hile solutions
(00 per cent. bile solutions, or even stronger).

The danger of veliance on the opinion that 3 weeks' cooling of
meat would be destructive fo . hovis, or otherwise render them
innocuous, was further pointed out by van Sanfen (1928). This
worker found that (. boweis was definitely not destroyed by three
weeks’ preservation of the meat, and, indeed, he found that atter 37
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days’ cooling three out of 16 measles were capable of evaginating their
sceolices.  Van Santen emiployved Franke's tests (1914), viz., warming
in bile solution to 379 (. He supplied the following table as
indicative of his results: —

After 19 dave’ cooling, out of 16 tested weasles, 9 livinge.

o 2 it iy A N o & R
vy oL gy ¥ e R e ¥ o
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Van Santen thus found that 70 per cent. of measles were still
living after 21 days’ cooling. He also abserved lively movements of
the heads of some of the evaginated scolices of measles which had
been chilled for 33 days. Van Santen found that measles in pieces of
meat of 4 Kgm. were destroyed in three weeks, wheu preserved in
20 Iper cent. brine. He strongly advocated extending the period ot
chilling of measly meat to at least 40 days.

De Vries (1930) found that in his tests 17 per cont, of the measles
were still capuble of evaginating their seolices after 21 days’ cooling.

Clarenburg (1932) described various evagination fests with
measles obtained from a very heavily infested calf, which had been
artificially infected. His fests were performed early in 1931. He
kept his chilling-room temperature at 4° ., to 12 (., that is, just
ahove freezing. Clarenburg found that after 3 weeks’ cooling at those
temperatures, putrefaction had set in, in the superficial musculature.
This putrefaction had mo apparent effect on the vitality of the
cystrcerct, and ** even in putrefied meal very viable measles were
noticeable.”™  After 41 days' chilling he found that 12 scolices
evaginated in bile solution,

Schmey and Bugge (Berl. Tier. Woek., 1931), under the aegis of
the German Ministry of Agriculture, did varions tests and found that
after 28 days’ cooling Cysticerci bovis were still quite capable ol
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development, and after 39-42 days definite signs of viability were
noticeable, e.g. evagination of seolices, movement of the termiual
organs and demonstration of “ flame ™" cells.  They, therefore,
pointed out that chilling mweasly meat was positively dungerous, and
recommended that the period be increased to ut least 28 days.

Iu order to render the atmosphere in cooling chambers intended
for prolonged chilling of measly carcasses ** germ free ", May (1931)
recommended the modern katadynsterilisator, which conld Le prepuared
by painting or coating the air channels of the cooling chamber with a
prepared silver solution.

Ly ecausing confirmatory tests to he applied iu the United States,
Mobler (1934) found that €. boers was still viahle after 21 days’
conling,  He found that some €, bovee were alive in meat after 26
duys" cooling, but none was alive atter 31 days’ cooling.

Zunker (1935) had four negative rvesults with infectivity fests
with measles tuken from hovine careasses which hud been chilled for
28 days, but he was not convineed that the capnbility of nfection was
Tost in measles from beef chilled for that perrod,

Judging from the foregoing review of recent literature on the
subject, it will he concluded that the chilling ol measly hovine
carcasses is not safe, from the public health point of view. In the
light of our present knowledge, freezing of measly carcasses woulid
appear to be the most effective method of rendering the meat safe for
human consumption, and one would go so far as to say the least
damaging to meat. Von Ostertag has steadily advocated preserving
measly meat in a cooler for 21 days, but apart from those writers wha
pointed out the risk to public health, some of his other strong argn-
ments have been negatived by several recent workers: —

(@) Clarenburg, who maintained a femperature just above
freezing, found that putrefaction set in eomparatively
early. One feels that under commercial conditions in
abattoirs, very rarely will it be practicable to preserve meat
tor such a period before patrefaction will do damage, in
spite of von Ostertag’s directions regurding the main-
tenance of low temperatures and humidity of the air, as we
have already tabulated,

(h) Yon Ostertag’s claim that under chilling conditions the
least loss of weight will ocenr, has been  refuted,
practically, by Wagemann (1985), who staunchly preferved
the freezing of measly carcasses to the uncertuin 21 days’
cooling method. Wagemann pointed ont that carcasses
frozen from four to six days, so that the internal
temperature registered hy spear-thermometers, reached
— 3% (., showed a loss in weight of 4+4 to 6 Kgmw., which
amounted fo 2-4 per cent. to 243 per cent,  In comparison,
Wagemann showed that in the case of 21 days’ eooling,
the loss of weight was 11 fo 15 Kgms., amounting to
422 per cent. to 5-88 per cent.
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Wooldvidge (1933) mentioned that when meat is frozen, the water
within the muscle fibre separates out as ice, which is formed in the
spaces between the fibres; on thawing, the separated water containing
a certain amount of nutritive matter and haemoglobin, drains away.
This ** drip " is more copious with heef than with mutton. However,
if beef is frozen sufficiently rapidly the ice is formed within the fibre
and no ** drip ** oecurs on thawing.

Keller advised that thawing should take place slowly, so as to
avoid a loss of juice. According to him a temperature of 5° C. is
satisfactory.  After the quarters have been thawed, the temperature
should be gqnickly reduced by strong air curvent to about 09 €. This
should be followed by a hanging in the halls for several days at a
temperature between 0° (. and 42 €, to complete the ** freshness 7 of
the meat,

Kallert also suggested slow thawing of frozen carcasses, which
shauld take four to five days, sccording to the weight of the carcass,
al temperatures of 52 ), to 89 (.

At least one of the earliest investigators into the subject (Glagé,
1896) pleaded that freezeing was the most effective and safest method
of rendering measly pork fit for human consumption.

Reissman (1897) tound that . bovis died within three doys \}-Iwu
kept at temperatures of 82 €. (o ~10° €. in the depths of pieces
of ment. Under similar conditions €, eellulosae died within 4 doays.

Bocealart (1903 found that hoth eysticered died within six duys
al 09 (!, ta =20 (', (Monnoig, 1928),

Ransom (1914) used two beavily infested hovine careasses, which,
after having been kept in a cooler for 24 hours, were guartered and
hung in a freezing chamber ot temperatures between 11° F. and
1532 F. He retained one guarter in the chilling room as a control.
After six days’ continuous freezing he examined 63 eysticerci on a
warm stage and found no movement. He then swallowed six cysts
and after 18 weeks was still free from tapeworm infection. On the
eighth day all twelve measles from his control quarter of beet in the
chilling room were still alive,

Killisch (192:3) found that by freezing half-carcasses of pigs at
temperntures of =89 (U to — 120 (', for 3} days all eystreerei were
dead, He performed his tests with five keavily infested pig carcasses.
which were delivered to him without skin or fat. He fouwl thai a
24-pound ham was frozen through after 48 hours, at o temperature of
- 82 (% to 102 (.. and all measles were dead., In a 10-lb. ham,
freezing was complete in the deepest museles after 66 hours and all
measles were dead after 7 hours at —6° (4, o ~82 (1, Tu a 8k-1b. ham
freezing at —2-09 . fo - 62 C, killed all measles in 125 hours,
Similarly, at that temperature all weasles were killed in a 20-ib,
ham in 1560 hours. In a very large han all measles were killed at
~ 120", to —189C. in 60 hours nnd with certainty within 72 hours at
-10° (0, to - 15°2 €. He noticed that cirenmference of a ham
which measured 64 cm, around itz widest part was increased by
2:5 cm. by freezing at - 120 (0 fo —18° (. for 66 hours, Working
also on (', cellulosae Brohmann (1924) confirmed Killiseh's findings.
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M. Miller (1923 confirmed the Pxpl-rilrwllls of Wauner (1922)
and showed that after 8 days’ freezing of measly hovine carcasses no
measles were tound to be viable, He also tested €7, cellulosae from
measly pork carcasses which arvived at his abattoir in a Irozen state.
Some of these eysticorer were still able to show slight movements, hut
none evaginated their scolices, Miiller names this as proof of the
weak resistance of €. cellulosae 1o temperatures helow zero,

Vian Oijen (1929) and later van der Slooten (1936) pointed ont the
futility of treating measly carcasses under conditions of vooling.
* The only safe way is to freeze mensly carcasses for at least 10 days
at - 109 (U7 (van der Slooten).

Sehwey and Bugge (1930 and 19310 found that iselated measles
were killed in theee to four hours by Treezing at 89 ( to - 109 (7,
They found that o temperatnre of — 69 C. was renched in theee to fonr
duys in the inmermiost tissues of large pieces of weat at voom
temperatures of - 89 ¢, to 109 (. Aceording to those authors o
{reezing tor 4 days is in every respect sufliciont.  Whatever refers to
(", bors ix equally applicable to (. cellulosae in pig carcasses,
Lightly infected pork need thus not he boiled, but cun be made safe
for human consumption in four days by freezing at low temperatures.
(Compare the vesults of our Bloemfontein investigutions in section
of this Part.)

Voun Ostertag (19300 once more advocated against the Freezing
of measly meat, and against Schmey and Bugge's recommendations
in Qurlit—ular. i.e. freezing measly wmeat for three to four days at
~ 8% (. to - 102 (. His reasons were: (1) Beeause after 21 days'
chilling of wmeat, the measles evaginated their seolices, it did not
follow that they were infective to man. (2) Freezing degenernted
the meat, and there were not freezing chambers in all abattoirs in
Glermany.

Clarenburg (1932) found that in pieces of meat 6 cm. in thick-
ness, which were placed in a freezing chamber at - 8° O to - 109 (",
the cysticerci were killed after 65 hours. He found that it took about
15 hours hefore the interior of the meat was cooled down to the same
femperntnre as the air inside the chamber.

Foldforth (1934), in a series of experiments, exposed portions af
heef infested with 7. bovis to o temperature of - 29 €' for varying
periods ot time.  Viability was tested either hy immersion ot the
cysts in a hile-saline solution at 419 ., or by swallowing the cysts
inosmnll silk bags,  (Iwanizky's methody He found that 2 davs al

220 (1, were lethal to cysts in meat up to half-a-pound in weight,

Sehioorer (1945) found that €. boris volled op in slives of meat
and exposed to a temperature of - 29 (. are killed after 7 days and
are no longer infective alter 6 days.  He concluded that slightly
infested meat, frozen so that the innermost parts of the careass remain
at - 29 (', for 6 days might safely be offered for sale. Zunker (19:45)
froze beel carcasses at an average temperature of - 7° (. to - 8° (.
He vead the interual temperatures of the meat by spear-thermometers,
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instruments encased iu steel tubes with sharp points, which were
inserted deeply into the musculature of the hind guarters. [iKeller,
1933, in Zeitschrift fiir Fleisch-und Milchhygiene 45 (17), pp. 421-322,
had mentioned that in freezing cysticercous meat by the new rapid
process, which aimed at maintaining the meaf at - 3° . for 24 hours,
1t was pot sufficient to control the temperature of the refrigerator.
Keller mentioned that the more fat in a given carcass, the longer it
would take to cool to - 3°2C'. in the interior. Hence it was considered
by him essential to read the temperature within the carcass. Keller
described the use of a pointed steel tube, which was driven into the
meat and which protected the glass stem-graduated thermometer. |
Zunker explained that the kinds of changes which the animal tissue
undergoes during freezing depends mainly on the speed of the freezing
process, The faster the cooling down takes plice, the finer is the
crvstal conglomerate in the frozen tissue, The killing off of living
tissue ilepends on the complete freezing out of the fluid contents of
g, the bladderworm, and the speed with which this is done is an
important factor. “‘ Just as with special care living fish may be
frozen and later again be thawed without suffering harm, so also the
measles under advantageous eircumstances can sometimes stand (he
freozing very well. During the slow freezing of the whole animal
carcass, the measles are killed with certainty, however,"”

Zunker found that it was necessary to keep an infected careass
in the freezing chamber until the temperature in the depths of the
hind quarters registered - 3° €. Even in the case of heavy carcasses,
this tuok place within 7 days, and for safety's sake a further 24 hours
could be allowed. Tn other words, Zunker recommended that measly
carcasses should be frozen 24 hours longer thun the time required
for the temperatures in the deep museles to reach - 32 (!, As an
example he mentioned oue quarter of beef, in which an internal
temperature of - 379 €. was reached in 5 days. That quarter,
according (o Zunker, was fit for issue on the Gth day. He was a
stauneh advocate of the lreezing process of treatment for measly
carcasses, in preference to the somewhat ancerfain cooling process,

Kallert (1931) muintained that whereas certain plants and
animals, aceording to Pictet, could withstand tremendons freezing,
e.g. fishes frozen into blocks of fce at - 159 (', survived by careful
thawing, but were killed outright at - 209 C'; frogs coulid withstand
a temperafure of 282 €. millipedes — 509 (., suails - 1202 (0.,
cysticerer belonged to the ereatures which were very susceptible to
freezing and were definitely killed in freezing temperatures, Ile
found that only at temperatares of - 69 €', to - 82 (!, all meat juice
was frozen. Kallert quotes the experiments of Kallert and Plank,
who found that hindquarters weighing 60 Kgm. were completely
I‘mgu-n throngh at temperatures of -6° to 89 (', in 6 1o 7 days,
while in fore-quarters this oceurred in 5 days, According to Kallert,
hind-quarters should be frozen at - 8° €. ta -10° . for at least
10 duys, and fore-quarters for at least § days. He found that a
superficial layer of |}at greatly retarded cooling in a carcass, the heat
conductivity of fat being 35 per cent. less than that of muscle. Targe
and heavy quarters required 3 per cent, longer time for complete
thraugh freezing.
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Annie Porter, working in Johanuesburg in 1923, ** under com-
mercial conditions ™7, was probably alone among all modern observers
in the results she obtained. She compared the resistance of eysticerci
to the influence of cold, with those of fishes and snails, as was
mentioned by Pictet, and felt that only after extremely prolonged
freezing were eysticerct rendered innocuous.  According to Porier's
staining reactions, €. hoves would appear normal in the deeper purts
of the carcass after the 49th day of freezing, while some €. cellu-
losae appeared nnchanged v the deep parts on the 156ih day. [Her
freezing-room temperstures varied hetween —7°289 (L and - 16-29
', On fwo occastons she swallowed €. Loeds which had heen frozen
for 10 weeks and 12 weeks, rvespectively, with negative resnlts. She
also obtained pegative results by feading fresh and frozen Cysticere:
bovis 1o puppies and rats.  On the other hand, she based criteria
of viability of €. bovis and €. ecellulosae under freezing conditions
on several results she obtained from freezing €. faseiolaris and
Fehinveooens cysts, and thereby infecting a cat and o dog respec-
tively. A rat hiver, containing €. fascioluris was frozen for 30 days,
and fed to a eat, which in due course developed 7. tacuwiaeformas.
A dog fed on a sheep Tung containing Keliinococeus eysts, which had
been frozen for a month, developed 7. echinocovens.  Porter con-
elnded that freezing at temperatures ranging from -39 (' to
~18° . for a period of abont 10 weeks appeared to destroy the
vitality of all the eysticercs in carcasses of beef and pork.  For
sufety, according to Porter, « margin should he allowed on this,
and a period of at least 12 woeks' freezing of slightly iufested heet
or pork at a temperature ol 149 F., that is  10° €., shoull he
undergone hetore the meat may he regarded as sterile awd the
eydticeror as dead.

A word of warning was expressed by Keller (1936), who stressed
the necessity of maintaining a low temperature in freezing measly
carcasses.  He showed that by keeping pieces of heet infected with
C. hovis at temperatures bhetween — 19 C. and - 159 €', not all
cysticerer were killad even after 28 days at this femperature, buf
30 per cent. were killed after 11 days. At sueh a temperature the
meat is frozen, but the host capsule surrounding the eyslicercus
itself is not frozen. According to Keller, at such high temperatures
of freezing, infectivity, tested by Twanizky's method, is retuined
until ot least the eleventh day.

According to Monnig (1928), about 1914, Ottesen found a method
of freczing fish in a 21 per cont, solution ol sodinm chloride at
~ 109 (! to -15° (1., in which the fish froze ten o twenty times
wore rapidly and with much less loss of weight than in air,

Plank and Kallert (1915), veforved to by Kalleet (1924) and
by Minnig (1928), confirmed the claims of Oftesen, but they found
that with larger pieces of heef, hall pig carcasses and whole sheep
carcasses, the period of tofal freezing was shortened only about eight
times.  In the experiments described by Kallert, the femperature
of the salt solution was - 149 (. fo0 - 15° €. He pointed out that
halves of pig carcasses which were frozen through i three days at
G2 (', to 82 (. in the air, were frozen through in three 1o four
hours in brine.  He elaimed also, that smaller pieces of heel and
lighter sheep cavcasses would freeze sooner in hrine. e found that
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there was less loss of weight of earcasses frozen in hrine than ol
those frozen in air. Aceording to de Jong (1922), meut frozen iu
brine left no salty taste, and conld be delivered to consumers as io
the cuse of fresh meat.

According to Kallert a small amount of sult did penetrate into
the tissues.

Drooglever Fortuyn (1922) (Monnig, 1928), wade comparative
histological studies of normal meat, meat frozen in air, and meat
frozen aecording to the above method. He found that yefrigeration
in uir compressed the musele fibres and drove them together in groups,
relatively lurge cavities coming into existence between such groups:
vefrigeration in salt solution causes the appearance of cavities in the
individual fibres but no compression of filires,

Monaig (1928) mentioned that the cysticercus is well protected hy
its vesicle, and he was inclined to think that the more rapid death of
the eysticerci under this method of treatment, as was found by
Brohmann (1924), was due fo the very rapid freseing.,

Aceording to Brohmanun, Ottesen foumd more vapid freezing of
fish in 21 per eent. brine, if the solution was continuously stivred
Brohmann did not stie the solution.  He strongly  recommended
freezing measly pigs in brine at — 159 €. He found that by freezing
pigs in hrine af that low temperature all measles were destroyved in
12 hours.  Dulortusately, he made no ionfection tests, but relied
mainly on evagination tests in bile-saline solutions, for his criteria.
Monnig (1928) supplies the following summary of Brohmann’s
results i —

Shoulder 6 honrs in brine at - 62 1o - 82 (!, 5555 cysticerei
alive,

Hum 6 hours in brine at - 10° €. 46/46 oysticercr alive,

Shoulder 8 hours in brine at - 5552 (. 40/40 eysticeret alive.

Ham 12 hours in brane at — 109 (', to =112 (. 4242 eysticerci
alive.

Shonlder 8 hours in brine ar - 13° €, 40/40 eysticerer alive.

Ham 12 hours in brine af 159 C. fo - 16:5% 0", 048 eysticerc
alive,

Y The pieces were all completely frozen when removed from the
brine. Cysticered from all depths were examined after the pieces had
bheen allowed fo thaw at reom-tempernture.’  (Mannig.)
nique had advaneed so fur that refrigeration in brine would rvesnlt in
obtaining a temperature of 69 €1 in a few hours.

Schmey und Bugge (189300 pointed out that vefrigeration tech-

C. Viability Tests with Measles taken from Chilled and Frozen
Pork and Beef Carcasses at the Bloemfontein Abattoir.

The ohject of these tests wus mainly to confirm the tests of
overseas wrifers, amd, if possible, to establish definitely, with what
materigl we had available, the shortest period requived for the
freezing of measly beef and pork at temveratures of approximately

102 €., wder Sfouth African commercial conditions,
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MreTion EyMrnoven,

(1) After the stipulated period of chilling or Treezing, the
eysticerci (cellulosae or boris) were always removed from their con-
nective tissue capsule.

(2) Physical characteristies of such  treated epstivercr were
ohserved, althangh no microscopic ohservations of loosening of the
hooks in (. cellulosae werve made,

(1) Contral evagination tests in bile=saline solution aud in sodivm
tanrocholate were made in an ineuhator at 482 (0,

(4) The manin eriteria in these tests were based on setual infection
tests on several voluntary assistants, aceording to hoth Twanizky's and
INeller's methods,

(1) In view of the fact that the infection tests perfected by
Iwanizky and by Keller have very nearly approuched conditions of
madural infection, it was not consideved necessary to attempl penetions
fo warming on a stage, and the observations of the physical
characteristios of frozen or chilled measles were merely those of noting
cloudiness, discolouration and consistency of the Huid.

(G) Sinee the boiling vr pickling of measly carcasses is not
practised in South Africa, such fests were not attempted,  All avail-
able material was, theretore, used in t'mllillg und freezing rests,

With regard to control artificial evagination tests, we found the
best results with 5 per cent. sodinm taurocholate solution (Malkani's
method). The eysticercd were carefully isolated from their connective
tissne eapsules and placed in a saueer contaming 5 per cont. sodinm
taurocholute salution, which was then placed in an ordinuey = Huek-
Eye " egg incubator, of which the heat was regulated 1o 489 (0
Evagination of scolwes usually occurred within two howres in the case
of viable eysticeret. It was found that this method worked very
suceessfully with fresh (unfrozen) cystieercr, more sluggishly with
those frozen for abont 24 to 48 hours, or chilled for abour 21 days,
and trequently did oot work with those measles from meat ohilled
longer than ahoot 21 days, or frozen longer than 48 hours, O the
ather howd, we established definitely that the only sure erviterion of
viability of measles could be obtained hy actual infection fests
aecording to Twanizky's and for Keller's methods.  In some cases we
failed to obtain evagination ¢n 2itre of seolices of measles fram meat
frozen for three davs and morve, wherens veady and olear evaginntions
of sueh seolices oeccurred within the bag or tulie in onr subject's
intestine.  We used a slicht wmodification of both Iwanizky's and
Keller's methods,  Tu the former we found that it frequently took
some time to stiteh the bogs, as Iwanizky did, and frequently the
sutures did not uppear too secnre, In uniul‘, thervetore, to instil the
fullest confidence in his persounl safety in our subject, we tied the
small silk bags with strong suturing silk, and eot the tied end us short
as possible.  All our subjects, European members of the Abattoir
Stafl, had no diffenlty tn swallowing them, and one subject in
particular, never lailed to recover the bags, or the celluloid talies in
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his stools.  With reference to our modification of Kellet's methud,
we found the same objection to suturing the silk cover. A single
layer of silk was, therefore, wrapped round the celluloid tube con-
taining from one to three measles, in such a way that the two open
pods of the small eylinder were covered with a single layer of silk,
deawn tautly, and the four corvers of the silk coverlet were twistul
together in a spiral and tied as closely to the body ol the eylinder as
possible.  This spiral twisting cansed the two single silk-layers
covering the ends of the tubes to be drawn even more tightly, almos
like o drwm, than in the case of suturing the coverlet, nr else fixing
hy means of arvtifieial fixatives, e.g. scetone-cellulose solution, which
took o considerable time to fix, and was treated with o certain amounl
ot suspicion by our ** chiel ** subject. Most of our subjects experienced
a mensure of discomfort in swallowing the bhard celluloid tubes,
weasuring approximately 10 wow. long by 7w diameter.  Ouws
“ehiel 7 subjeet, however, onew wore found woo dificalty an the
deglutition of the comewhat unwieldy ** pills 7, aud for that reason
experiments by means of Keller's method were confined to him, since
he was quite prepared to use the colluloid tubes over and over again,
e never ™ ost 7 any, and I was only able to obtain the tubes through
the kind faveur of the Divector of Veterinary Services, Ounderstepoort
Laboratory, and could therefore, not abuse his favene by vepentedly
applying for fresh tubes. The inner temperature of the meal in the
freezing  chamber was vend on  improvised  spear-thermometers,
ovdivary low graded freezing thermometers, encased in sharp-pointed
steel covers.  One of these was Kindly made for wie by the .\Ivr-Lnnival
Fngineer in charge of my Abattoir Refrigeration plant, and two were
lent by the Director of Veterinary Serviees, Onderstepoort. (See
Table A.)

Fvagination tests with €, eellulosae from pork cooled for various
periods have thos shown that the most suecessful rvesults have been
obtained with natural infection tests, according to Iwanizky's and /or
Keller's methods.

In five per cent. sodinm taurocholate, evagination nearly always
oceurred within two hours, and by using 30 per cent, pig hile-
physiologieal salive solution in from 2 to & howrs, After that,
wwaporation of the fluid contents of the sancer often ovecurred. In
fresh aneasles, wamely those which had wot undergone prolonged
chilling or freezing, evagination occurred more voadily, and in o
shorter time.  After about the twenty-first day of chilling, putre-
faction frequently set in, in the pork. hut. according to the resulis
obtained by our natuval infeetion tests, it did oot follow {hat the
mensles situated in badly putrefied arens, died in that situation, By
our festz we established the fuet that the Cysticerens eellilosue can
reniin infective up to 41 days after slaughter of the host, hut we
failed to find any alive after that day. although we only tried two
more tests, on aecount of the undesirability of maintuining putrefied
weat in the condemoned meat section af onr ehilling roowm.

Lt is interesting to mention that alter 35 to 41 days’ chilling,
we found only 4 out of 167 tested weasles viable. After 34 days’
chilling, 12 out ol 30 pig measles were still viable: and after 30 to
34 days’ chilling, 43 out of 123 pig measles tested were still viable,
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Eragnation Tests with C. cellulosae—Chilling Tests,

|
|

z = 1, él i -E g E iz

% mot 8 B | B 32 [E|EE o3

- o =y &t = B

g | . = gﬁg t3 ,-_-,:% £ E% 35 B Remnrks.

g | et [EoizSoizs] B2 | 5 “235§§

z ES[s=<[ef Ba | EE[EFEE

e ZElZodizzs| 22 |2z [FTRsEs

1 {Shoulder | 4| J.. | 3 | 1 K, 1] | One bag was lost: 610

@my | l ! soolices  evaginated iy
89 sl tanrocholate
I | | | sul.
2 |Bhoulder | 6! 1. | 2| 4B.] 4| B| 6| 2|4/10 ol pvnsinnted
(22 1) | : ‘ in 5%, sod, 1 achol,
B | la Tk | 1| 47| 4| 8| 8] 0 10/10 Soulicas evagimted
{18 1h,) in 2 hours in a , sod,
l taurochol. andd 710 in
! | | 309, pig bile,
i 2 K 1 AT 4 8| T 1| 4/10 Seolions evizinated
(18 ) . | I in 30 %, pig Vil
5] | af &' 2| am | 3 2f 9] o i
iy || K '

6 L 3| B | 2 31.‘ 3 6, 6, 0 8/10 Seulicer evaginated

L8 ) ’ | | ’ in ri’i“’!..m!iu;.l. ;'ln:)m-lml.
“h ! no30 2, m
| | | | l | hile. i

T g | 3| K. | V| ® 2wl w0 i
& | Shoulder | & | | 2% ’ I | ’ 5/ 10 8eolives cvaginated
(24 1h.) 8| 1L | 28] s 12100 2 in 5 Yy sl tanrochol,
| | amd 2000 in 30 Y, pig

| | | | | bile.

o | Shoulder K. | | 20| 8|18| 18] 1| 877 Scoliws evaginated
[ (24m) | 71 L ‘ 2! B B9, sl taurochol,
| | 1 and 7 in 30 % pig bile.

10 ]| Showliler K. | 3T, 3 Cysts in 1 bay lost,
| @) | 8| L | 2| 3B | 3T|M| 0
I ‘ Ly ;_ K. | 3T, 2/5 Neolives vvaginnted in
(—) gl o vl 3B 6l1e] 16| o] 59 ned. tarochol. und
| | | 1/ in 80 9, bile,
12 (g | | K | 3T 3
(—J 11 ’ L | 1] 3B.| olws|18]| 0 e
I3 |Shoulder | | K. | | 3T -,
[ 2L [ 1] 38| 6f12| B| 3
14| Lag Mg |_| 3B, 5|15 0|15 | Moat was badly putretiod,
(17 th.) | ‘ and meazles were stick-
ily opague. Al artifi-
| | cinl tests fuiled.
]




UYSTICERCOSIS IN SWINE AND BOVINES.
Tawe A—(continued).
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2/7 in 30 9, pig bile.
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i’:‘m‘ lustrations see Figures 4 to 7.
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CYSTICERCOSIS IN SWINE AND BOVINES,

Ficune 4.
', cellulosae  scolices evag-

nated in 2 hours in 30 per cent. pig nated by
hile-saline solution. (2 days days’
chilled.)  Magnification 7 times. times,

I'1cune Ga.

., eellulosae  scolices  evagi-
nated Keller’'s method after 28
days’ cooling.  Magnification 7
times,

Fieure 7. .
¢, cellulosae scolices. evaginated Keller's method after 32 days’ chilling.

Magnification 7 times.

494

Froure 5.

cellulosae  scolices  evagr-
Keller’s method, after 10
cooling, Magnification 7

[MiGene G,
Microscopiec view  of
head of same, showing
suckers  and  rostellum,
Magnification 40 times.
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I'reezing Tests with Cysticercus cellulosae.
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CYSTICERCOSIS IN SWINE AND BOVINES.
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CYSTICERCOSIS IN SWINE AND UOVINES,

Remarls Luder to f"m-eynmg Table (B).

1. A beavily infested pig careass was frozen for 14 duys. The
weight of the carcass was nol recorded at the time,  The carcuss was
literally frozen to resemble @ wooden hox in consistency.  Some of the
eysticerer were removed awd resembled erystals of dee. The caveass
wis thawed for 24 hours and 35 measles were removed from the inmer-
most museles.  These were swallowed o their naked state by five
members of the Abattoir Staff, N ..V, : HL.A.D.; M.C.; P.JK.; and
W.H.G.; cach of whom swallowed seven measles.  After twelve
months, noue of the subjects has developed tapeworm infection,

2. A heavily nfested pig carcass was frozen for 12 days.  [ts
hyvsical condition resemsbled (hat of Experiment 1, after treezing.,
e corcass was thawed for 24 hours :mull 25 measles were removed
from the deeper fissues and swallowed in their naked state by two
mwatives on the staff and oue European, L. After approximately

12 months, no tapeworm infestation has vesulted,

. Laperriment No, 5.

Leg of pork weighing 24 Ih. was frozeu for 24 hours.  The leg
wis practically frozen throngh, Six eysticerei were swallowed by
W.H.G. according to Keller's method, and six scolices evaginated.

Eepertment Yo. 14,

Leg of pork weighing 21 1, was frozen for 24 hoors,  Nifteen
eysts were swallowed by W.ILG. in 2 tubes and 3 silk bags.  All were
recovered.  Five seolices (2 in each tube and 1 in 1 hag) had evagi-
nated, and 10 preswmmably dead eysticerer were completely ligesied,

Eoperiment No. 18,

Leg of pork weighing 42 1b, was frozen for 24 hours, This was
a fairly fat animal.  Seven cyshoerer in fwo tubes were swallowed by
W.H.G. DBaoth tubes were recovered.  One contained 3 evaginated
scolices and the other, one.  Thyee cysticerer, presumably dead, were
diguosted,

Contemporary artificial evagination tests were made. with the
following resulis: —

2 ont of Gscolices evaginated in 5 per cent. sodium taurocholate
salution.

1 out of & scolices evaginoted in 30 per cent. pig hile-physio-
logical saline solntion,

Nuwmary,

O three occasions W.H.G, swallowed a total of 28 €', cellulosae,
which had been removed from pork frozen for 24 hours,  Out of this
number 15 seolives evaginated,
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4. Eeperiment No. 6.

Leg of pork weighing 26 b, was frozen for 48 hours. Meat was
nearly frozen throngh. After 24 hours' thawing of the meat, W.H.G.
swallowed two celluloid tubes, each with three measles. A totul of
three out of the six measles evaginated scolices. (This leg of pork
was from the same carcass as that of Experiment No. 3, above.)

Eeperiment No. 15,

Leg of pork, 19 Ih.. was frozen for 48 hours. Freezing, in this
cuse, was (lefinitely complete. After 24 hours’ thawing, 15 measles
were removed and given to W.H.G. to swallow in 3 tubes and 2 bags.
No seolices evaginated, and all the measles, presumably dead, were
higested totally.  (This leg of pork wus from the same carcass as
that of Experiment No. 14, above.)

Erperiment Vo, 19,

Leg ol pork weighing 44 1b. was frozeu for 48 hours. Fat leg.
Leg was uearly frozen through, After 24 hours’ thawing of the meat,
W.H.G. swallowsd 8 measles i three tubes.  All were digested.
Artificial evagination tests in 3 per cent, solution taurocholate and
30 per cent. hile-saline solution were equally negative, This leg of
pork was from the same carcass as that of Txperiment No, 18,

Numary.

On three ocensions W.H.G. swallowed 29 measles from pork
frozen for 48 hours. Of this number, only 3 scolices evaginated.

5. Erperiment No. 7.

A shoulder of pork weighing 19 1b. was frozen for three days.
The shoulder was completely frozen through, and many of the measles
resemhled ice erystals. After 24 hours thawing of the weat, W.H.G.
swallowed 10 measles in three tubes, The cysis were remaved from
the deeper part of the subseapular musele. Of this number, 7
seolices evaginated, und three cvsts were digested, The other shoulder
and both hind legs were used in cooling tests.  (See chilling fests
Nos. 15 1o 17, which showed fairly wpuﬁlr evagination results.)

Contemporary artificial evagination tests revealed the following
negative results: 0/6 scolices evaginated in 5 per cent. taurocholate
solution;  0/7 scolices evaginated in 30 per cent. pig hile-saline
solution.

Eeperoment No. 10.

Shounlder of pork weighing 18 1h. was frozen for 3 days. Freezing
was complete,  After 24 howrs’ thawing of meat, W.TL.G. swallowed
10 measles in 3 tubes. Al were digested,

Eepervment No. 20.

Lieg of pork weighing 26 1h. was frozen for 3 duys.  Freezing was
complete. After 24 hours’ thawing of the meat, W.H.G. swallowed
S measles.  All were digested.
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CYSTICERCUSIS IN SWINE AND BOVINES,

Erperiment No. 21,

A whole careass weighing 185 1b. was frozen for 4 days. DPig
was of the large-honed, heavy variety, but not very fat. Ireezing
wits (quite complete.  After 24 hours' thawing of meat, G0 measles in
5 tubes and 15 bags were swallowed by W.H.G. and three others,
Two of the assistants ** lost their bags. No scolices evaginated.

Nttanniary.

On 4 oceasions W.H.G. (assisted hy three other persous on the
last oceasion) swallowed a total of S8 measles from pork frozen for
three days.  Of this number, 7 scolices (all on the first occusion)
evigcinated,

ti. Eeperiment No. 4.

Shoulder of pork weighing 18 Ib. was frozen for 4 days, Freezing
was complete.  After 24 hours’ thawing of the meat, W.ILG,
swallowed 4 cysts in 2 tubes.  All measles were digested.

Lorperiment No, 8,

Shoulder of pork weighing 15 1h. was frozen for 4 days. reezing
wils mnulrh-la-. After 24 hours' thawing of the meat, W.ILG.
swallowed 12 measles in 4 tnbes.  Of thizs number, 1 seolex evaginated,

Erpeviment No. 12,

Shoulder of pork weighing 16 1b. was frozen for 4 days. Freezing
was complete.  After 24 hours’ thawing of the weat, W.H.G.
swallowed 18 cysts in G silk bags.  All weasles were totally digested.

Erperiment No. 17,

Shoulder of pork weighing 19 Ih. was frozen for 4 duys.  Vreezing
was complete.  After 24 hours” thawing of the meat, W.H.(.
swallowed 15 measles in 3 tules and 2 bags.  All measles were totally
digested.

Keperiment No. 22,

Whole varcass weighing 87 1, was frozen for 4 days. Freezing
was complete.  After 24 hours” thawing, W. H. G. and I', J. K.
swallowed 40 weasles in 5 tubes and R hags. ALl veceptacles were
recovered, Al mensles were digested.

Earperiment No, 234,

Whole carcass weighing 106G 1h, frozen, W.H.G. and DI K.
swallowed 36 measles.  All measles were totally digested.
Summary,

Out of a total of 125 measles obtained from pork frozen for four
days, and swallowed by W.IL.G. and an assistant, only one scolex
evaginated.
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T. Feperiment No. 9.

A shoulder of pork weighiug 16 1h. was frozen for 5 days. Oul
of S measles swallowed, all were digested.

Erperiments Nos. 24 to 38,

Fifteen whole carcasses of pork, weighing from 36 1h. 1o 202 1h.,
were frozen for & davs. The heaviest carcasses, 161 1b, and 202 1h.,
were very fat. lu each case the carcass was frozen right through.
TFrom these fifteen carcasses u total of 509 wmeasles were swallowed
by W.IH.G. and three others, Of this number no scolices
evaginated, A few silk hags were ** lost 7', huot all measles in those
recovered showed cowplete digestion.  TFrom four of the various
rarcasses confemporary experiments were tried in 5 per cenf. sodinmn
tauracholate solution and in 30 per cent, pig hile-physiological saline
solution at 382 €', incubator temperatures, but no scolices evaginated,

S Y .

Out of 535 meassles swallowed by my assistants, no scolices
developed,  The measles had heen vecovered from pork frozen for
A days.

Sooand 9y Eepertments 3, 10 and 11,

Three legs of pork, each weighing approximately 30 Ih., were
frozen—=2 for 6 days, and 1 for 7 davs. Out of 43 weasles swallowed,
none evaginated their seolices.

The following short tahle stonmarizes the results of aur freezing
tests with Cysticerens cellulosac.

T N Total Measles Total Digestod or Poropntagn

Raye Fesaen. Swallowed, Evaginated. Lust, Viable,
| 28 15 13 857
A 29 3 24 10235
] 88 ) sl 705
i 125 I 124 he 8t}
5 BRE 1 235 ==
() 320 1] 30
7 13 " 13 -
12 25 i 25 —
14 ki ] 35 —

Conelusions,

From our experiments with the freezing of measly pork, it will
be noticed that at freezing room temperatures ranging from 14° I,
to 199 1. (- 10° (", to - 72 €, approximately) and au internal tem-
perature of the deeper tissues of a leg of pork of 200 F. 1o 23° F.
(=79 (' to =5° C.), after 24 honrs' treezing, Cysticerens vellulosar
is still viahle.
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The percentage of viable measles found steadily diminishes from
2 days’ freezing to 4 days’ freezing, until after 5 days’ freezing no
more viable Cysticerci eellulosae were found. In view of the facl
{hat one viable measle was found after 4 days’ freeziug, it would
be dangerous to recommend that pork frozen for 4 days at tempera-
tures oscillating between 13° 17, and 16° 1. (- 11° €. and -9° C))
would he sate, :

According to Sehimey and Bugge, four days’ freezing is sufficient
to kill all Cysticerci cellulosae, and according to Killisch, all
(', cellulosae are destroyed in half-pig carcasses in 3) days. At Bloem-
fontein, on the other hand, we found that from a light shoulder of
pork, weighing only 15 Ih., and frozen for four days, 1 ont of 12
measles was still viable. It is interesting to record that a temperature
of 199 ¥. (- 7° () was reached in the depths of the subscapular
minsele within 24 hours, and of 162 ¥, ( - 102 ) within 4 days.

From 17 experiments performed with measles from pork trozen
for five days Siurlmliug 15 whole carcasses), our results justify the
}Jl‘vsumpticm that even in heavy and fat (202 1h.) pig carcasses,
'ysticerer  collulosae arve destroged,  In the 202 1. pig careass
(Experiment No. 32) the inner temiperature regisfered by means of
o steel-pointed thermometer inserted deeply into the musculature of
the hind leg, reached 229 I, (- 559 (C,) in 24 hours, and 16° I, in
A days. During that period the freezing room temperature oscillated
between 129 F, and 162 19,

It is presumed that very few pig measles will vemain viable if
subjected to continuous freezing at — 102 C. in pork, for 5 days. A
safety wargin of 2 days can be allowed, and after T days’™ freezing,
lightly infested pig carcasses, provided they are not too fal, can
safely be passed us fit for human cousumption.  There can Dbe
absolutely no objection, from a public health poiut of view, to the
treatment of lightly infested measly pork earcasses, no mafter how
fat they are, for fourteen days at - 109 (. confinnous freezing, us
South African Meat Regulations provide for at present, although few
abattoirs make use of the concession.

Crinning Tesrs wirn CySTioprevs novis.

Only four such fests were performed at Bloemftontein, and one ox
carcass was guartered, the guarters being Kept in the cooler tor 20
days, 27 days, 30 days and #1 dayvs.  Viability of the eysticercd,
according to Keller's method, was tested, and scolices evamnated to
the extent of 6 put of 14, from a fore quarter chilled for 20 days. No
seolices evaginated from 17 measles from a hind-quarcter chilled for
27 days. Putrefaction had, by then set in. At 30 days, the remaining
fore-quarter and hind-quarter had hadly putrefied. but, nevertheless,
ten measles were removed from each after 30 days’ and 31 days’
chilling, respectively. These were also tested aceording to Keller's
method, but no evagination of seolices oceurred.

Since South African Regulations do not preseribe a period of 21
days’ chilling, or longer, as an alternative to the freezing method of
rendering slightly infested measly beet fit for nman consumption, 1
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CYSTICENRCOSIS IN SWINE AND BOVINES,

did not consider that any useful purpose was served hy using our
available material on chilling tests, Secondly, it was very undesirable
to keep rapidly decomposing beef in the condemned meat section of
the abattorr chilling rooms.

Our viability tests with beef measles were, thevefore, mainly
confined to freezing tests, the rvesults of which are tabulated
in Table C.

As with €. cellulusae, we performed a number of contemporary
lests in 5 per cent. sodium tanrocholate solution, and in the case of
C'. bovis, with 30 per vent. ox bile-physiological saline solution,
instead of pig hile. Viahility of the fresh measles was always tested
by Keller's method, prior fo the carcass being placed in the freezing
chamber. Twenty-four hours' cooling of the carcass was allowed in
every case, prior to freezing,

Leemarks Luder to the Foregoing Table (€.

L. Eaperiment No., 1.

A side of beef weighing 248 1. was frozen for 24 hows. In
that time it was found that the beef was by no means frozen through,
although freezing had penetrated a counsiderable distance into the
deeper tissnes.  Twenty measles were removed from the deeper
shoulder and thigh muscles. Our subject, W.H.G., swallowed
four in two tubes nccording to our modification of Keller's method,
All four scolices evaginated.

Contemporary tests were done us follows, in an incubator with
governed temperature of 382 C: —

In & per cent. sodium faurocholate solation, 9 out of 12
scolices evaginated.

In 30 per cent. ox bilessaline solution, 1 out of 4 scolices
evaginated.

Erperiment No. 4.

A relatively heavy (361 1b.) side of beef was frozen lor 24 hours.
Here again, freezing was not quite complete.  Our subject swallowed
10 mensles in 4 fubes.  All scolices evaginated,

Eaperiment Nao. 7.

A side of beef weighing 245 1h. was frozen for 24 howrs, The
same remarks apply, as above.  Subjeet swallowed 8 eysticered in
4 tubes.  All scolices evaginated.

Eaeperiment Na. 21,

An ox head containing some 20 viable measles was frozen for
24 hours, Ten of these measles were seleoted, since they were
“eovered T up by the flaps of the masseteric incisions Our subject
swallowed these 10 aud all were found to be dead. :
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Swmmary.

Twenty four howrs® freezing of Leet carcasses split into halves
(sides of beef) is not sufficient to kill . boeis, since, in that time
the freezing process has not had sufficient time to permeate into the
deeper musculature. Shallowly situated measles such as those in
the masseters are killed with ease after 24 howrs’ freezing.

For illustrations see Figures 8 to 11.

Froure 8. I'icure 9.

Fresh {1, bovis scolex evagi- Fresh (. bovis scolex evagi-
nated in two hours in 5 per cent. nated in 2 hours in 30 per cent. ox
solution, bile-physiologieal  saline  solution.

sodinm taurocholate

Magn, 7x. Magn, 7x.

Fioenre 10,
(', bovis scolices evaginated by Keller's wethod after 24 hours freezing.
Magn. 7x.
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CYSTICERCOSIS IN SWINE AND BOVINES,

-
A
Frevne 11a. Fivonre 11,
(', bupis seolex evaginated by (', bowis  head, {rom liir"tlll’!‘.\
Keller's moethod  after 31 hours,  illusteated in Figure 114 Note
freozing. Magn., 7Tx. Your  snckers  plainly visible,

Magn. 0%,

2. Eeperiment No. 2.

Side of beef weirhing 262 b, was frozen for 48 hours. At the
ol of that time the femperature of the deeper tissues of the buttock
had reached 27° I, (approximately -3° (1), and the room tempera-
tures had fallen from 172 F, to 149 I, (approximately - 10-5% ('),
Freezing had. hy that time. permeated completely into the deeper
{issues.

A rvemarkuble phenomenon oveurred in this test, in so far as
that uweither of twa cysticeres swallowed by onr subject evaginated
their scolices, wherveas in 5 per cent. sodivag tanrocholate solution
4 out of 10 seolives evaginated in 2 hours, awd 1o 30 per cent, ox
bile-physiological saline solution 4 out of 10 scolives evaginated in
2 to 4 hours.

Eeperiment No. (G,

A side of heet weighing 254 b, was frozen for 48 hours.  Same
remarks regarding freezing apply in this ecase as ahove.  One out
of 12 scolices evaginmed by Keller's method,

Eapevimeont No. 3.

A ox tongue was frozen for 48 hours.  Freezing was definitely
complete.  No scolices from 8 mensles evaginated by Keller's method.

Sunnetry.

After 48 hours™ freezing in sides of beef weighing approximately
260 1b., the freszing process has permeated considerably into the
deeper musculature.  The freezing action has, however, not yet
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had sufficient time to destroy the viability of €. boeis. In small
pieces of meat, for example an ox tongue, the freezing process is
definitely complete, and few measles will snrvive the low tempera-
ture veached in the interior of such meat,

Hlustrations see Figures 12 and 13,

Frevne 12, Frovne 13,

(", buris scalices evaginated m 2 i, harin seolices evaginated i 2
liours in 5 per eent. sodimn  tauro- onrs  in 30 per cent. ox bile-
cholute  solution. Measles  from phivsiologienl saline solution, Mensles
cilrcasses  frozen for 42 honrs. from curensses lrozen for 495 houtrs.
Magn., 7x. Magn, 7.

3. Eeperiment No. O,

A fairly heavy (350 1o side of beet from the same careass as
that of Experiment No. 4, was frozen for three dayvs.  After three
days” treezing the inuer temperature of the buttoek, vead on a *° spear
thermometer ', vegistered 202 1, (approximately - 72 (. By that
time freezing wis complete,  Ater 24 hours’ 11|:|\\'ing of the meat,
WolLG. swallowed T €' boris in three tubes.  All seven scolices
evaginated,  Contemporary artificial evagination tests were tred.
Five (', fioris were treated in each of o 3 per cent. sodivm taurocho-
late solution aml a 30 per cent. oy hile-saline solution,  Negative
results were obtained.

f‘:.r;mrfmtm! Nu. 8.

A side of heef weighing 230 Ih., frow the swme earcass as Chat
desceribed o Experiment No. 7, was frozen for 3 days. The mmner
temperature of the meat fell from 25° 1, after 24 hours to 299 I,
after three days. Freezing voom temperature varied between 169 I,
and 11° F,  Freezing was complete,  Out of 12 measles swallowed
by W.IL(:. in four tubes, oo less thun 9 evaginated their scolives
beautifully.  Contemporary artifieinl rests with 10 wmeasles in each
sodium taurocholate solution and 30 per cent, ox bile-saline solution,
wave negative resulis.
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CYSTICERCOSIS IN SWINE AN HOVINES,
Experiment No. 9.

A side of beef weighing 248 1b. was completely frozen through
in three days. Inner temperature of the meat fell from 28° F. after
24 hours to 23° F. after 3 days. Roow temperatare fell from 189 I.
after 24 hours to 112 I, after 3 days. Out of 10 measles swallowed
by W.ILG., two evaginated their scolices.

Sunimary.

Three days' freezing of sides of beel is not suflicient to kill
€. hovis. A temperature of 23° 1. is easily maintained in the meal

after 24 hours, provided the voow femperature is kept below
- 100 (.

4. Erperiment No. 10,

A side of beet weighing 300 1h, was frozen through for 4 days.
The internal temperature of the meat registered 28° I', after the fivst
24 hours” freezing, and fell rapidly between the thivd aud fourth days<
from 23° 1'. to 149 I',, which femperature was the same s that of the
freezing chamber. On the third day the temperature of the freezing
chumber necessarily rose to 19 I'., as the result of the opening of the
chawmber for about an hour, in order to take out, and place in a few
lightly infested measly careasses for Regulation freezing treatmment.
After 24 hours' thawing of the meat, W.H .G, swallowed three tubes
containing 10 measles, Of this number four scolices evaginated.
Confemporary tests with sodivm taurocholute 2olution and ox bile-
suline solution gave negative rvesults,

Eaeperiment No. 12,

A hind-quarter of beef weighing 160 h. wus frozen for 4 days.
The initial temperature of the frevzing chumber was 219 1., but atter
the yuarter had been in the chamber 48 hours, the tewmperature had
tallen to 16° 1., and this was suceeeded on the third and fourth days
by 11° 1. and 15° ¥. respectively. The internal temperature of the
weat after the 2ud, Srd and 4th days was 239 1., 199 1., and 200 7.,
respectively. Freezing of the quarter was complete.  After 24 hours’
thawing of the meat, W.H. G, swallowed 10 eysts, of which vumber 4
evaginated scolives,

Faperiment No. 18,

A side of beef weighing 281 1h. was frozen for 4 davs. Freezing
was complete, and on no oceasion during that time did the freezing-
room tempernture exceed o maximum of 169 T (upprosimately

9% (1), T'he anternal temperature of the weat Fell from 24° 17
(approximately - 659 () affer the first 48 hours’ freezing to 189 F.
(approximately 82 (') after the 4th days" Treezing.  After 24
hours’' thawing of the meat W,.H.G. swallowed seven measles in §
tubes. OF this number two evaginated their scolices,  Contempoiary
tests with sodinm taurocholate solution and hile-saline solution gave
negative results.
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Nuntinary.

Out of u total ot 27 measles from meat frozen for four davs,
swallowed by W.IL.G., ten were still capable of evaginating their
scolices nnder conditions tantamount to natural infection. reeziug
in all cases was complete, and g uniformly low temperature was main-
tained. Cysticereus hores is not destroyved by thorough freezing in all
cases within four days.  lustrations see Figure 16.

h. Kaepertment No. 11.—A side of prime “young'’ beef weighing
288 1b. and containing a lavge quantity of fat, uniformly distributed,
wis frozen for 5 days. This side of Leef was from the sime carcass as
that of Experimeni No. 100, That freezing waos complete can bhe
gleaned from the fallowing temperature records, which are specially
repeated in this case : —

Initial Temp. Temp. Temp. Temp. | Temp. | Temp.
Temp, of | after after after after after after
] Fregzger. | & Hours, | 24 Hours, | 48 Hours, | 3 Days. | 4 Days. | 5 Days,

. ‘F. ¥, I W °F. *F.
(1) Of Ment... .. — — 28 22 23 14 12
(2) Of Chambor 1§:] 14 1n 12 19 14 il

Only on one oeccasion, us was noted under the description of
Fxperiment No. 10, did the freezing-room temperature sxceed — 102
(. for the reasons stated. It toak torig-eight howrs helore sufficient
thawing had oecurred to permit of the side of heet being dissected in
order to eolleet deep-seated eysticerci, Thirteen measles were given
to W.H .+, to swallow in 4 tubes.  Of this number one evaginated its
geolex, I sent this evaginated scolex to Dr. . O, Ménnig, Onderste-
poort, with a request that he should examine and deseribe its con-
dition, and, if necessary preparve it for photographing purposes.
Dr, Monnig kindly favoured me with the following report :—

* 8eolew of C. hovis evaginated after o days” freeziny.

The secolex is provided with two apparently vormal suckers
situated on two adjoining quarters.  ‘The other two guarters ave
slightly thickened, as if rudimentary suckers were present, but no such
structure is visible. Between the latter two quarters there is a large
invagination of which the opening is as wide as a normal sucker. The
lumen of the invagination is then constrieted, but widens out again
to form & fairly large space in the centre of the scolex, from which
two arms are given off in the directions of the two normal suckers
and almost reaching these. The orifice of the invagination is lined
with enticle bearing a number of evenly-spaced striations divected
from without inwards, The walls of the invagination within the
seolex are thrown into g number of large folds. Tt is prohlematic
whether the scolex could have attached ifself normally fo the intestinal
wall and, if it could have done so, it is probable that the tapeworn
would have had some difficulty in maintaining its position after it had
grown to some length.” Jlustration of this seolex, see Figure 17.
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Eaperiment No. 19,

Side of beef weighing 250 1h, was frozen for & days. Freezing
wits again complete and uniformly low temperatures were maintained.
WoH. G, swallowed 11 measles, of which pumber noue evaginated
seolives,

Faepertment Na, 19.

Side of beef weighing 289 1b. was frozen for & days. This side
was from the same carcass as that of Expervinent No, 18, thit of 11
measles swallowed, no scolices evaginated,

Eaperiment No, 20,

(fareazs of heet weighing 114 1h. was completely frozen through
tor & duys, Note the Tow temperatores maintained of (1) the meat
and (2) the freezing chaber.  After 48 hours” thuwing of the meat
W.H.G. and two others swallowed 34 mweasles.  Of this number no
seolices evaginated, (Dne hog containing 4 mensles was ** lost 7

Sunuwary.

Out of a total of 69 measles swallowed by my assistants, one
evaginated its scolex, after five days’ freezing,  Dr. Minnig has aptly
desceribed the deformities of the hend of this evaginated scolex, but,
nevertheless, if we must accept the theory of complete evaginafion
of the scolex as the hest criterion of viability of measles, then we wust
bear in wmind that oecasionally viable cysticerer muyv survive in heef
frozen for five days,

G. Keperiments Nos. 13 and 10.

Sides of beef weighing 289 W wnd 316G Ih, respectively, were
completely frozen throngh for six days. Out of a total of 27 measles
swallowed hy my assistant, W.IHLG., no seolices eyvaginated.

Eeperimionts Nos. 22 tu 31.

Having established the possibility  thar ', bovis  might
occasionally survive five dayvs’ continuous freezing, 1 decided 1o
confine my tests after the twentieth experiment to measles from
carcasses frozen for six days. Consequently, the last teu carcusses we
obtained during the months of December, 1936, and Jannars
Tebruary, 1947, were sulijected to six days’ continuous freezing,  As
many eysticeres ws possible were collected from both sides of those
respective carcusses, after the latter had been sufficiently thawed, The
cysticercr were enclosed in tubes and silk bags and were swallowed
by W.H.G. and two assistants.  W.IT.(G., as usual rvecovered all his
fubes, but a few of the silk bags were * lost *7 by his two confréres,
Nevertheless, out of a total of 317 measles collected from 10 careasses,
no seolices evaginated.

7. Eaveriments Nos. 14 and 17.

Two fairly large sides of beet, weighing 200 1h, aud 312 The,
respectively, were completely frozen for 7 days.  Out uf a total of 21
measles swallowed by W.H.G.. no scolices evaginated.
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The following short table summarizes the results of onr freezing
tests with €7, bors,  (Sides, Quarters amd Carensses of Beel onlyv) :—

Davs F Totul Measles Total Scolives Digested or Perventage
AR FTOXN, Swallowed. Evaginated, * laost,™ Viable.
1 23 22 i 1K1
2 11 i 18 71
3 20 I8 1 u2-07
4 aT 1) 7 3714
5 134 1 68 1-45
0 344 " R3]
7 a1 i 21
T
Frecnwe 14, Frevng 15,
_ 0 buris scolices evaginated by . boris scolices evaginuted by
Keller's  method  after 3 dayd Keller's method after 3 duys freezing
freezing, Magn, TX. Magn, 7Tx.

Ficvre 16.
€. bovis scolices, evaginated by
Keller's method after 4 days’ freez-
ing. Magn, 7x.
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Frovue 17, Frovne 17w,
. bowms seolex evaginated by Keller's Microscopie  view ol
method, after 5 days’ continuous  freezing, salne scalex,  See deserip-
Magn. 7x. tion of Experiment No. 11

Magn. 40x.
(IONCLUSIONS.

From the results we obfained with the available material at
Bloemfontein Abattoir, it is reasonable to conclude that €. hoeis,
frozen in whole sides of heef can withstand a considerable amount
of freezing. That the beef cysticerci can remaiu viable under those
circumstances, after 24 hours’ to 4 days' continnous freezing, is with-
out much doubt, if the fullest recognition of our criterion of simulat-
ing natural infection is to e accepted as the most conclusive evidence
thus far provided by modern science.

Our tahble, giving the most meticulous daily temperature record-
ings, shows that the most thorough through freezing of the tested
eireass was applied.

After five days’ continuous freezing, on one occasion, my suhject
recovered an evaginated scolex. This seolex, us was deseribed by
Dr. Moénunig, was to a great extent deformed in the head process,
and only two normal suckers could be noticed. Siuce malformations
are not altogether unusual in cysticerer, it may be ennsideved possible
that this particular eysticercus may have evaginated a deformed
scolex under normal and fresh conditions. It may also not he
unreasonahle fo presume, that since one deformed cysticercus out of
a not excessive number tested (691, was capahle of evaginating its
seolex, a few quite normal eysticerer might le able to do so, if
swullowed by humans with the ingestion of measly heel frozen for
five days. We may, therefore, reasonably presume that a five days’
freezing treatment is rvisky, if we ave to satisfv ourselves of the
g;hm:iasi perind of freezing necessary for the destruction of Cysticered
OIS,

Superficial Cysticerel hovis, e.g. those situated in the tongue, or
in the masseters of the face, ave desivoyed within 48 hours, according
to our tests. Provided a temperature of - 10° (. is maintained for
that period, through freezing of a rvelatively thin muscular organ,
like the tongue, or of a thin flap-like musele, like the wasseter, will
oceur with certainty.
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Judging from our tests, it wonld appear that no Cysticerar bovis,
situated in the deep musceulature of the shoulders or of the thighs can
survive @ period an excess of five days’ freezing.  After 6 days’
freezing, 444 deep-seated measles (shallow measles were ignorved and
nol usel) failed to evagiuate their scolices, when swallowed aceording
to our modifications of Keller's and Iwanizky's methods.  Similarly,
we had negative vesults with 21 wensles tested on two oconsions after
7 days’ freezing. If our results, offersd not in a dogwmatic manner,
were to be accepted, it can reasonably be presumed that no epsticerc
will remain viable after six days’ continuous freezing, bui there is
a definite probability that a few individual desp-seated ecysticered
can survive a five days' freezing.

The South African Regulations provide for a period of 14 days’
vontinnous freezing ot - 10° C., and fhere is no doubt at all, that this
period is perfectly safe from the public health poiot of view. TF any
good purpose were to be served thereby, ez, economy to the butehors,
I feel that the period of freezing can with a murgin of safety, be
roducod fo 10 days’ freezing.  The only objection I have fo a ten days’
freezing process is that, unless the abattoir is u lorge concern and
severnl froezing chambers may be available, it will he diffienlt to
organise control and maintenance of low tempernturves,  This can be
elucidated by the following example, At Bloemfontein we only have
one freezing chamber availuble at the present time.  In order fo
maintain the low temperature required, we have set aside one morn-
ing o week (every Tharsday), when we take out of, or place into, the
freezing chamber the week's number of lightly infested carcasses,
which, meanwhile, have been collected and kept in a purt of the chill-
rooms set aside for that purpose. This operation fakes about au hour
every week, and after that the freezing chamber is kept locked until
the next week, except for a few minutes on certain ocensions during
the past year, when we wore conducting onr viability experiments.
By setting aside a certain day onece a week for working in the freozing
chamber, a vegular control can be exercised, whereas with ten days’
freeving, irvegular days of taking out or putting in careasses will
Fesllow,

In agreement with Keller, oue must stress the fact that low
temperatures must be maintained, otherwise, ns Keller found, all
cysticercd may not be killed even after abont 2 days' freezing af
such high temperstures of, er. =19 (', to - 1-09 (. (4309 1),
(See Tahle on next page.)

PART V.,

The Importance of Cysticercosis in Meat in Relationship to
Public Health,

LE lins been considered o moot-point as to whetber the Cysticercus
oollulosan in pork and its eorvelative Zaenta soliwm in man, or the
(ysticerens borvis and its adult Taenio saginata is (he more important
purasite, from the perspective of public health. At the presemt fime
it would appear that Taenra sagipata is far more frequently found in
humans than Taenta seliwm, in most countries where hath parasifes
are enconntered.,  Yet, in many conntries, and o South Afriea in
pa rticular, Cysticerens cellulosae in the pig i= the mure common larval
torm.
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[t bas hardly been found practically possible to conduet scientific
surveys of the incidence of the two species causing human tacuiasis
in any country, and, theretore, recent liternture is remurkably silent
on the question. That either or both parasites occur almost
universally may be gleaned from reference to the recent articles hy
Lidyre (France, 1933); Cameron (Great Britain, 1933), Robertson
(Great Britain, 1920); Krueger (1934), Junack (1926-31), V'rofé
(1954) and mavy others in Germany ;3 van der Slooten (1932), van
Oijen (1929), Kerstens (1931), and many others in Holland ; Cattaneo
(1932) and others in ltaly; Krupski (1917), Guillebean (1917) and
others in Switzerland: Dikolt (Bulgaria, 1931): Elvinge (1929) and
Nielsen (1934) in Denmark; Grado (Sicily, 1935);  Michail
(Roumania, 1933); Kguchi and Nishiyama (Japan, 1930); Mills
(1923-24), Gear and Pedersen (1934) in China;  Rao (Todia, 1933);
Yenikomshian and Berberian (Syria and Lebanon, 1934); Bergeon
(French Indo-China, 1928): Le Coultve (Dutch Kast Indies, 1928);
Price (11.S.A., 1925), Hall (U.S.A. and Central America, 1927);
Nauck (Costa Riea, 1931); Palais (Brazil, 1933); Schwartz (1925)
and Schwartz and Tubangui (1922) in Phillipine Islands; Penfold,
Pentold and Phillips (1936) in Australing  Claverie (French Guinea,
1928); Teppaz (Senegal, 1923); Maplestone (Sierra Leone, 1024);
Poisson (Madagascar, 1929 and 1934); Daubuey and Carman (Kenya,
1928); Porter (1918), Watkins-Pitchford (1923), Cawston (1934 and
1935) and Minnig (1934 and 1936) in South Africa.

A detailed survey of the incidence of human taeniasis is not
given in every case by the above authors, in respect of the countries
to which the varions articles refer, but the extent of infection in some
countries can be goauged from extracts from many of the articles
According to Liévre (1933), in PFrance in every hundred cases of
tapeworm imfection, only one is due to Taenta soltum. The frequency
of human infection is inversely proportional to the deuree of infesta-
tion of the intermediate host.

According to Junack (1926) infestation of humans with Zacnia
saginata in Germany had a big increase during the war period, when
many soldiers served in parts where no meat inspection existed, or
where the inspection may have been of a perfunctory nature,

Special refersnce may be made to countries with predominantly
non-luropean populations.  Egueli and Nishiyawa (1930) veport that
Tacma solivm is very rarely met with in Japan, with the exception
of the Prefecture of Okinawa, where they foumd (wenty-five cases of
7. coliwm. Wu (1936) stated that in all, fifteen cases of Toema solinm
have heen reported from the following Chinese provinces: Shanfung
1, Hupeh 1, Hunan I, Yuonan 1, Kwangtong 1, Shansi 1,
Szechuan 3, Hopei 5, Chekiang 1.

According to Wu, fifteen cases of Tacnia saginata were also
reported from the following Chinese provinees: Hopei 12, Yunnan 1,
Anhwei 1, Fukien 1. '

Mills (1924) stated that in 2 years he treated 12 patients for
Taenta saginata in the Peking Union Medical College, includin
one American zirl of 24, No cases of Taenia solivin were obsorveﬁ
by Mills. He helieved that faeninsis was much more prevalent in
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China than was supposed.  Although very few pationts were nctually
treated in elintes, o vast pumber was freated by native medicines
i bazaurs,

Liang (1932), quoted by Gear ond Pedersen (1934), reported n
case of Laenw soliwm intection, awl in the Chinese hospital survey
only two eases of 72 selivm were specifieally  dinguosed, one from
Peiping and one from Nanking, both in Chinese subjects.

Ruo (1933) veported o case of 7. soliwm in Madras, Toudia, and
mwade special mention that he believed the 7. solivm was a more
conmon pavasite in Todia than has been revealed.,

That Lacwra soginata is quite a common parasife in Syria and
Lebanon, is shown in the statistics supplied by Yeoikomshinn and
Berberian (1934).  These authors state that * teniasis 15 el more
common i Beient amd its surroundings than in Aleppo and Duas-
cus. o both Syvia and Lebanon, mest s frequently vaten raw as
Kibbd weyyl, a national dish, or broiled,  In Beieib more beef is
evaten than in Aleppo and other parts of Syrein, wheve maffon and
woul menl Is preferved L To the fonr anain cities of Syrin und
Lebanon and on the Amik plain the authors fouml the meidence
of 1. seginata in faecal examination to be: Aeppo 2-6 per cent.,
Damascus & per cent., Baalbek 3 per cent., Hamah 0 por cent. and
Amik plains & per cent. In Beirat the incidence was found to b
12 per cent. In that |ml'|i|".||nl' aren no 1. oselivm was found, since
the majority of the inhabitants were Mohuwmwedans, who did not eat
pork.  Ou the const belt aud along the Orontes River the incidence
i Laenin suginata waus 10 per cent,

Penfold, Penfold and Phillips (1936) give o suggestion ol the
extraordivary incidence of 7. sagroata infection mmong  Syrians.
These authors conducted o survey of the ineidence of fapeworm
infection in the State of Vietoria, Australia, and they found that
90 out of 1,850,000 people iu that State had Taenva saginata,  OF
that wamber 12 were Svrian-born Austealinns.  In the entire State
of Vietorin there were ouly 377 people who were horn in Syria,
and 42 were infected, or LLOOO per 100,000, The survey was con-
ducted under the aegis of the Vicloria Government, who offered a
reward of €5 to ecarriers for the production of o complete Tacnia.
In addition a very thorough questionnuire was sent to all physictans
and chemists.

Aecording to Bergeon (1925) and le Coultre (1928), bhoth para-
gites are relalively common among natives o French Todo-Ching
and in Bali, respectively,

Meo J0 1 Porbes, MORCOVLS, of Singapore writes (19.11,36)
that medical authorifies have reported a very low incidence of taen-
wsis o Malayva, but Mr. Forbes has *f resson to helieve that the
incidence of infection s considerably higher than is anticipated ',

Iu the Phillipine Isglands, according to Schwartz and Tubangui
(1922), the invidence of 7. saginale was relatively bigh.  Aboud
30 in 4,000 stool examinations were positive,  The incidence of
7. salivwm was much lower,

Price (1925) believad that the incidence of 7' soliwm was high
in Texas, T.8. AL, with its large Negro and Mexican populatiou.
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Naunck (1931) found that Cysticercus cellulosae in humans, due
to the frequeney of 7. solivm swong the inhabitanis was very
readily acquired in Costa Riea.

In order to obtain knowledge of the ineidence of infection with
various kinds of worms among nutives iu Sierra Leone Proteclorate,
Maplestone (1824) examined the sioals of S0 nutives, inmates of
the Freetown gaol. He found that 3-2 per cent. were infected with
1. saginata.

Diubney and Carman (1928) exsmined the stools of the inmates
of o Government reformatory in the Kenya Highlands and found
the iucideuce of 7. saginata to be 50 per cent. The inmates of this
veformatory were hovs drawn From all parts of Kast Africa, and
vepresented alniost all triles.

Capt. 11, J. Lowe, M.R.CV.S., of the Departiment of Veterin-
ary Seience awd Animal Huoshawdey, Mpwapwa, Tangunyika Terri-
tors . supplies copies of reports from sowe Medienl Officers concerning
the incidence of hwman tapeworm bfestation in different parts of
the Territovy.  (Letter dated 2410865 : —

De. R. €. Speirs, Medical Officer, Moshi found 313 infected
stools among 552 examinntions Dom prisoners, safitary  porters,
school hoys and other native children,  (April 19450

D, W, Hood-Dye, Medieal Ofticer, Tringa found 34217 per cent.
of stool examinations positive for 7. saginata among the Wahehe
tribe, and 1402 per cent, among the Wabena trilie.  (August 1955,

Dr. Ao MeA. Blackwood, Medical Officer, Dodomn, found among
inpatients at his hospital that 34 out of G348 stool examinalions were
positive for 7', saginata, or 532 per cont, (July 193300

Dr. J. S0 Armstrong, Medical Officer, Singida, treated 2450
casies for tapeworm at the Singida Hospital during the five veurs
192832, He caleulated that the Singida Hospital seeved o popnla-
tion of 45,000-50,000 people.  (May 1934,

Dr. D, A. Skan, Medical Officer, Dar-es-Saluwm, found 119
stuijl examinations ont of 3,015 positive for Tacoia infection.  (April
1933).

We have already seen that many of the earlier wreiters mentioned
the severe—almost 100 per cent.—ineidence of 1. soginata among
the Abyssintons.  (Reference Newmann, 1892: Leuckart 1886y, Ta
whot extent fhe intection oceurs in that country af the present time
is not known, sinee little or vo litersture is available an the subject.

Poisson (1830) supplied statisties for the vear 1927 of recorded
cases of 7o soliww in Madagusear.  He wmentioned that the hulk of
cases found o Madagasear were residents of the Aoras, also among
Furopeans born in Reunion, and the disease wos uol unkoown among
Eurapeaus resident in the Capital, awd eommon among Indians ot
Farafangana.,

According to Poisson, 49 cases of 7. solivm weve veconled in
Madaguscar in 1927, of which number, 16 come from Foavafungana,
and 6 wwong the tiraillewrs of the gaveison ol Majunga.

It is o great pity that regular surveys of the incidence af
taeninsis are not undertaken in our eivilized cowntries,  Iu South
Africa, Porter (1918) did a suevey of the incidence of helminthiv

infection among uatives in Johanneshurg, In the Jahanneshurg
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General Hospital she detected the ova of tapeworms in the excretum
of 37 out of 375 native patients, and in 1 out of 60 European patients,
** All of these patients had been admitted for diseases other than
“worms , and many of them were surgical cases,"”  Twenty-six
of the natives harboured 7. saginata and eleven 7. solivm. The
European case harboured 7. saginata. Porter further recovded 104
post-mortem examinations on native mine labourers, “* Tapeworms
were discovered in the intestinal canal in 20 instances. (12 7.
sagenata and 8 1. soliwm.)"”

Watkins-Pitehtord (1923) estimated the inecidence of tapeworm
infection amonr South Aflrican natives to be lfvom 10 to 14 per
cont., ““ and it is not uncommon amongst Europeaus . According
to Watkins-Pitchford, between 1917 and 1923, 17 cases of lupeworm
(12 7. saginata and 5 1. soliwm) were diagnosed v Furopeans from
microscopic examination of faecal specimens sent to the South
African Institute for Madical Research, Johanneshurg. *° Such
returns do not give, of course, any indication of the extent of the
prevalence among Kuropeans.  Many people harbour these parasites
and are quite unconcious of the fact, hecause they néver inspect
their own dejecta. Those cases in which diagnosis is arrived af by
microscopic examination of faecal specimens must represent a very
small fraction of the total mumber,”

Dr. A, J. Ovenstein, Chief Medical Officer, Rand Mines, Ltd.,
very kindly supplied the following tahbles which show the incidence
of worm infestations among natives employed on the City Deep
Mine, Johannesburg. The tables were compiled by Dre. W. O,
Fischer, for the yvears 1928-33, inclusive,

Tavre 1.

Incidence of Tapeworin in 1LOSG conseentive autopsies on Nalive
Mine Workers of the City Deep Central Native Hospital,

Tarnia saginaia. | Taenia solinm.
. No. of |— o
Tribo. PMA | oy | Pee - Per-
A | eontagoe. ’ contagr.,
331 i 1-2 ‘ — =
17 5 2-9 _— -
16 R 24 == =
| e | A 68 | — ‘ -
East Coasr Narives Torar 651 | 14 ‘ 2-3 ! |
Basuto.. , . A5 | 6 2-3 | 1| o7
Xowa, o v vivnra R R, ‘ 03 1 1-1 — ——
/L[ PR 44 | 2 Aedl - -
Bechuann. . .. 20 —_ - —_ —
PR S rvaitv s s g diwaivie ‘ 27 1 37 - —
WA s i v b s s iiia yu 9 — — -3 =
BN s e o s g g s 2 22-3 1 11-1
Baoh.... ... e iea dssuiiien's 8 2 25-0 - -
L e - Oy PP Ly I 6 - — — | -
L P N PR B 4 3 730 — -
Cape Coloured ... ..oovnnneen | 3 - — - =
Ustoy Namves Toran. . .. 135 e | 7 | 2 | 5B
POTAL..s5ssdoatinnnsrs | TOSH | 28 2 0-2
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Tawve 1.

Showing incidenve of Tapeworm vva wn the stools of Natives of the
City Deep Mine n 101G consecutive eraminalions.

| . Ova of Ova of
Tribe ‘:':;m;: Taenia saginabi. Taenia solivm.
Examined.| ] ;
No. Per- Nov. Per-
| | | centage. l oentage,
Shangasti..coov ... =S 214 7 ‘ 33 1| 043
Nyambaan ...coovvenininnen a8 I 2.6 —
MeBOpi-orevwsqnrsamnperrnss 41 2 | 65 | —
TOMES s a0 w s samarsrsmn s ns 20 - = =
ey — =
East Coast Namves Toran | 303 | 1 | : £ S | | 043
[ 482 1 »5 | 2 0+
145 [ a8 (I A TR
e 1 | B e
44 1 | 2.3 -
3 — —_—
3 I | 2.0 -
0 1 11-1 -
ﬂ -
T a - e
5 | — - -
4 = =
Uston Namves Torar, ... | M | 84 | - - 42
POTAL esvrssassivioinng | 1ot | s8¢ | 33 i 0.4

Since the above, according to Dr, Orenstein, Dr, Fischer in
1935 found Taenia saginata in 2°2 per cent. of 934 Union Natives
(excluding Zulus); in A9 per cent. of 108 Zulus: and in 3-3 per
cent. in East Coast Natives,

Note: By East Coast Natives is meant those from Portugnese
East Afriea,

Dr. €. G. Becker (17.2.37) kindly supplied statisties showing
the number of positive examinations of the stools at  the Sonth
Afrienn Institute for Medical Research, Johanneshurg, for the years
1934 10 1936 (inclusive), The following table illustrates the numbers
of cases found (ova and/or segments), and the statisties refer to

1. saginata, except where special mention is made of 7. soliwm.

Europeans, Non-Europenns, Total
Yoar. — = - - Stools
Ova, ‘ Segments. Ova, |l Segments, Exsmived.
Y034 s rvv s pinen 14 25 21 1] 4.700
1935, .0 0ensramnys 8 19 i 3 384
plus 1 T, sl
(sogmients)
IR, oviserenas 11 - 30 2 2813
plos 1 T. sol.
| (ova and segs.) |
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CYSTICERCOSIS IN SWINE AND BOVINES.

Between the period 4.4.36 and 10.1.37, the following cases of
Taeniasis were freated at the Pretoria Hospital. (Statistics kindly
supplied by Dr. H, J. Hugo, Medical Superintendent.,)

Europeans.
Age. | Sex, Il Diaguosis. Date. . Remnrks,

1] ST | T. sodivm do4.88 |

B aing . M. » 2.8.3¢ |
ME. b B " 7.9.36 l

Jess=anrenss | AL 5 7.9.36 One family, N.B,
Buicarmanaas F. 5 7.0.36

bt 2.0 e 23 R | e 30.9.30 ‘

BT aasts M. ik | 210,30

Non-lwrapeans.

e <p s . | 7. solium 5.1.37 Basuto,  Admitted in coma,
1§ Vs [ B - 10,1.37 Basuto,  Admitted us acoident case,

Judging trom these statistics, and from figures supplied by the
medical authorities of two of our neighbouring Native Protectorates,
it would appear that the incidence of taeniasis among natives and
Furopeans is not high in Southern Africa, Dr. J. W. Stirling,
Principal Medical Officer, Bechuanaland  Protectorate  reports
(4.11.86): ** From reported cases one would conclude that infection
in humans of tapeworms is not excessive.  Out of 27,662 first attend-
ances of oui-patients in 1935, only 43 were for tapeworm infection.”
Dre. H. W, Dyke, Principal Medical Officer, Basutolond, reports
(30.10.36) ;. *“ Out of 133,021 out-patients there were 231 cases of
tupeworm. These figures are for a three-year period at all Govern-
ment stations. At Maseru out-patient deparfment for the period
1st January to 30th September, 1936, oot of 7,800 out-patients, there
were 7 eases of tapeworm 7,

There can be little doubt that the figures given in the statistics,
and also those of the two Native Protectorates arve only indicative
of a very small percentage of the actual infections. Reference to the
Survey of the Incidence of Cysticercosis in an earlier Part of this
work shows a particularly high incidence of (', bowis in Nafal, where
i large numher of cattle of Zuln origin is sluughterved ; in Barberton.
which distriet borders on Swaziland; and in the constal Cape-FEastern
abuttoirs, Last London, Kingwillinmstown, Forl Beaufort and Port
Elizabeth, ventres which dreaw o good denl of their stoek from the
Transkeinn Native Territories., The Iastern Orange Ifree State iz
a ** black " area as regards . cellulosae. Reference to the ** In-
cidence Map ™ shows the proximity of the distriets of Ficksburg,
Senekal, Clocolnn and Wepener to the Basutoland border. We have
noted that the Principal Veterinary Officor for Basufoland estimated
that the incidence of €. cellulosne in that Tervitory was about 10 per
vent. in pigs. Sonth African Statisties—the few which are available
amd not by any means iruly indicative—appear to agree with the
observalions of Libkvre in France, that 7. saginata is encountered
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fur wore trequently thau 7. solivm, and that the incidence of infec-
tion in the human is inversely proportional to the severity of fhe
infeetion in the interwediate stage, Undoubtedly, il pork were not
eaton in a well-eooked state, even by natives, !jw incidence of 7.
solvum would be much bigher everywhere in South Afvica, but the
onnivorous halits of the pig tend to the ready ingestion of the enfire
human stool. containing thousands of 7. seliww ova, and beayvy
wfestation of the pig follows, A theory, which 1 think hears a good
deal of luet and may possibly explain the somew hat anomalous dis-
proportion between the velative frequency of infection in the pig
and the rarer infection of the humau in South Afrvica, with the adult
tapeworny, Taena soliwm, is that the risk of the human infection is
vory much greater through the handling of measly pork than through
the wngestion of 1t Leuckart bears out this point and mentions that
hee found infestation with 7. solivm Yar more frequently in woren
thun in men, and especially among cooks and kitchenmatds wha
handled pork, and whon found in m-.'lzas. most frequently in butehers.
In owr Native Reserves the older nen and the women most Frequently
handle pork carcasses,  Owing to the sticky niture of pig measles
and the greasiness of the lavd, viable eysticerer can veadily be con-
veyed by the bands to the wouths of such carcass-dressers.  The
voung men, from whomw mine workers are recruited, eat well-cooked
wesly pork in their Native Reserves, but the handling and prepa-
ration of the raw pork is mainly dowe by their women-folk, On one
oceasion the writer could have been subject to tapeworm infection,
when he found o viable Cysticercus collulosae on the monthpiece
of his cigarette, after having minutely dissected a measly pig carcass
for observation purposes. 1 do not suggest that the ineidenee of
T. saliwm in Sonth Afriea 1s as great, or nearly =o, as that
of 1. saginata, but 1 do believe that in actaal tact the incidence of
infection is not truly reflected in observations on native mine workers,
A high percontage of infection with 7. solivm should he oliserved if
systematic  faeenl examinations could be made of representative
colonies of natives, including those who most commonly  handle
measly pork in the Reserves, namely the women. During 193G 1
had vecasion to apply to Dr. Viviers, Districi Surgeon, Vereeniging,
for some infornuiion regarding the origin of o case of cevehiral eysti-
cercosis in o native who died in the Bloemfontein Mental Hospital,
The patient originafed from the Vereeniging District.  (See Case
History Native Lueas Mpake in a subsequent portion of this Part.)
Dr. Viviers veplied, infer alin (letter dated 10.023867: T know
that at least 25 per cent. of the natives in this (Vereeniging) distriet
are infected with Zaenia solivm, Tn compounls, of which there are
many in this area, the incidence of infection is higher," Upon flrst
sight the remarks of Dre. Viviers may appear to be a somewhal exag-
gorated " guess in the dark ™, bt o those who know the South
African nafive and his habits, it will be clear that no gross exagge-
ration is presented.  Dorving 1932, 1 had occasion fo sutisfy my
curingity as fo the extent of infection of humans with fapeworm in
one of the Native Reserves.  On that occasion, along with an
Extension Officer attached to the Native Affairs Department, 1 visited
the stad of the Chief of the Moilon Native Reserve in the Marico
District (N.-W. Transvaal.) At a meeting of abont 4,000 uatives,
which T addressed on the subject of anthrax control, T was eventually
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guestioued by one of the Ieadmen on the veason why so many of
their cattle and pigs arve coudemued for mensles, when seut to the
Johaunesburg :mtll Pretoria abattoirs.  After a brief outline of the
life-histories of the two parasites I gave the opinion that many of
the wvatives present must have been infected with tapeworm, and
bluntly, in order to appease my curiosity, I asked those infected to
show their hands, At first, apparent coymess caused only a few to
admit, but after my assurance that there wus really nothing to be
ashamed of and that I would suggest a simple line of treatment to
them, what I estimated to he hetween 15 and 30 per cent. of those
present caused a mass of hands to be shown. [t is, therefore,
suggested that but a few of the notual carriers of tapeworm infection
present themselves for treatment at various hospitals, such as those
institutions for natives in Bechuanaland and Basutoland. As long
as no great discomfort and physical pain due to the infection may
he experienced by native carriers, these will not come to European
physiciansg for treatment, and some, undoubtedly, are treated by
their native ** doctors ", The native's mentality and his suspicion
of European interference with his ailments are amusingly reflected
in a letter dated 14.5.33 from Dr. J, S. Avmstrong, Medical Officer,
Singida, Tanganyika, to Capt, H. J. Lowe, M.R.C.V.S., Veterinary
Officer, Mpwapwa: *° ['pon receiving your letter I made an attempt
to induce out-patients at this hospital to attend for the examination
of their stools, but 1 regret that the only result was that all ran
away before the treatment (of their other ailments) was completed.”

In areas where proper meat inspection is not undertuken, the
risk of infection ito humans is great, and the incidence corres-
pondingly high. Cawston (1933) related an astonishing fact. He
wrota: ‘* Seven years ago (therefore about 1928.—N F.V.) some 30
per cent. of school children attending the elinic of the Potchefstroom
Health Committee were found to be suffering frow tapeworm infee-
tion, and this was used as evidence of the need for the establishment
of an approved ahattoir "'. The Potchefstroom experience should
surely have been a warning to smaller communities, especially those
close to Native Reserves.

Unfortunately no statistics of the incidence of tapeworm infee-
tion in school children in the Union arve kept. According to Dr. H.
Maugham-Brown, Medical Inspector of Schools, Cape Provioce
(letter dated 28.12.36), the incidence of infection in school chiliren
*seems to be higher in the Kastern Provinee than in the rest, more
particularly in the areas which obtain their eattle from grazing
areas oceupied by natives ', The Chief Medical Tnspector of
Schools, Transvaul, writes (8.1.497) : — ** During the rontine medical
imgpections the School Medical Officers do not examine all children
on the presence of auny intestinal parasites, on account of lack of
time and facilities. Any statistics that may have been compiled
out of facts obtained from medical inspections are very inaccurate
and are only obtained from (a) direct information from the child,
without being questioned in this direction, and (b) information
obtained from the child on account of being questioned in this direc-
tion. Our experience, however, is that the incidence of tapeworm
in European school children is fairly high in the rural areas of
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the Transvaal, and especially in the so-called Bushveld Areas (e.g.
Marico, Zwartruggens, Rustenburg, Waterberg, Lydenburg, ete.)
and this, presumably, is elosely connected with the fact that in
these areas cattle farming is the main occupation, and that in
addition to this the native population is probably heavily infected
with tapeworms. Roughly stated, the incidence of fapeworm in
European school children in rural areas of the Transvaal ranges
from a fraction of a percentage to as high as 20 to 25 per cent.

On the strength of this collection of evidence, it is clear that
the problem of taeniasis infection in rural and native South Africa
is most important, and warrants the scientific investigation of the
medical profession.

After having considered these various facts, we are still no
further in our decision as to whether Tuenia solvwm or Tacma sagin-
ata is the more important parasite in the field of public health. IF
we accept the frequency of oceurence of each individual species,
as gleaned from actual observations, which, admittedly, reflect an
incompleie survey, then Zaenia saginata must be considered of prior
importance. If, on the other hand, we must accept available medical
evidence as to which species is the more damaging to the host, and
is responsible for the more grave sequelae, then one must surmise
that Taema solinm is the more important.

We have already mentioned the fact that Taenia saginata is
more frequently the more ** solifary ™' species in the host. (See
Parts 1 and TL.) It stands to reason, that the ingestion of an
insufficiently cooked. heavily infested piece of pork, may cause the
development of a great numher of Taeniae solivm. The chances of
gross infestation through the ingestion of measl‘v beef are less, owin
to the general lighter infestation of the bovine. An exceptiona
infestation of a wnative was meuofioned, however, by Watkins-
Pitchford (1923), who stated that on one occasion as many as twenty
specimens of 7', saginata were recovered on autopsy, from the intes-
tines of u single native.

I'ne Ervecr or Taextasis Ixrecrios ox rae Humax Hosr.

Iu the healthy adult an ordinary single infection with either
parasite may not have very severe clinical effects on the patient,
Yoshino (1934), who deliberately infected himself for experimental
purposes with 7aenia soliwm, found that the presence of a few
adults in a patient would cause only slight gastro-intestinal derange-
ment, which was usually more manifest in the early stuges of infee-
tion. So little physical discomfort is felt by some of the more
primitive peoples, e.g. the Abyssinians (Schimper, quated hy
Leuckart) to infection with Taenia saginata, that these people main-
taiu ** that without this guest they would be nnhealthy, and that they
would suffer especially from constipation . According fo Lenckart,
intestinal irritation and nervous derangement in the host is much
less frequent in Taenia solium than in Taenia saginata, ut on the
other hand, the presence of the hookleis on the head of the former
sometimes eauses injuries in the intestinal mucosn.  Attachment
of both species oceurs in the small intestine. ** When in possession
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ol its tull vitai powers, the worm hangs so firmly that it is necessary
to pull and bend it hefore it will goit its hold.  And even after it
has done =0, it will attach itself again in a woment, if the head
suceeed in eatehing hold of o portion of the intestine.””  (Lenckart.)

According to Braun-Seifert (1823), the infection may canse ihe
following derangements in man: —

L. Absorptivn v/ Nowrishwent: The loss of nourvishuent on
the pavt of the host is usually compeunsated by the eating
of larger amounts of foord, owing to the abnormal appetite
the patient develops tﬂr*wshfmn;r’r)

2. Digestive derangements:  Freguently diarchoes, followed
by constipation ete.—frequently flatulus, fympanites,
sometimes  spaswodic  colicky  pains, and sometinmes a

"

Spressure *oin the abdominal region.
3. Nevvouws derangenients.
4, In weaker individuals angenoa may easily follow,

Sequelae.

Braun-Seifert (1923) velers to Spengler, who perfored an oper-
ation for appendicitis on a 20 vears old woman, and found a live
proglottis lodeed in the appendix.  According o Spengler. this
jproves that the presence of g foreign body will vause, through frie-
tion, the symptows of appendicitis simplex.  Martin, Pollag. Retz-
laeft and Westermann found similar causes of appendicitis.  ( Braun-
Seifert.)

Altenkamp (19:45) recorded o case of aeute appendicitis, in which
the presence of o portion of the strobila of a Tuenia was the canse.
So also did Pytel (1985) vefer to a case iu which tapeworm infestation
was the canse of appendieitis.

Farzane and [hragimoy (1935) found that ileus of the intestine
had been eaused by a conglomeration of Tacnia selivm segments,

Lenckart asserts that it is guite conceivable that the powerful
vontractions of Taenin saginata have an influence on the condition
of the intestine.  The projecting borders of the joints thus rub
inoa fle-like mwanner over the villi and easily produce a congested
stute, which lasts o longer or shorter fime according fo the circum-
stunves, and gives rise to many disease symptoms, If the disease
continue long, the nutvition soffers, T'rom {his there often arises
a condition which has o ecertuin vesemblance to anaemia, and which
especially exhibits the wany neurofic sviptoms of this disease.
*“ Singing in the cars, hallucinations, giddiness, faiuting, pains in
the joints, epilepsy, chorea and even mental diseases, have all heen
ohserved to he cansed by the tapeworm, and not infrequently to
disappear on the removal of the Iatter.” (Leuckari.)

Burnet (1919) placed on record three cases of chorea, which had
their origin in the presence of tapeworm, and were cured when the
worm was expelled; The pointed ouf, however, that u rheumatic
tendency might have heen a predisposing enuse.
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Yery interesting work on the snbject ol psyelosis due 1o fape-
wortn infestation was done 1o Senth Afriea o few veurs ago, by
Dr. A, S, van Coller, who was formerly on the staff of the Bloewm-
fontein Mental Hospital, amd is now Physician Superintendent of
thir Mental ]fllr’-[lif.il Gralwmstown,  Dr. van Coller very kindly
-uppllml me with g memorandum of his vesearel, and has given we
permission to gquote his hitherto unpublished findings.

Out of 430 cases, all sulfeving from psyehosis, he found fwo
Sroups, Yiz,
s

Toxic Group (180).
S Exhoaustion Gronp (150),

Both these gronps e coustdered were directly due to tapeworm
uf the intestines.  After treatmwent the " o 7 groap responded alnisi
inoediantely—that is, they recovered within three wmonths,  The
Ch T gronp was moeh slower—heve recovery was slow—Dhlool exam-
ination revealed o secondary anuemia in practically all cases. It
usually  took from theee to iwelve months for o rvecovery.  The
atentia had  disappeared by the time vecovery was established.
Sain this group he reckoned the tapeworin had Leen present for such
i ferm as to produce anaemia. The toxaemin, plus snaemia eventu-
ally cavsed o psyehosis. The halauee, that is 136 cases turned ont o
oo mixture of elassicul types. wostly Dementia Praceox.  (The
retmining four cuses were of Cvsticereosis of the brain, of which
three died from epileptiform psyehosis—see lafer.)

Dr. van Coller was of opinion that in these classion] types
(Dementin Praceox, ete.) the tapeworm acted wainly as o precipita-
fing factor, not causal.

Dr. 11, Egerton Brown of Pietenmaritzbarg, and lmuwr]\ ol the
Union Mental Hospital Service, informed we (letter dated 25.1.487)
that he was convineed that p certain nmmnber of cases of aenle exeite-
tent (mania) among native admissions to the Mental Huospital was due
fo an absorption of a toxin secreted hy the living Zacnia, amd he
made it a routine trentment to tey and expel the parasite in all cases
of this nature. Dr. Egerton Brown kindly supplied o 1ecord of 207
positive cases of tapeworn infestation.  OFf this number 139 recovered
atter treatment and were discharged, Sixty-eight cases were relieved,
o ot improved.  OF the vecoveresd cuses, ingnosis wis Ill-lnpllu'nlu
or Stmple Dementia Praccox and Toxie cases.  The rvelieved or not
tmproved cases all showed s improvement for some tine alter treat-
ment,  * On retreatment, the same thing hoppened.  Three cases
of epilepsy due to tapeworn infection were diseharged as recovered
after treatment,  No fits for wany months after treatient, they lhave
tol been vedmitted.

The findings of Doctors van Coller and Egerton Brown linve heen
guoted to illustrate the oceasional davgerons sequelae of tapeworm
infection, and have, of course, a special South African inferest,

Both species of houmun Taenia may oceasionally show simazing
tenacity of life. *° These tapeworms grow to a length of fwenty to
thirty feet and ean live for 12 to 20 years, or even louger,
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(Monnig, 1936.) Franke (1931) referred to the tenacity of 7.
saginata. Some cases he knew of had harboured the parasite from
15 to 19 years, and in one case the patient required six vermicides
before the tapeworm was eventually expelled. Leuckart quotes
Cobbold, who had cases who evacuated proglottides daily for 11
years, und Wawruch, who wentioned several cases which lasted from
twenty to twenty-five vears, and in one case he even wentioned
thirty-five years. ** Of course, it is doubtful whether this 1s always
the effect of the same tapeworm "', (Leuckart)) Lenckart mentions
that occasionally after death of the tapeworm, and instead of resul-
tant expulsion, mummification of Taentae may ovccur within the
host's intestine.  Such munmmified specimens were found by Cobbold
and by Kichenmeister,

Conditions which were cuused by what Shahun (1932) referred to
as ** migratory taeniae *' have occasionally been recorded, A soldier
in the Kgyptian Avny, with a history of oceasional attacks of sullo-
calion, died in hospital under Shahan's treatment, from a distressing
dysproen. Ou post-mortem expmination o lapeworm was found
lodged in the larynx und upper part of the trachea. Shahan men-
tions a ease in the liferature in which incision of the drum of the ear
for severe varache was followed by the passage of a tapeworm from
the middle ear and eustachian tube, Cases are known in which the
whole or portions of u tapeworm have been vomited,  Lavalette
(Lenckart) reported the ease of a pregnant woman who expelled the
proglotiides siugly through the mouth. Lenckart refers to cases in
which proglottides, or even the entire strobilae had passed through
fistulae of the bowels into the abdominal eavity. ** Fspeeially in-
teresting in this connection is a ease mentioned by Herz, in which
the tapeworm issued through the navel, without, however, bringing
any of the contents of the intestine with it, so that the patient could
he dismissed as cured a few days after the exit of the worm ™.
Leuckart also records rare pases in which the tapeworm was expelled
throngh the urethra. *“ In such cases, even when the ordinary signs
of vesico-recial fistula are wanting, it is evident that the worm can
only have reached the urinary apparatus from the intesiine. In
one of three cases mentioned by Davaine, the tapeworm remnined a
vear in the bladder, and expelled single proglottides at intervals of
about eight days, nntil it was killed by an injected anthelminthie
and then expelled at once. We need hardly add that expuolsion of
proglottides throngh the wrethra is accompanied by violent and
painful disorders. and that the above-mentioned cases interfere in
many ways with the health of the host.”

To summarize, we mighl mention that :—

(1) Simple infestations with wvither Taenmn have nol, as w rule,
any serions damaging effect on the human hosts, hut
(2) Anaemia, with resultant debility may follow,

(3) Frequently both tapeworms may show amuazing tenacity of
life, and may remain alive and actively eject mature pro-
elottides for many years,
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(4) Both species may he responsible for very serious sequelae,
among which have been recorded : —

ia) Digestive derangements and pathological vonditions of

the intestinal travt—ilens ot the bowel, appendicitis,

intestinal fistulae, which may cause niigration of the
parasite to the uro-geniial traet,

(h) Nervous  amd  mental  derangemenis—e.g.  choven,
psychosis with dementia praecox, epilepsy due f{o
Tuenta infection.

(¢ Migratory taemiae * way lodge in the rvespiratory
tract (usually in the upper part of the trachea and
the laryax), and in rmre cases seguents may be found
in the acoustiv and olfuctory regions, e.g. in e
enstachian tubes,

Tne Ixpesrarion or e Hvaay Svwecr winng CysTickrer.

OF perhaps greater importance from o clinieal poinl of view
that infeetion with the adult Paewiae, is the infestation of the haman
subject with Cysticercux cellulosae and Cysticercus hovis, which,
according to Broughton-Aleock, Stephenson and  Worster-Drought
(19235 hus heen known sinee 1538, Aceording to consensus of
npinion, the former parasite is far more I‘rc»:luentﬂv met with in the
humun subjeet, aml many authorities donbt whether actual cases ot
bovine eysticercosis have Eem encountered in man. Leuckart accepts,
with a great deal of reservation, the probability of human infection
with eysticercosis hovis.  Monnig rv,m's to ihe possibility of such
infection, but gualifies this with the reminder that the C. cellulosae
i by fur the more frequent parasite (1934). Von Ostertag (1934)
states that (O bowis *° has never heen definitely found in man . Tt
is. therefore, almost certain that hy far the large bulk of cases of
hinman cysticercosis (1o be clearly distingnished from human echino-
coceis, or so-called hydatid disease) is due to infection with
', rellulosac,

Tu every case of human evstivercosis, the victim of infection

- - . - - -

has undoubtedly been divectly or indirectly in contact with a Taenia
cnrrier,  Such infection may resnlt from the following: —

1. duto-infection: According to vase histories, and also to the
opinions of many authorities, it is less frequent that cases of human
pysticercosis have heen met with, in which vn post-mortem or other
exaniination evidence of Taenia infection was fonnd.,  When such
eases occeur, anfo-infection may result from: —

(i) Anti-peristalsis, in which reverse movements of the in-
testinal contents lodge in the stomach, and in such
movements carry rvipe proglottides of the Taenia solinm
with them, The ova are liberated and human infection
fnlxlnws on similar lines to that of the pig. (See Part
J1E)

(i1) Convevance of ova on the fingers, or under the finger-
nails into the moutl, hy o Taenia carrier. In such
cases the tapeworm carrier, most commonly of 7.
golium, will infeet himself with €', cellulosae, Vosgien
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(1910-11) mentions that out of 579 eases of human cysti-
cercosis observed by Aunscher, 62 were infected with
Taenia solivm.

Q. Infestation due to ingestion of Tuenin ovva by a varrier and
contamination of food-stuffs: This mode of infection is probably
responsible for the great hulk of cases of humun cysticercosis.  Chin
(1933) was of opinion that the ingestion of insufficiently cooked vege-
fables was the greatest sowres of infection in China, A similar
opinion was given by Vosgien (1910-11),  Colonel F. P. Mackie
(1934), in a discussion ou MacArthur's paper on ** Cysticercosis as
seen 1n (he Brifish Army ”, comments on the fact that inv Iodia
only the lowest caste inhabitants eat or touch pork, and it is probably
they, in preparing and handling soldiers’ food directly, or in eating
houses in bazaars, who, us Tacnie carviers, were responsible for the
infection of the number of cases cited by MacAvthur.

The use of human exeretnm as fertilizer for vegetuble gardens
18 o grave source of infestation of eysticercosis to the human subject.
Such vepetables as lettuee, parsley, eelery and water-cress, the leaves
or stems of which dave generally euaten in u raw state, are positively
dangerous if human excretum has in any way come in contact with
fhem. Tt is highly probable that the majority of cases of human
ovsticercosis  found in South Africa, especinlly in  Europeans,
originate through accidental infection through the ingestion of ova
in the food, Wa run a grave risk of infection in Seuth Afriea
through our elose contact and association with our uative population.
Garth (1923) stressed the potential danger in a household of a 7.
solinm carrier, whose contaet with the vest of the family conld canse
the ingestion of Taenia ova by them.

It is a remarkable fact that most of the case histories in British
literature have reference to infection in lodia and elsewhere in
the Orient, and nearly all refer to subjects who served in the Army
or Navy. [Reference arficles by MueArthur (1934), Dixon and
Smithers (1933), Dudley (1934), Dick (19456), Holmes (1854), Linde-
man and Lyburn (1935), Marsh (1934), Perry (1936), Bronghton-
Aleoek, Stephenson and Worster-Dronght (1928), Priest (1926), and
Roth (1926).]

The incidence of Tacniasis solivin is uot kvown in India and

China, but, according (o MacArvthur and others, it can only ocenr
among (he very lowest caste in India, and, as hos been mentioned,
aceording to Mills (1923 and 1924), Gear and Pedersen (1934) and
Feng (1934), the recorded ineidence of 7. soliwim is very low in
China. 1o our survey of the ineidenee of infeclion in pigs, 1t was
wlso recorded that, from abattoir observation, the ineidence of
orcine (', cellulosae was almost negligible in that country. In
South Africa, in many parts, the incidence of poreine vysticerensis
is very high.  Although we have wo data to prove our surmisal,
except the opinions of some medical observers, it is, nevertheless,
almost undeniable that Taenia solivm must bhe a very frequent
parasite among onr native popalation. [t is they, who generally
handle our food, and we are thus seriously exposed to a far more
dangerons infection than we would ordinarily acquire through the
eating of viable measly pork or heef.
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1t has been suggested by some writers (Vosgien, 1910-11) fhat
heredity may also he a factor of transmission of infection. This
fuctor we montioned in dealing with infestation of the pig wd the

bovine.

Volovatz (1902), according to Voesgien, ** in his highly docu-
weutary thesis draws atteniion to the fact that eysticerc: have heen
found in placentae; this might explain the arigin of this enfozoon
in new-horn infants *',

Breast-fed, suckling infants, however, must run the smallest
visk of infection, since their only diet ix their wothers” wilk.,  Heller
(1874), according to Vosgien, mentions, however, a cuse of a 6
months old child who had a eystieercns i the mesentery.  Vosgien
ulso quotes Virchow (1877) who found this larva in a 9 wonths old
child; Korewski (1877), who fouwd egsticeres in a breast-fed child
whose mother earried Taenia soliwm,

It would appear that in the majority of cases of humin cysticer-
cosis, the ouset of infection ocenrs between fhe ages of 200 (o 40
vears.  Itis, thus, usnally a disease of adults.  According {0 Vosgien,
out of a total of 478 cases observed, 206 oceurred between those
ages,  Dudley (1934) deseribed o vase of epilepsy in a sailor, and
hased his disngnosis of . cellulosae as being the cause ol the disabil-
ity on: Age of onset, 40 vears; place of origin, Chiua: infestalion
with an wdult Taenia solivm; plus X-Ray appearance of caleified
rysts,

Laocations of Cystieeret tn Man.

The brain is commonly held to be the most frequent site for
Cysticereus cellulosae in man, but this way merely be hecause
verebral symptoms, when they show themselves, are more marked
than muscular symptoms (Chizzola, 1933).  Similarly, MacArthur
(19:34) walaiu:a that ocular and orbital eysticercosis eanses outward
signs which -ean hardly be unobserved, whereas intramnscularly
they may exist for years withoul the putient or his associates
observing them. None of a large number of caleified cysts in the
arms and legs of a case deseribed by Chizzola, and demonstrated
ridliographically, was palpable.  This rather suggesis that eysticeret
nre usnally sifuated intrswuscularly, rather than subeutaneously.

MeCrae (1931) quotes Stiles, who compiled statisties of the
loeations of infections as follows: —

In 155 cases, the brain was involved 1o 117 cases: the muscles
in 342: the heart in 9; the subeutaneous tissues in 9 und the liver
in 2,

Vosgien found the predilection sites o man to be:—

Per Cent.
Eyes and adjoining struetures ... ., ... 46,

Brain aud Nervous System ... .. ... ... 40-9.
Skin and Cellular Tissues ... ... ... ... 632,
WEDROIEE oy =4 i I8 Tt i) TR ol - OV
Other organs .. ... ... a5 ader e gwn Tode YV
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Cystivercosis of the Museles, Skin and Inteacellular Tissues and
Other Organs : A Review of a few Recent Case Histories.

Priest (1926) wentions a case in which five years after enlistient
in the Avmy u private becanie sick, showing abdominal pains and
vomition. s liver was tound to he enlarged. Ile theu developed
puin and swelling in the eall muscles, which on examination were
fonnd to be podular. A few months later he had o fit 77, Ie
showed a chain ot nodules on the forebead and muscles.  There
wis no evidence of the patient huving harboured o tapeworm, <o that
he must have become infected (hrough ingestion of extraneous seu-
ments of ova,

Radinlogy huas been instrumental in the discovery of goite a
wwmber of cases of cysticercosis in man, espectally when ealeifind
eysts have heen lovated in the hmbs.  Capua (1932), hoaving detectoed
caleified €. collulosae in The musculature radioscopically, sugeested
that this method of diagnosis should be employed in all suspicious
cases,

Roth (1926) describes n case of cystivercosis in o wan 44 years
of age, a hairdresser. He complained of pains in the lefs knee-
joint, of five yeurs’ duration. Ior fen yenrs the patient had suffered
from epileptiform ** fits 7. He served in India from 1908 till 1911.
Rudiographs of the left knee were taken, which disclosed some 80
caleified eysts. It was then decided to take radiographs of the resi
of the body, and these showed caleifications in the extremities down
fo the aukles and wrists.  The pectoral muscles showed nuwmerous
cysts. Three hodies were seen to he lying in the pia wmater of the
brain,  Similar cases were deseribed by Gavazini (1934) and Casuccio
(1933).  Streignart (1933) demonstrated calcified cysticerer in the
museles of a peasant’s leg which was X-rayed for fractuve.  Dissem-
inated caletfied cysticerer were found in a case by Kremser (1934),
also by Grado (1935 ),and were demonstrated hy X-Ray. Brailstord
(1926) demonstrated cysticerei in the thigh of a patient radioscopi-
eally.  Chin (1935) deserilied thirteen ecases in Peking, which showed
nodules T oor fnmors under the skin, and were found fo be due
to (', rellulosar,

According 1o MacArthur (1934) cysts may he detected in the
muscles or subeutaneous tissues of any part of the body—the head
and the face, including the eyelids and lips, frunk aml linibs, but
rarely in the hands and feet. They are found more commonly in
the upper half of the body, net lhecause the parasites are more
numerons heve, hut hecause of the better cover afforded by the larger
masses of museles in the lower half. Among other nnusual loeations
of €. cellulosee is the mmmmary gland.  Such g case was deseribed
by Stumpf (1914).

In 26 cases of cysticercosis in the viscera and ** other organs '
mentioned by Vosgien, Cysticerei were found in the heart in 10 cases
glands in 6 ecases: digestive organs in 3 eoses: longs in 2 cases:
and in the mouth in 1 cuse,
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Cysticercosis of the Eyeball and its dnneaes.

Vosgien (1910-11) mentions 372 cases of ocular (or related)
oysticercosis out of 807 observations. OFf these cases:—

THe velia . 555 oo was affected 120 times.
The vitreous ... . . ... . o 12
Subeonjunctiva. .. 4 " 4,
Anterior Chamber .. ., 5 28 5
The ot ... vée S5 5 s 19 5
THAARIE col Lt s b - 5p - T
The erystalline .., » .
The COTREE es bow pon: 33 L g

Vosgien quotes Hirschberg (1892), who ** made a remarkable
ubservation, that the C'ysticercus apparently had a different predilec-
tion in various territories . ** It is difficult to explain ™', states
Hirschberg, ““ but the predilection of the Cystioercus in France is
for the conjunctiva, in England for the posterior chamber. and in
Northern Germany for the various parts in front ol the eyeball *'.
One wonders, however, whether coineidence may noft have been the
more important factor which caused Hirschberg to have made this
peculiar observation. Since von Graefe (1866) demonstrated the
|1resence of the Cysticercus in the vitreons humour, many cases have
Jgand placed on record, and it is a condition which is easily recog-
nized.

According to Burdon-Cooper (1921), three different species of
tapeworm larvae oceur in the eye, namely that of Taenia solium,
that of Taenia echinococeus and the Bothriocephaloid tapeworms.
bhut the first named is by far the most common,

It has been found possible to remave Cysticerci suceesstully in
eye affections. T'wo such cases were described by Gomes (1919), In
the one case the C'ysticercus was located in the anterior chamber, and
was removed without difficulty; the other was removed from the
vitreous chamber by incising the selerotic, the procedure being
guided hy ophihualmoscopic examination,

Pavia und Durando (1933) described a case of C. cellulosae which
developed behind the retina of the right eye in a woman, 31 years
old. The changes in the vision of the patient, as fhe cyst grew,
were traced by the authors.

Among some interesting cases recorded of Cysticercus of the
vitreous, mention may be made of a case deseribed h{ Schweinitz
and Wiener (1919). TIn this case the left eye was involved and was
blind five months before the patient came ander examination—
blurred vision being noted ten months previously. There were no
gross changes in the iris, but a few punctate deposits on Descemet's
membrane and a few spots on the anterior capsule of the lens. The
vitreous was cloudy with a few fixed vitreous opaeities. There was
a grey reflex in the upper and inner gquadrant, *“ and a large globular
mass in the ceuntral field of the vitreous, well in advance of the
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maculose rvegion; the outline of this was vegular, the border trans-
lucent and from the lower edge protruded a tubnlar extension, frans-
versely wrinkled, which terminated beyoud a constricted neck in u
head showing two bright dots—the position of the hooklets, Peri-
stultie movements anid movements of the head were very active al
times.”  The diagnosis of Cysticercns of the vitreous was readily
made.  The geveral examination of the patient revealed litile except
that the stools contained ova but no segments of the worm.  Opera-
tion was undertaken aml the cyst rvemoved, when i ruptured
promiptly.

Kress (1924) gives a most graphie aud interesting deseription
of the development of a Cysticercus in the vitreous, which oceurred
in 8 woman of 26.  In the author's own words it is summarized some-
what as follows. There was at the ounset, what seemed to be a
detachment of ihe vetina, which, under dilatation at a later date
proved to be a hluish-white eyst, which was of a perfeet spherical
shape and moved slowly in the vitreous, with movements of the
pulient’s head. This bluish-white eyst had, practically at all times,
an orange or orange-red halo at its periphery, shaling off somewhat
as o the colours of the spectrum.  Later the grevish-white head
and neck of the parasite put in an appearance, at ahout 5 o'clock
meridian 7, and this neck could change its shape and hecome thicker
throngh contraction, and it could hend ifself and twist on itself, and
gt times invaginate or probahly eontract within the cyst until prac-
tically nothing but a slit was seen at ils former site.  The activity
of the head and neek movements and of the suctorial and svout or
vostellum areas, us well as the undulating movement of the vesicle
proper, coulidl he seen ophthalmoscapically,  The eyve had to he
excised,  Casanovas (1933) described a case of atrophy of the bulb
of the eveball, as a result of intravcular eysticercosis,  Chica (1925)
reported a very similar case to that deseribed hy Kress. He re-
nitnded us that this was the third case he had seen in Buchurest.

According to Feng (1934), less than 20 cases of ocular evsti-
vercosis have been reported from China.  Rao (1933) recalls that
Wright of the Madras Ophthalmie Hospifal has found that 3 per
vent. to G per cent, of cases in that hospital had oculiar eysticercosis,
In consideration of this relatively high incidence of ocular cysticer-
rosis, 1t must reasonahly he presomed that the incidence of 7' solivm
wust also he relatively bigh in parts of Tndia

Cevotiral (Tystivercosis.

Cysticered cellulosae may he preseni in fhe hwman brain, and
also in other organs and the wmuseulature for many years before
clinieal disorders hecome manifest.  Althongh. in a case described
by Billello (1934), more than 1,000 cysticerei were present in the
cortex of the hrain and the foneth ventricle, hardly any symptoms
were present before death, and eysticercosis was mnot suspected.
Oeceasiomally records oceur of admission to hospilal for hieadache and
uniidentified fever, or for mvalgia or rhenmatic pains, ** bui these
latter ave usually of a degree so indefinite as not to impress the
patient’s memory.” (MacArthur, 1934.)
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In the brain, the Cpsticereus becontes  enelosed h)' u wall of
selerosed neurogha, correspouding o the ﬁlll’llll:\i capsule found in
extracraninl tissues.  Swall vound cells and o few plaspi cells are
present hetween the delimiting nenroghio and the surrounding tormal
brain tissue. ** Unless the parasites have invaded the brain in over-
whelwing nuwmbers, or have lodged m sone ||.||lut||nl]v responsive
centre, they viuse little nervons disturbance while in their velatively
llllll."-l'.l‘lll stuge, ulherwise it seviis llll]lllhhll.‘llt‘ that anyome lutl]tl
survive for years—as we koow (o be a fact—witlh 2000 eysticerer pre-
sent in the bhrain.” (MacAvthoe, 1934, Surronnding the dead and
disintegrating Cysticercus, the tissues undergo active degeneration
(MacArthur, 1934 ; Heilmann, 1932). MacArvthur believes that
Cysticerci while slive usually enjoy o relative tolevance on the part
of the host, tmt after their death they act as forpign irritants and
bring about the degenerafive changes.  The degenerating [issues may
b visible nronnd the Cystieercns as a discolonrad ring, according to
MucArthur, perhaps 3 o or thersahonts o depth, shading off info
the normal beain lissae.  Cysticeres may be presenl in the b or
i the body museles for muny years h(-!'rm- cerehral symptoms hecome
evident, MucArthur refers to cases vanging from six to eleven years,
and, according to MacArthur, when Lrain svmptoms develop, they
are subject to periads of exaverbation, followed by infervals of rela-
five ar absolute gyuietwde, and the character of the symptoms mway
yary so markedly that an individual patient seen at intervals hy
different observers has heen dingnosed as delusional insanity, dis-
seminated selevosis and cevebyal tumonr,  Such eases of cerehenl
eysticercosis simubiating clinieal aspects of brain tumours, were also
described by von Lehoezky (1933).  Antonow (1932) stated that young
Cysticered, lving at the tine of the host’s deaili, sre enclosed in w
thin capsule eomposed of an anter layer of granulation tiusse, von-
taining giant cells.  Around older Cysticerer, which have died, the
capsule is Ilm' amid hag in addition an inner ennuective Hissue lawr
giant eells heing here and not in the granulation layer. As a final
stage Antonow deseribed a single thick layer of hyuline connective
tissue, MacArthur has found that degeneration of human Cysticerci
celliulosae has ocenrred somewhut in the reverse order lrinn that
deseribed in fhe literature in vespeet of pig measles.  Tnstead of
degeneration conmencing aml progressing from (he vesicle, he has
noticed in some newly degenperatel exeised eysts that ealeification
commences in the seolex, aml the bladder, with its fluid rontents,
has vemained anclinnged.  The caleified seolex may lie “ guite free
in this.  Aecording to MacArthur the evst wall collapses after (his,
cansing esenpe ov shsorption of the fuid, and leaving merely the
solid caleified seolex.  Aecording to MacArthur ealeification of
vevehral Cysticeror tulkes many vears to oveny,  Te refers (o the case
nf one soldier who was operated on eleven vears nffer the onset of
“fits ', Several vysts removed from the eerebral cortex showed no
signs of ealeareons change, althongh the evsis in the muscles had
heen ealeified for three vears and some for five vears,

The Toeation of the parasites o homan cevebral eysticerensis
may bhe very variable.  According to Heilmaun (1932), Cysticeres
may be free in the veutricles, hlocking Mageudie's fornmen or the
Sylvian agueduet.  In one case Heilmann fonnd Monra’s foramen
oceluded.
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Of the wvervous manifestations, by far the wmost common is
epilepsy. The attacks may resemble those of petit wmal, or may
be Jacksonian in type, with, or without, loss of consviousness.
MacArthur has proved that Cysticerens cellulosae in the brain is a
frequent cause of epilepsy in British soldiers who have served in
India, Withiu about eighten months, just prior to 1934, MacArthur
met with sixty such cases at the Millbank Military Iospital. Dixon
aud Smithers (1935) mention that of 258 suspicious cases examined
at the Queen Alexandra Military Hospital, 79 have been proved to be
due to cysticercosis, and 40 were doubtful. Broughton-Aleock,
Stephenson and Worster-Drought (1928) deseribed a case of a young
soldier who had died, aged 28, after having served in India. VFor
several years after he enlisted, the patient suffered from epilepsy.
On post-mortem abont 100 eysts were found in the half-brain,

Dick (1936) deseribes a case of a man 50 years of age, who had
served in India 12 10 14 years ago. Between 1923 and 1933 he
was engaged in a shipyard. In 1993, he began {o suffer from
epileptiform seizures and was loter admited to an epileptic colony,
where he remained until he died after about o year. He was subject
to fits of depression, occasionally with confusion, and at one time
he had an outhurst of religious mania. Iu 1935, he began to suffer
from cerebral vomiting, which increased in frequency and a severe
and persistent headache developed over the sceipital regiou. After
death, autopsy showed numerous cysts in various parts of the brain.

Ramond (1933) deseribed a rather unusual ease in which a 35
years old woman showed symptoms of what appeared to be Jack-
sonian epilepsy, the cause of which remained obscure for some time.
Evenfually the cause was traced fo a multiple infection with Cysti-
cercus cellulosae, Flossbach (1932) mentions u case in a 43 years old
woman, who had tapeworm in 1912, Twenty years later she had
epileptiform couvulsions due to cerebral cysticercosis. Lindeman
and Lyburn (1935) had two cases of epilepsy in the British Army,
due to eysticercosis, and thev suggested severnl others. Similar
cases in the British Imdian Army were recorded Ly Holmes (1934)
and by Perry (1936),

MacArthur mentions that the epileptiform scizures may at first
be slight and incomplete, but after a year or so major seizures
in rapid sequence way succeed. Frequently the * fits 7 may com-
mence a long time after the presence of cysts are detected.

Other nervous derangements which may wanifest themselves
in cases of cerebral cysticercosis are acute encephalitis causing rapid
death, melancholia, acute mania, delusional insanity and dementia
praccox, A case of basilary and spinal meningitis due to €. cellu-
losne in a Gl years old patient, who had been under ohservation
for some months, was described by Guillain, Bertrand and Thurel
(1933).  Diagnosis was confirmed by post-mortem examination, A
similar case was reported hy Liesch and Patrassi (1934),

MacArthur suggests that in the established disease, when the
embryos have been ** walled off * there is no diagnostic help to be
gained from blood counts, but when the embryos are still active in
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the body, no doubt an ecosinophilia results, Presumably for the same
renson, the complement-fixation and skin tests—which are group
reactions—have not the high degree of success of the corresponding
fests in schistosomiasis, filariasis and hydatid disease.

Rizzo (1932) diagnosed a case of humann cerebral cysticercosis
during life, largely upon the finding of an eosinophilia in the
verebro—spinal  fluid, accompanied by @ negative Wassermaunn
renction—the case did not harhour the adult 7. solivm and infection
was confined to the central nervous systemn.

Fairley, according to MacArthur (1933), obtained a positive
complement fixation in 5 cases out of 9 tested.

“ Careful enquiries into the value of an eosinophilia, as suggest-
ing the presence of Cysticerct has shown that the blood-count is
not an entively relinble guide. During the acute stage of infection
with either Taenia ov Schistosoma, most persons develop an evident
sosinophilia.  The complement-fixation test has proved of value in
certain eases, but even this needs to be coufirmed by other tests.”
(Cawston, 1935.) In infections with the udult tapeworm, however,
Kawanishi (1932) found marked leucocytosis in four persons inten-
tionally infected with 7. solium per os. Eosinophilin was only 14
per cent. Neutrophiles showed an inerease and lymphocytes a
decrease.

As regards treatmient, luminal and the hromides are sometimes
helpful in controlling fits, but no medicinal treatment has as yet
hmr any enrative effect. MacArthur is of opinion that any drug
which might be found to be lethal to live Cysticerct may be equally
dumaging to the tissues of the host. On account of the usual large
number of cysts in the brain, surgical treatment connot be resorted
to,

Soame Recorps oF Humax CYSTICERCOSIS IN SoUTi AFRICA.

It will be noticed from the subjoined nuwber of case histories
supplied Ly various Mental Hospitals, that guite & number of cases
of  human  evsticercosis has been encounfered in South Africa.
Nevertheless, literature is singularly silent on the subject of eysti-
cercosis in humans in South Africa, and very little has heen pub-
lished in South African and Overseas journals by our met‘icﬂl
observers.

Cawston (1935) refers lo o case of the late Dr, Burry, in which
the brain of an adult native who had died after heing struck on the
head, had vevealed numerous Cysticercd, Apparently no ante-mortem
symptoms were observed by those who had come in contact with the
native.

Pirie and Ray (1920) showed s case of genernlized cyshivercosis
in a native. There was a great number of eysticerei in the muscles,
Loth of the trunk and the limbs, also in the diaphragm. There were
moderate numbers of eysticerei in the brain, the heart and over the
pleurae. There was no history of any illness in this native.
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Strachan (1926) described the bruin of a pative male aged 56
years. This native was picked up in the street in u delirious condi-
lion, with o temperature of 1019 1. Oun post-murtem examination
his brain was tound to be riddled with Cysticerci cellulosae. Strachan
mentioned that he had found four cases in two years, and deseribed
a second caze of a native with €. cellulosae in the heart, without
hrain lesions.,

Fischer (1929) recorded, in his paper on ** Autopsies on Native
Mine workers "', cases of Cysticercus cellulogae aceidently Tound in
the brains of three patients, who died of other diseuses. In two
cases a number of cysts the size of a pea was found on the surtace
of the frontal convolution; they could easily be squeezed out,
without leaving any visible damage to the brain substance. In the
third case a single Cysticercus was sitnated in the left lateral
ventricle,

Haspital Records.
Pretoria Mental Hospital.

The date of the nndermentioned case histories were very kindly
supplied by Dre. I. R, Vermooten, Assistant Physician Superinten-
dent. Dr. Vermooten was able to find the records of ouly ftive cases
between the years 1908 and 1934,

1. Male Native. Age 33: Admitted 4.8.16,

Diagnosis: Epilepsy.

Had epileptic fits since admission—put into bed after a succes-
ston of fits and remained ip o semi-comatose state for seven
days. Died 15.9.19.  Autopsy: Cysticerei  scattered
throughout the brain substance, Cysts in floor of the ven-

tricles. Cause of Death: Lobar pneunonia, aggravated by
Cysticerei found in the brain.

2, Female Furopean, M.B. Age 71; Admitted 10.7.18.

Diagnosis: Senile Dementia with Epilepsy.

She was demented and ehattered ineoherently, Suffered from
fits.

29.7.20: Has had 15 very severe fits during the last two days,
and is now only semi-conscious—muscles continue bwitehing
—condition eritical,

3.8.20: Continues to have seizures—only semi-conscious.

6.8.20: Died. Autopsy: Head—Calvaria shows very prominent
ridges laterally over the temples. Skull is soft and in parts
extremely thin, e.g. parietal eminences and just behind the
coronal suture.  Base of skull normal.  Dura Mater:
Thickening present.  Adhesions marked.  Lining shows
some congestion. Sub-dural spoce—contuins a large amount
of C.8.F. Pia-arachnoid—Wall marked opneity and milki-
ness.  Encephalon—As there are numerous cysts in_ the
hrain, no dissection has been made and the brain has been
yut in its entirety info 10 per cent, formalin to harden.

end only examined. Cause of death: Cysticercus ol the
brain,
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4. Female Kuropean, AP, admitted 20,12.19. Age 75.
Diagmosis: Senile Dementia,

She was demented aud very restless.  According to the case
sheets on 26th May, 1920, she hud u severe seizure, lasting
nearly five hours,

10.6.20: Patient has been lmvinf- frequent seizures during the
past few days and is gradually becoming weaker,

10,7.20: Died. Autopsy: Head—Calvaria much thickened.
Abuost } inel in froutal and oceipital regions.  Dhura mater
—Thickening very marked. Lining injected. Adhesions—
ves, to home.  Sub-dural space—Contains a large amonnt ol
C.8 1. Quite  abuormal. Piﬂ—amc:ﬁ.ﬂm’d—-(,)pa(]ue and
thickened. Separates fairly easilv from brain.  Fessels a{
Brain—Injected anil more evident than usaal. Swmall pateh
of atheroma in basilur avtery. Eucephalon—Weight 1,200
grms.  Weight of right hemisphere 485 grms,  Weight of
lett hemisphere 495 grms.  Over the surfuce of Loth hemi-
spheres and under the pia-arachnoid there are numerons
evsts containing a turbid fluid and varying in size from
about & fuch fo § ineh in diameter, The cysts are over the
left frontal vegion where there is guite a depression made
on the surface of the brain. They arve also numerous ou the
right parietal region.

Canse of Death: Cysticercus of the hrain,

4. Male Native, J.M. Age 65, Admitted S.10.21.

Diagnosis: Senile Dementia.

He is demented, unable to give un aceount of himself: speech
indistinet: very deuf.

15.12.21: He wenit into status epileptiens and had six fits,
Awlopsy : Cysticeree in large numbers sll over the hrain,
Ventricles, Cerebellum and Fourth Ventricle—Cysticerer
present.

Cause of Death: Cysticerce of the Brain.

O, Male Native. Age 356, Admitted 31.10.25,

Diagnosis: Cysticercus of hrain and symptomatic epilepsy. He
was dull, rarely spoke. Knew his nawme, hut could give
very litile further information abont himself. Paraplegia
of vight arn and leg.  Had innwmerable fits of a Jacksonian
type. Hemiplegia aggravated after fits. ew small eysts
in pectoralis major of left arm. Shortly before death he
was dull and demented.  Quite unable fo do anylhing for
himself, Died 26.7.30. Awtopsy: Both hemispheres of
corebrum covered with cysts: many of the eysts lie loosely
on the brain surtace. Several small evsis seattered through-
out pectoralis major and hiceps muscles.

Cause of Death: Cuysticercus cellulasare.,
Dy. Vermooten concludes: ** I have no doubt that if & post-
mortem had bheen done on all cases where the cause nf death was

ascribed 1o epilepsy, more cases of Cysticerens would have heen dis-
covered .
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Dr. . C. Watson, Physician Superintendent of the Bloemiou-
tein Mental Hospital, informs me (letter dated 4.2.47), that between
the years 1909 and 1914 he saw at least half a dozen cases of cerebral
cysticercosis in the Pretoria Mental Hospital.

Dr. ¥. D. Crosthwaite, Physician Superintendent of the Mental
Hospital, Potchefstroom, and formerly of the Medieal Staff of the
Pretoria Mental Hospital, very kindly supplied the following data
regarding Cysticerci in the brain in natives. Dr. Crosthwaite states
(letter dated 15.1.37) that what they were investigating was the iuci-
dence amongst natives, who were epileptic, of purasitic cysts in the
brain, and of the frequency amongst these natives of the cysts as a
cause of epilepsy-——the figures supplied, refer exclusively to natives
certified as mentally disordered (epilepsy with psychosis) in the
Mental Hospital, Pretoria,

Period: 1911-1918 —Number of Autopsies 288,

Of these 288 autopsies, 10 revealed the presence of cysts,
situated as follows: 9 in brain; | in the heart. Of these 10, 7 were
males, ¥ were women.

Of the 7 males, 4 had epilepsy, 2 were dementia praecox
(hebephrenia), 1 had syphilitic brain disease with eysticercr in the
heart. Of the three females, all were dementia praecox.

During the same period, 1911-1918, there were 334 deaths. Of
these 334 ﬁenths. 44 were epileptics.  Of the 44 epilepties, 34 were
autopsied, 29 being males and 5 females. No cysts were found in
the women's brains, but 4 of the men’s brains had Cysticerei. Couni-
ing the cases autopsied only, ie., 34, Cysticerer were found as the
exciting cause of t{:e epilepsy in 11-700 per cent. of the cases.

Potehefstroom Mental Institute.

Dr. Crosthwaite states (15.1.37) that during his five years at
Potehefstroom, two things have struck him; the very low death rate,
and the impossibility, almost, of getting permission to perform
autopsies, They hauve over 100 Europeans who are epileptics, but
ugilapsy amongst the fesble-minded (low grades, imbeciles auil
idiots) is of very common ocenrrence, and is due, when it oceurs, to
the imperfect development of the nervous system, and its general
{uqdeqlmcy and instubility, or to the presence of gross anatomical
esions,

Bloemfontein Mental Hospital,

Case History: Native Lucas Mpake.—Kindly supplied hy Dr.
. de la Bat, who attended the patient,

Native Male from Vereeniging. Age 55 years.  Admitted
6.6.36, died 16.6.36.

Cause of Death: ** Cysticerei of Tuenia solivm in brain,"
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Mental State on Admission : Restless and nnoaturally talkative.
Second day after admission le developed clonie spasms in-
volving musculature generally, Tle gradually became more
dazed and confused. Twitchings became more marked on
the right side, especially the facial museles.  Eyes became
fixed and staring.

Post-mortem showed numerous eysts scattered over the brain.
None observed in the skin. Eyes were not examined.

Pretoria General Hospital.

Dr. H. J, IMugo, Medical Superintendent, Pretorin Hospital,
records o ocase of Cysticereus cellulosae in a European male, 33 vears
of age, who was admitted to the General Hospital suffering from
voneussion, due to a fall under epileptic seizuwre.  The COysticere
were diagnosed hy X-Ray examination. This ease was admitted on

41.14.36,

CoNcLusIoN.,

Dr. Cawston of Durban is at least one authority who strongly
suggests that writers on this particular subject should stress the
importance that regulations should provide for the compulsory
autopsy on every deceased epileptie in South Africa. The fact that
Dr. Crosthwaite found in his limited observations Cysticerci were
the exciting cause of 11-7 per cent. of epileptic eases, sugpests that
a fairly high ineidence of human eysticercosis exists in Sonth Africu.
Dr. Crosthwaite's observations were confined to native cases, and,
althongh the incidence of this fatul condition musi be higher among
natives, there can be a grave suspicion that nnmerons Euoropean
epileptics may also be affected with cysticercosis,

All Europeans resident in conutries in which the incidence of
Cysticercus cellulosae is high in pigs, are in danger of contracting
. eellulosac through the interim adult 7. solivm stage in their own,
or somebody else's person, by direct or indireet contact with that
person.  The known incidence of C. cellulosae in pigs and 7', seliuwm
is said to be low in India, and in that country only the very lowest
caste handle or tonch pork, and wei relatively large nmnbers of
Britishers serving in that country have contracted, what might be
fermed a pitiable disease, through contact with but u percentage of
the Indian native population. Attention may he drawn, however, to
notes which appeared in the Zndian Veterinary Jowrnal 3, p. 52
(1926-27), in which it was estimated that the ineidence of €. cellu-
losae was 50 per cent. in Madras aud Coimbatore in pigs,

One should not appear to be an unwarrantahle alarmist, in com-
paring conditions in South Africa, with ifs much larger source of
wfection, namely a high percentage of porcine cysticercosis, a vor-
respondingly suspeeted high incidence of 7. solivm among natives,
and the fact that in approximately 100 per cent. of South African
households the preparation and cooking olf’ food is performed mainly
by natives, a large percentage of whom may he presnmed io be
potential 7. soliven carriers.
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PART VI,

The Eradication of Cysticercosis-Taeniasis.

A, THE NECESSITY rolt KRADICATION,

Two fuctors which demawd the eradication of eysticercosis are
economic and hywienic. In o conntry such as South Africa it s
essential that we should take the economic factor into serious consi-
deration.  The meat industry is hecoming more and more imporiant
in this country, and we are trying to compete on the overseas markels
with rivals, where the inecidence of (. bovis is vousiderably lower
than in South Africa, e.o., Australia, New Zealaud, Canada, United
States and the Argentine. Tn 1935, this factor was foreibly stressed
by Trvine-Swith in the danval Report of the Divectar of the Abattoir
nmf Livestacl Markats, .fn}i(mnmhmg.

“The Natal Agricaltural Union has forwavded a resolution to
the South African Agvicultuwral Union recommending that fhe
Government should introduee legislation to permit meal passed by
Government lospectors to enter Municipal areas without further
inspection.  All weat i<, at present, inspected under the national
standard ot meat inspection laid down by the Minister for Public
Health under the Public Health Act, by inspectors approved by the
Government, and for the protection of Public Healtl is re-inspected
on arrival in Iingland, and is also further re-inspected on introduc-
tion into any local authority’s area. In the event of measles being
found overseas, in Union of South Afrien meat on these re-inspec-
tions. which are essential, the South Afvican export frade would
receive a nasty jar. It is the responsibility of the farmer {o eradicate
measles.”  (Levine-Swmith, 1935.)

Tu the same rveport Colonel levine-South wrote further: - Tf
you want to achieve success in the meat trade, you will have to
eradicate measles. We had a recent example in Durban. Yonr
competitors will exploit the question of measly heef. The opposition
in the Argentine and overseas will at once say that you are feading
fhe housewife overseas with measly beef and (hey may get hold of
some measly beef and ruin your trade. This is an aspect which
should be seriously considered.”” Irvine-Smith also reminds his
Couneil that ehilling does not kill the €. bovis, therefore the pre-
sence of measles in export chilled beef is so mueh more undesirable.

It will be recalled that approximately 7,000 pigs are condemued
annually in the South African abatteirs from which statistics were
obtained. (See Tneidence Survey, Part T1.) Since mes asly pigs ave
usually totally condemmed, this meaos a dead loss to the pig breeder
or to the butcher of approximately £17,500 per annun, assuming
the round average dressed weight of pigs slaughtered af vur prineipal
abattoirs to be 120 Ih., and the average prir:e per 1h. dressed weight
paid by butehers or auctioneers to be Hd., and applying these
avernges throughout the TTnion,
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It is also estimated that nearly 7,000 bovines are annually tounid
to be measly at Union abattoirs, On the asswwiption that all these
bovines were to be condenmmed outvight, and that the average dressed
weight per hovine carcass was G600 b, sold at ao average price of
of 25s. per 100 Ib. for good wedium beef, this would mean a loss of
£52,500 per year to the beef industry. At this rate the total loss,
that is through €. cellulosae and €. boers wonld be £70,000 per
annum.

This loss is, however, reduced by the freezing of approximately
80 per vent. of measly beef carcasses (lightly infested) at six of the
principal abattoirs in the Union. Nevertheless, the average price
paid for this frozen beef at those abattoirs is approximately Lds. per
100 Ib., which represents a loss of aboat 10s. per 100 1b, on average
good medium carcasses, not considering the cost of applying the
freezing rentment imposed by some of our abattoirs, Despite this,
the fact fhat a large percentuge of onr measly heet is not condemped
outright, there is a considerable veduction in the salue of such
freated heef.

[t is obvious that the figures showing the nverage cost of measles
per annum to the meat industry, refer only to the losses inenrred at
approximately 65 Thuion abattoirs, from which incidence statistics
were obtained. Financially, however, it is doubted whether the toll
of measles is greater than the estimate of £70,000, since it can safely
be presumed that no statisties were kept at those abuttoirs not in-
cluded in onr lists in Part 11, or else dwy wonld reudily have been
supplied by the authorities of wany other towns, who were
approached. There are alsa many smaller places in the Union, where
cattle are slaughtered and consumed, hul no inspection of any kind
exists. Such cattle, thervefore, whether measly ur vot are consumed
by the wosuspecting public, and presumahbly top prices are paid—
henee, no economic loss in smwall townships in the remate yoral aress
and in Native Territories.

The hygienic necessity for the eradication of eysticercosis is
quite obvions, and has been fully diseussed in the previous parts of
this work, The fear of human iufection is perhaps the most impor-
tant and logical reason why in the larger centres, amd in fhose
smaller centres where proper meat inspection is earrisd out, efficiency
in duty has at least been instrumental in breaking the life-cyele of
those parasites which are found on meat inspection.

B. A Prax oF Erapieamos or Cysticercosis-TArNTasts

1. Co-aperation, bul not Enevocchment.

There should be ecloser co-operation in this imporiant aspect
between the members of the medical and veterinary professions, each
of whom should be independently vesponsihle for the destruction of
the life-cyele at the respective stage which falls within his provinee.

This can best be elucidated by the old saying ** Shoemaker stick
to your last.” In other words place the responsibility of destruction
of the adult tapeworm upon the medieal man, and that of the destruc-
tion of the bladderworm on the veterinavian. Close co-operation in

543



CYSTICERUOSIS IN SWINE AND BDOVINES.

this enmpaign need not gecessarily lead to the encroachment by either
profession ou to the province of the other. Ay the present time, in
South Africa in particular, there can be nu gainsaying the fuct that
in wany centres work which should purely bhe handled by veteri-
gurians is bemng done by medical officers of health. | refer here to
abattoir control, dairy coutrol and control of inspections of meat
emporiums, In South Africa there are at the present time ouly five
municipalities which ewploy full-time veterinary officers, whose
main duties are control of the respective abattoirs.  In all other
centres, including some of our bigger cities, the contiol of the
abattoir is exercised by superintendents who have, or have not the
certificate of the Royal Sanitary Institute in meat inspection, and
these officials, who have no power to condemn meat, must c-anrl the
medical officers of health, who in many cases know considerably less
about disensed meat than the meat inspectors. o most of the lnrger
centres where no veterinavians ave employed, highly capable meat
inspectors are employed, but most of these officers would preferably
serve under the guidance of u veterinary officer, espeeially in intri
cate cases in which diferential diagnosis involving cysticercosis is
concerned.  The urbian weat consnmer has the vight fo demand pro-
tection, and it should be made compulsory in all centres with a
European population of 7,500, that a qualificd town veterinary officer
be appointed, who in smaller or larger centres could have control of
the dairy inspection staff as well, Tt is not my intention to use this
article as propsganda for the prolession to which | have the honour
to belong, but in many of the smaller urban aveas (populations of
7.000) the mwain functions of the medical officers of |[mn}t.h are the
control of officials in charge of abattoirs and dairies, functions which
could, with greater safety to the public, be performed hy veteri-
narians. The position is not at all impracticable, and the fact that
at present there are not sufficient veterinarians to take over sueh
duties in all Union centres with populations of 7,500, does not mean
that o number of voung men will not take to the profession if suffi-
cient inducement could be given, In the writer's opinion, as already
stated, only co-operation between the medical and velerinary pro-
fessions will eventually eradicate cysticercosis-taeniasis, hence the
eradieation of the hladderworm should be the funciion of the scientist
best gualified for the purpose, viz., the veterinarian. Salaries of
municipal veterinarinus can he partly subsidised by Government,
whose bounden duty it is to sateguard the health of the urban dweller.
Thus, whilst eradication of the Cysticereus is the function of the
veterinarian, that of ZTaenia must be done by the physician, who
ghould be encouraged by legislation towards this important function,
1o obviate remarks such as those which Reitsma (1931) had occasion
to nuse in JTolland : ** We must not lose sight of the fuet that the
abject of the campaign against eysticercosis is the eradication of the
Taenia. Tt is o vemarkable Tact that although veterinary scientists
are paying o great deal of attention to cysticercosis, a stafe of
lethargie rest exists in the medical eamp as regards taeniasis, and
one can ohtain hardly any data regarding the disease either from the
State public health authorities, or from private practitioners. The
only facts the latter can state ave that they have large and extensive
practives, and once or twice a vear they may treat a patient for
tapeworm."’
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2. Mare Thorough Meat Inspection.

It has already been stated, in a previous Part of this article,
that we in South Africa possibly permit a larger range of inspection
incisions than is practised in most European countries. Neverthe-
less, even we can improve upon our technique. The present writer
suggests the following technique in respect of examination for (.
bowts i —

(@) Two long and parallel incisions into the masseters, on
both sides of the face, in an upward direelion, to com-
pletely sever the parotid gland below the ear.

(6) Two long incisions into the pterygoids, on each side,

() Numerous lougitudinal joeisions into  the wuscles of
attachment of the tongue.

(d) Careful manual palpation of the whole of the heart;
complete halving of the left ventricle; careful inspection
of the myocardinm,.

(¢) Caretul manual examination of the oesophagus.

(f) A transverse incision into the hump, after the carcass
has been eleft.

(g) Usual mspuumn of the viscera, without turther incisions,

(h) A vomplete incision into the Triceps brachi and Deltoideus
on each side.

(1) Une ineision into the Psoas muscles on each side,

(/) A deep incision into the Adduetor muscle about an inch
below and parallel to the symphysis pelvis,

(£) Tn the event of measles being found in any of the above
locations, then the secondary inecisions laid down by
Public Tealth Act must be made,

It is doubtful whether the technique can be mproved in respect
of the inspection of pigs for (. cellulosae.

3, Systematic Meat Lnspection at all Abattoirs and Slaughter Poles,

This snggestion is probably the most difficult tu put 1uto effact,
and may even be considered impracticable. Reference will be made
to the comments of the Town Clark of Barberton, who mentioned
that, whilst thorough iuspection was heing practised at Barberton,
certain smaller townships in the vicinity were permitting the slangh-
ter of bovines without any ineat inspection, to fhe detriment of the
Barberton stock-huyers. There is hardly a lavge or a small urban
urea in the Union, which is not faced with the same problems as
Barberton.

I do not wish to emphasize in a dogmatic way that the Depurt-
ment of Public Health should appoint Meat Iuspectors, who could
he stationed at the urban centres of these small townships, and ecould
from there do daily rounds of the slaughter poles of such small
surrounding tow nships, but the matter certainly warrants the investi-
gation of the Department. In many of these “small townships daily
slaughtering is not practised, and quite possibly such hvputhel:cal
inspectors could arlange for the slaughter days at the various small
townuships in their areas
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Such 1nspectors could either be paid hy Government, or else the
townships could be grouped and each group, subsidised by Govern-
ment, could be responsible for the salury of its weat inspector.  The
Meat Inspectors must be qualified, holding the Royal Sanitary
lustitute’s Meat and Other Foods Certificate.  The aim should be the
protection of all purchasers of meat, and the prohibition of untair
competition between dealers amil latohers in the townships where
no inspection exists, who slaughter weasly meat without fear or
seruple, and their less fortunate confréres in the more enlightened
wunicipality elose by, where up to date inspection is careied out.

An alternate suggestion way be to prohibit, w fote the sale
of meat in any area controlled by o Village Management Board,
Health Commitiee, or other form ot Loeal Government, npless the
weat had been slavghteved at o Public Abattoiv, where proper meat
inspection is practised,  The small townpships in the viciuily of
an urban aven would, therefore, he compelled to use meat slunghtered
at o central abattoir (situated in the higger town). The muin idea
ut the hack of sneh o sehewe, it may be repeated, should he to
safeguard, where possible, all purchasers of heef or pork from intec-
tion with taeninsis and b ensure that the anconseientinus stook-
vitiser has no outlet for the sale of his measly stock, and thus to
obviate the odious stute of affuirs mentioned by the Town Clerk
of Barberton. (See Paragraph 4.)

Some Municipalities, v.g. Woreester, Mossel Bay, Bueghervsdorp,
Clocolan, and to its uiter disgrace, the fairly large City of Bloew-
fontein, permit the slanghter of pigs on farms, and the sule of the
careasses on the loeal market. The carveasses must he hronght to the
abattoir for inspection, with (in the case of Bloemfontein) the pluck
atinched—stomach, iotestines and other viseera ave not produced.
In fairness to the Bloemfontein City Fathers, however, it must be
mentioned that (his wrrangement wos sulhorized by the Orange Free
State Administration many years ago, and despite the efforts to have
ifl reseinded by my colleague-predecessor wwl myself, it is still in
uaree.,

The renson why this was allowed is shvious—u Provivee exist-
ent on n purely farming industry naturally enconrnges that industry,
althongh the waore important aspect of Public Health is sadly over-
looked,  The results of this practice arve clearly reflected in our
observations at Bloamfontein.  In two years we have found that
2914 per cent, of pigs slaughtered at the abattoiv have been measly,
and yet, out of many hundreds of pigs slaughtered on the farms
and hrought to this abattoie for inspection, in three full years, my
inspectors and T have found only two measly (hoth very lightly
infected).  Pigs, as we have seen, are more commonly very heavily
infested, and obviously farmers do not bring to the abattoir for
inspection, pigs which they see are weasly, upon dressing.  They
have s ready sale for this measly ment to their natives, and a justi-
finhle nse for the lard for soap making. This statement is not made
on mere conjechare, hut is an actual admission of at least two farmers
who oeeasionally patronise us with a few pigs for iuspeetion,  Here
is an avomaly which can he fmmediately rectified hy legislation.
11 the serioms hygienic and ceonomic tmportance of the disease were
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to be brought home to them, oven the most ardent, and at times
almost fanatical legislators, who vigiluntly safeguard the interests
of the farmer, will vote approvingly for the compulsory slanghter
of all pigs intended for urban conswmption, at urban abattoirs.

1. The Prohibitiow of {nsurance Sehemes.—Loss must
be carvied by the farmer or producer.

In a number of our larger Union abattoirs bovine cysticercosis
is ineluded in iwsurance schemes.  Premivns are imposed on all
animals 10 be slanghtered and the farmer or butcher is quite indiffe-
rent as to whether or not his ox is condemned.  The direct result
uf these insurance funds is that the farmer does nothing to sufeguard
his cattle from infeetion, whereas it should be his compelled duty
to realize his obligations. What the farmer does not realize. how-
ever, as Monnig (1936) puts it, i that he after all, pays the insurance
preminm himself, and that abattoirs are not philanthropic institu-
tions which willingly, out of sympathy for the unfortunate furmer.
refund the price of the ox lost to him, without making him pay
extra for the nmny uninfected oxen which have passed inspection.

It is questionable whether such insurance schemes serve any
nseful purpose, and at several of our larger Union abattoies ( Bloem-
fontein, Port Elizalbeth and Capetown) they ave totally disconraged.
At others, e.g. Dorban, where an insurance fand is condueted, the
capitation fee is 3s. Gd. for cattle from Natal proper On the case of
Durban), but 9. 6d. for cattle from so-valled ** hlack ™' areas, as
Swaziland and the Natal native areas, where the infection is high.

In his Annual Report for the yvear ended 30th June 1935, the
Divector of Abattoirs, Livestock Murkets, Veterinary Services, lee
and Cold Storage Departments, Johanneshurg, refers (o consignments
of export ecattle from Natal, received at Johavuesbhurg, which
showed  infestation rates varving hetween 208 per cent. and
GO percent.  in thivieen  consignments  from  different  owners,
Colonel  Trvine-Smith adds: “ The ooly manner in which the
Council could assist in the eradication of measles in meat was
to decline to indemuify ecattle from proved sources of infestation.
With this object in view, it was decided that after 1st July, 1935,
uny owner forwarding a consignment of eattle for export confaining
measle infestation to the Johauneshurg Abattoir, would have measles
or bladderworm infestation excluded from bhis indemnification until
three subsequent consecutive consignments had heen received from
him free from infestation. The Director is of the opinion that when
mensle infestation is discovered in o consignment of cattle, the whole
consignment from that particular owner should he debarred from
export, otherwise subsidised measly beef from South Afriea will
eventually be found on arrival in England 7.

_ In considering this question from all points of view, the conclu-
sion come to is that insurance schemes which include indemnifieation
against measles, are definitely not in the interest of (he country,
and those of us whose calling assists towards the eradication of the
menace of measles, should collectively press for legislation forbidding
the inclusion of measles disease in abattoir insurance schemes.
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As has been expressed, the farmer unwittingly pays an excessive
slaughter fee (including his insurance capitation fee), which is quite
needless, but he is perfecily satisfied as long as the payment of this
capitation fee leads 1o his recovery of the price of any of his stock
which may he condemned.

The practice at most abattoirs, where no insurance schemes are
in vogue, iz that loss through condemuation of carcasses for measler
in bovines is borne entively by the butchers, and not by the producers.
In some cases butchers buy slanghter cattle from farmers out of hand.
or at auction sales, and these cattla, if 10 good condition, may find
themselves at the abattoir within a few days. In other cases butchers
place nearly all their bovine purchases on stock Farms, and they
are withdrawn from time to time as the butchers’ requirements
dictate. Often, thevefore, such slanghter hovines may run for several
months on the buteher’s own farm, among his reserve slanghter
stock, in which ecase, after eventual slaughter and ineasles being
found, the butcher will have difficulty in establishing scientific
proof of the age and origin of infection. In those cases, however,
in which bovines are slaughiered imwmediately, or within o few
weeks of purchase, the hutchers should have n ** elear case ™', in the
event of measles infestation being found, Meuasles disease is, and
should in every case be considered by buyers themselves, a lutent
defeet, if found in stock slanghtered within a reasonable time after
purchase, In this respect butchers can assist towards the eradi-
cation of measles, if they would all decline to pay farmers for such
infected purchuses.  TUufortunately competitive bnyers have spoiled
the producers, with the result that at some places the butehers who
insist on a measles-free guarantee from formers ave frequently
ousted by their more generous competitors. This fact 15 very much
in evidence in Bloemfontein, with the result that nearly all loval
hutchers will suffer the loss of a purchase through measles, rather
than provoke the displeasure of their sellers, who would immediately
supply their rivals with stoek, to their exclusion, should a refusal
to pay for condemned measly cattle have oceurred.

A similar state of affairs is related by the Town Clerk of Barber-
fon, whose most interesting memorandum, dated 27.010.36, and the
very useful suggestions it containg may be mentioned almost
verbatim ; —

1t is fair fo state that in ruval centres, such as Subie, Noord-
kaap, Sheba, Eureka, Louwscreek, Hectorspruit, Kowmatipoort,
Kaapsche Hoop and Nelshoogte, auimals are slaughtered in abattoirs
where no post-mortem examinations are made,  In these rural contres
}vhere. slanghtering is enrvied on, not under the exigencies of meat
inspection, the ]l;er:.ienluge of hovines infested with this parasite
must be just as high as is found in the Barberton Municipal Area
(Le. ubout 5-31 per cent.), as only a negligible wmount of stock
is local, the greater proportion being bought in the districts where
this slaughtering takes pluce, This being the case it seems that
condemning a earcass infested with measles in the Municipal Ahat-
toirs is a needless procedure in eradicating either measles in cattle
or tapeworm in man. It certainly protects the urban residents from
confracting the parasite and as sueh renders these people safe,
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ouc still the incidence in eatile is on the increase; this is due to
the lack of systematic uniform inspection of meat at all sluughter
poles.  On several oecasions this situation has been discussed by the
hutehers and our Health Committee, and it appears that if the
butchers wish to oblain recompense for Josses suffered from the
larmer or stock owner, in practically every instance he is told °if
you do not wish to buy my stock without making me responsible
for your losses | shall simply sell to other huyers in areas where
no inspections are carried ont.  They never suffer losses

In one instance of * X 7, a most progressive attitnde was adopted.
He made himself responsible for hall the loss the huyer of his stock
had suffered, and immediately had all the natives on his estate
examined for evidence of being the wowilling host of the tapeworm,
Within a short time twenty were found to be harbouring this para-
site.  Thereupon he made a strict rule that all infested natives
employed by him had to be suceessfully treated to remove the entire
tapeworm, and furthermore that every new native hired by him
had to submit to an examination. Any native breaking this rule
wonld be dismissed from his service. This appears to be a very
good measure for dealing with the problem and were all ranch
owners, cattle hreeders and farmers equally progressive and willing
to help in the eradication of the parasite, the whole position would
he materially improved.

As it is, legislation to enforee this resnlt would have to he
passed in such a manner that a high infestation of measles in the
atock of any particular owner would reflect materially on that partie-
ular individual. If an owner were careless about sanitary measures,
careless whether his catfle becume infested or not, and did not feel
the loss in any way, when on post-mortem examination they were
found to be infested, and legislation were passed that he stands the
loss when a bovine is condammed, much would have Dheen done to
ameliorate the position, It is suggested that mensures he taken to
improve sanitary conditions on his farm, free the hosts of their
I.mrusilwr- and examine every new employee, The farmer should be
wought to realize his responsibility in the matter and a/l inswrance
sehemes should be abolished.  1n Barberton, as pointed out, the
farmer, by veason of his many markets refuses to recognize his
responsibility and the butcher, who must have stock, has to hear the
loss himself, and only a few miles away his competitors buy and
slaughter without thought as to infestation and with no fear as to
monetary loss."

These rewarks by the Town Clerk of Barberton embody several
of the suggestions made in previous paragraphs, bui, in order to
use his memorandum in a concise form, without referring to extracts
here and there, the memorandum has purposely, as it is, heen
embodied at this stage of oy discussion.

5. Avoidance of all possible sources of contact of the susceptible
animals with hwman dejecta,

Pigs should he kept in sites, and on no account must they be
permitted to roam about the farmyard,
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Suitable latrines or privies should be constructed om all farms
for the use of Europeans, and separate latrines for natives. The
latter may be constructed eclose to natives” quarters. Meal inspec-
tion, alone, will never successfully eradicate faeniasis, if we do not
safeguard infection of our meat aunimals with Taenia eggs. Our
primitive Europeans and our native population must e educated in
the first principles of hygiene. This campaign may be difficult, but
the obstacles are not insurmountuble,

What would appear to be guite a practical suggestion, is the
fencing off of strips of veld, within which natives may defaecate.
Such narrow fenced strips, with narrow inlets, so that cattle cannot
enter them, can be provided on various parts of the farm, especially
close to such parts where the farm labour is most frequently
required, and also in grazing camps for the herd-boys, ete. Such
fenced surface latrines may not, however, overcome the possible
spread of Taenta ova by such agencies as water, insects (dungbeetles,
blowflies, ete.), birds, ete. The provision, therefore, of trench
latrines, and the enforcement of the immediate covering up of the
deposited exeretum by the native may thus bhe more effective,
although it may be a trifle more costly in money and labour. Covered
bucket latrines arve, undoubtedly the most effective.

On no account should slaughter bovines be grazed on lands
fertilized by human excretum, sewage farms, efc., and the use of
fodder (e.g. lucerne, ete.) grown on such lands must be entirely dis-
couraged.

The Native Affairs Department, through its Extension Officers,
can by lectures fo tribes, assist towards the eradication of the
parasife.

It is astouishing how little the general public knows of Lhe life-
history of the parasite. Our campaign must, therefore, be directed
at the rural source of the disease, All three Departments interested,
namely Agriculture, Native Affairs and Public Health, can collec-
tively assist in the eradication of the parasite. The Department of
Agrieulture can take more serious notice of the scourge by encou-
raging or instructing its Veterinary Officers, Stock Tnspectors and
Extension Officers to lecture groups of farmers on elementary farm
hygiene, I{ Extension Officers und Stock Inspectors have no scien-
tific knowledge of Cysticercosis-taeniasis, this can soon be taught to
them, by brief courses ot Onderstepoort, or by arrangement, at most
of the principal abattoirs where quulified veterinury surgeons are
employed,  Armed thus with Departmental Pamphlet-Bulletins, the
officers of the Department of Agrieulture can disseminate the neces-
sary knowledge to groups of farmers” meetings, where these hulletins
in both official languages can be distributed.  Our farmers will then
receive sufficient enlightenment to attack the parasite by means of
the most primary weapon, that of farm hygiene, hygienie prophylaxis
and the means of maintaining this prophylaxis,

Similarly Extension Officers of the Department of Native Afairs
and Sanitary Inspectors, seconded for service in native areas, may
deliver lectures in Native Reserves. Enlightenment of all concerned
is what is most urgently required, and the writer has, in the course
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of his former Government velerimary .Iutu-s. olten e‘qwrw:wed thit
Nutive Chiefs ave ever ready to co-operate in campaigns coneerning
the bealth of their live stock—their only real token of wealth or
possessions. (Good work, through enlightenment, has been accom-
plished by co-operation of native tribes in other veterinary campaigns
in this country, e.g.. the campaigns against Bast Coast fever, Seah
and Anthrax, and if we did not have the whole-hearted co-operation
of our native co-dwellers on our borders, we would not have effectively
stumped out the few outbreaks of IFoot aud Mouth Disease which
occurred, or prevented its further entry into the Union, in a remark-
ably short space of time, during 1933, This may all sound idealistic,
but many of our present-day Native Chiefs are quite intelligent, and
if instructed to do so, they may be trusted fo enforce strict hygienic
sanitary laws among their pmplc- The trouble is that they have
never yet, as a plan of campaign, been requested to do sn, nor has
the necessity for the enforcement of tribal latvine arrangements been
brought home to them. The present writer considers that this is an
experiment well worthy of a trial.

G. Free medical treatment of Tacnia careiers.—RKewards for
Production of Taeniae by sueh carriers.

The enlightenment of our farmivg and native populations should
next be followed by free medical treatment, Liquid extract of male
fern, or whatever vermifuge the Punblic Health Department may
recommend should be available for all Taenia carriers, whether on
farms, native reserves, or in towns, Magistrates, Distvict Surgeries
or Dispensaries, Justices of the Peace in rural areas, or Native Chiefs
should be provided with quantities of the drugs required, and careful
directions for use may be given to those who have to dispense the
drugs and may have no knowledge of therapeutics. 1f the campaign
were to end with the free treatment of Taenia subjects, these must
be told that evacuated Taeniae, segments, ete., must he burmed or
buried, but must not be discarded where live stock can come in con-
tact with the dejecta.

Tustead of ending the campmign with the free treatment of
known carriers, it might be more advisuble to encourage, in some
form or other, this free treatment, In Australia and in Germany
(in Wurtemburg, and lately throughont the country) rewards have
been offered for the production of every tapeworm or piece with the
head. In this connection, Dr. Heinrich Wagemann of Flensburg,
writes (letter dated 22nd November, 1836): ** Tor every tapeworm
ar piece with the head, which is sent to the physician of the Govern-
ment [Tealth Department, the tapeworm carrier is paid 10 R.AL
Only by these measures, T think, we shall he able to fight measles,
and we hope that these measures, even after a considerable period of
campuigning, will ultimately eradicate measles in cattle altogether ™

It is possible that such a campaign may cost a considerable
amount of money, if applied in South Africa, but, in consideration
of public health aund the loss to the meat industry locally, as well
as to the menace to our potential chilled beef overseas market, it
may well warrant the offer of small rewards fo all those, Furopean
or native, who produce either the complete Trenia or portions includ-
ing the head. Perhaps free treatment. plus 2s. 6d. for each head
may be a big incentive to our poorer Europeans aud natives to rid
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themselves of their health-destroying guests. Rewards have been
offered by the Government for the production of evidence of destruc-
tiou of other vermin, e.g., the brushes of jackals, und it is quite
possible that the economic loss from these marauders has been less
than that caused by the tapeworm carrier.

It may be interesting to relate that Hall (1927) wrote: ** As one
by-produet of that work, it might be wentioned that following the
hookworm campaign of treatment and sanitation in Panama, the
incidence of €. cellulosae in swine at the Panama City abattoir
dropped from 15 per cent, to 5 per cent., according to the inspeetor,
Dr. Mattatall.  This 10 per cent. veduetion in condemnations
vesulted in an anoual saving of 40,000,000 dollars, a very valuable
hy-product of o hookwaorm eampaien.”’

A campaign directed aguinst the fopeworm in South Atvien, and
not necessarily the hy-product of some other helminthic campaign,
may, in a few years, show a remarkable economic result.

In Switzerland in 1917, and in Germany quite recently, attemprs
have been made to trace o Taemia carvier through infection found
ina bovine eareass af the abattoir., The ovigin of the inlected hovine
is traced.  In this connection Dr, Wagemann (Flenshurg) writes
(22.11.86) : ** Since August, in Germauy, we also seavch for the
tapeworm carrier, Thus, when measles disease is found, the Police
trace back the origin of the animal. 1t is sometimes found that the
owner of the anitmal, or o member of his household is a tapeworm
carrier. In case such o person is found, he is compelled to have
himself treated by a physician.”” In South Africa the tracing of o
tapeworm carrier, in this way, may be impossible, owing to our
large areas and the fact thal frequently the origin of a bovine cannol
bhe traced, since hefore slanghter it might have changed hands
several times. The tracing of the origin of a Taenia solinm carvier
may be more practicable, except in measly pigs forwarded by specu-
lators, since pigs delivered at abattoirs are frequently reared by the
CONSIENOTS.

In coneclusion, it is of value to ingert here a translation of Forms
“A" and B, at present used in Germany in connection with
that country’s campaign against Cysticercosis-taeniasis.

Direction of Abattoir, or Form AL
Veterinary Meat Inspector

(name)

Plabsc.ssvisiinecr o R 111, e
To the Sanitary Polica I0...ccimsirrimimioseeion o LY e A Al
F6r SRRTERRRRTON $i o o TG S TN 2 Ve b S 7% i3 +

(name and address of owner of animal)
Ke: Information regarding Measles in Cattle.
F'rom the consignment of.

(hovine or calf)
from the butcher.................. e e T -, e ) 193...
(address)

which was slaughtered and was diagnosed to be measly on
examiation.
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The beef measle is the intermediute stage of the development
of a humwan tapeworm. The finding of measles in an ox appears to
prove that a tapeworm must exist in a human being in the particular
part from which the animal comes from. It is essential that investi-
gation should be made whether the owner or one of his fumily, or
somebody in his employ is infected with a tapeworm. The symptoms
are: constipation, gastrie derangeément, loss of appetite, temporary
Listlessuess, constipation followed by diarthoea, and the finding ol
segments of tapeworm in the exeretum,  Accordingly, you arve re-
quested to see that the tapeworm ecarvier submits him/herselt to
medical treatment.  For every fapeworm, or pact with AFEAD
attoched, found as the rvesult of medical freatment, and forwarded
to the Health Department, Veterinary Division, 82/84 Unter den
Kichen, Berlin, preserved in spirits, with the attached form B com-
pleted, the tapeworm earvier will be puid 10 RoML (ten Reichsmarks)
reward by the Government,

(Signature of (he Abattoir Director/or
Yeterinory Meat Tnspector.)

Fors B.

Ta be filled in by the Plysician.
| 2 7 R AN SR Ay Ditec s
District........ sty st R BN AR A

IXFORMATION REGARDING FINDING 0oF A TAPEWORM,.

According to the attached information from,......coooveiinins
the Abattoir Direction
Veterinary Meat Lnspector
A g N 5 0 Fe b Ra s i o e s s IR s s saasuavcisninig & YR
T Slim) has DETEOIE. .o iivrrrrvweriias s AR TS F RV ¥ S

(ownier of animul)
D s an s dislon b s S bR ek i eeeJfoond o tapeworm, and

I o sending this in spivits, with head attached.

“Exemining Physician,
To the Government Health Department,
Veterinary Division,
82/84 Unter den Eichen,
Berlin-Dahlen.

EPILOCUE.

1. From vecords obtained from the Large majority of abattoirs in
South Afriea, it was eleaned that the incidence of €, eellulvsac in
pigs varies etween a fraction of a percentage and 25 per vent, These
percentages represent averages varyving from one year’s to ten years’
observations.,
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From only three Union abattoirs were percentages of less than
1 obtained. Average percentages ol O, or over, were obtained from
no fewer than 24 Union abattoirs, and of this number 7 returned
percentages in excess of 10. A definite ** black ** zone is traceable
on the map of the Union, extending from Vryburg and Mafeking
in the North-West to Nelspruit in the North-East, passing through
the whole of the cenfral Transvaal, via Lichtenburg. Potchefstroon,
Rustenburg, Pretoria, Witbank and Middelburg. A similar * black "’
zone is traceable along the whole of the eastern horder of the Orange
Free State (bordering on Basutoland), and this includes the areas
which supply the abatioirs at Wepener, Clocolan, Ficksburg, Senekal
and Bethlehem. In the Cape Eastern area heavy infection was ulso
found at three abattoirs, Fort Beaufort, Kingwilliamstown and East
London, which probably deaw pigs from the Transkeian Territories.

The incidence of . bovis is mueh lower than that of €. cellulosae
in South Africa. IFrom 18 abaltoirs were percentages of less than |
obtained, From only 9 abattoirs were avernge percentages of O or
more obtained. The highest percentage infections were obtained
from the far Bastern Transvanl (bordering on Swaziland), that is
Barberton, from those Natal abuttoirs which draw a large amount of
slaughter bovines from Zululand, and from the four Cape Eastern
abattoirs, East London, Kingwilliamstown, IFort Beaufort and Port
Elizabeth.

~In general it would appear that there is a slight decrease in the
incidence of €. cellulosae in the Union of South Afriea, bul a decided
inerease in that of €. bowis, during the last few years,

2. O. eellulosae infestation in South Africa usunlly sssumes a
very heavy, generalized nature. Approximately 5:1 may be taken
as a fairly indicative ratio of heavy infestation fo light infestation,

In the case of €. bovis infestation, the veverse is the case.

3. On account of the usual heavy infestalion in pigs, 1l is not
customary to deseribe definite predilection sites, but in bovine infes-
tation it must be stressed that the muscles of the hind guarters, in
addition to the common ** predilection ™ sites found by workers in
Burope, are very frequent locatious of infection. The hind limbs
are uot incised in measles inspection, and it is reconumended that
attention should be drawn to this important predilection site.  In-
cisions can be made deeply into the adducior muscles, parallel fo
and just below the pelvie symphysis, without mutilating the quarter.
The hump is another important site of infection, and regulations
should provide for the ineising of this area,

4. Thorough inspection technique is seriously advocated. At
Bloemfontein it was found that thorough mspection, coupled with
lon‘f_ and deep incisions into the prescribed sites, was rewarded by the
finding of four times as many measly carcasses, comparved with the
figures recorded prior to the adoption of our technique, that is before
my Senior Inspector and [ assumed office, simultuneonsly, at this
abattoir.
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9. In South Africa, it would appear that the origin of infection
in the pig is the same as in almost all other countries, in which a
fairly high incidence of C. cellulosae still ocenrs.  Un primitive
furms and in native locations it is customary to allow pigs to wander
about the farmyard, or in the vicinity of human habitation. On
many such farms and Native Reserves the most primitive hygieniv
arrangements exist. The pig, under such conditions, readily acts
us a scavenger and becomes heavily infested.

It has been observed that the incidence of (. bovis is higher
during, or just after, periods of drought, when there is little grazing
on the veld, and when, consequently, bovines tend to remain near
human habitations. The ineidence of infection is least among cattle
drawn from vast ranges, Streams play a small part in the dissemi-
nation of 7. saginata ova in South Africa. Stagnant pools in rivers
used as watering ]:lacei for cattle, may be suspected as potential
{:mnts of danger. Sewage contamination of grazing lands has not

een observed as a serious source of infeection in this country, and
actual records sue ‘b as those from Germany, Holland and Australia
are not available in South Africa.

G. Actual viability tests were performed during twelve months
by myself and my staff at the Bloemfontein abattoir, and the results
obtained varied very slightly from those obtained by workers in
Europe, bul differed greatly from the extremely negative results
obtained by Anuwie Porier, who was the only South African worker
who had previously attempted such viability tests,

The rvesults of our tests showed thai ', cellulosae can survive
the death of its host, and evaginate its scolex (tested hy Keller's
method) by at least 41 days, under ordinary chilling room conditions.
(. cellulosae may, in exceptional cases survive four days’ continuous
freaﬁ)lug at approximately - 109 C., in a shoulder of pork weighing
15 1b,

Similarly, in an exceptional case it was proved that C'. bowis,
subjected fo 5 days’ continuous frevzmg in a side of beef “mghnw
288 1b. was still capable of evaginating its scolex by Keller's method.

In no ecase was it found that €. eellulosae survived a period in
exvess of four days' freezing, ov C. hovis in excess of five days
freezing.

7. Judging from personal information obtained from various
medical observers, there is sufficient evidence to presume that both
species of tapeworm are relatively common among our native popu-
lation, and not at all rare in Europeaus in South Afriea, especially
in rural areas.

Furthermore, Dr. van Coller, working in South Africa found
that a large percentage of cases of psychosis were due to fapeworm
infection.

Comparatively large numbers of cases of epilepsy in humans
have heen found, on post-mortem examination to have been due to
. eellulosae in the brain, etc. Dr. Cawston of Durban asks that
compulsory autopsies should be held on all deceased epileptics.
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8. Cysticercosis 1 swine and bovines is o costly seourge to the
agricultural industry of South Africa, and toeniasis is o sertous and
disgusting infection in its population. Together, the two diseases
caused by two stages of a common parasite should receive the full
and collective attention of the veterinary and medical professions,
Ultimate eradication is nof 1mpossibhle although many yeurs of costly
campaigning may be entailed. The economic and hygienic resulls
expected from such a campaigu warrant the assistance of the State.

Cysticercosis-taeniasis can he eradieated by :—

(a) Close wo-operation between the veterinary and medical
professions,

(h) Closer inspection of swine sud bovine carensses ut abattoirs
in the lavger urban areas, with, possibly, veterinary con-
trol in towns with more than 7,500 Luropeans,

(¢) Compulsory meat inspection at all other slaughter Pmlus,
by qualified meat inspectors.  These slaughter poles to
be grouped and the inspector stationed in the central
urban ares must control its inspections. Butehers in
small villuges, where no inspection exists must nol un-
fairly compete with their mﬁvugues in the larger urban
arveas, who suffer losses from condemnation.  The farmer
niust have absolutely no loophole for the sule of his neasly
sloek, without suffering the loss,

() Fducation of Furopeans and natives in elementary
hygiene, embodying studies of the life-histories of the
two parasites, The assistance of extension officers, stock
inspectors and sanifary inspectors ean he obtained, to
further this elementary teaching.

(¢) The abolition of all insarance schemes, which inchuae
indemnification for measles, at abatinirs. These tnsuranee
schomes, which serve no useful purpose, have the effect
that the careless farmer shows nn apprecintion of his
responsihility for safeguarding his stock from infection.

(fy The compulsory slaughter of all pig carcusses intended
for sale on urban markets, at arban n'iram.tnim. The custom
af many unconscientious formers who dispose of pig ear-
casses they bave noticed on dressing to be measly, to their
unfortunate natives, is very strongly deprecated.

(i) Free treatment of Zuenra carviers, and the offer of rewards
to all such treated carviers for the production of either an
entire tapeworm, or a portion with its head attached.
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