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ABSTRACT OF THESI1S

Studies on the Develoment and
Migration of FMarasitio Nematodes,

by
XCCO M‘ nvDQ.
Department of Parmsitolegy,
London School of Hygiene and Tropiecal Medicine,

The thesis is dhth«i into two parts, The first part is concerned
with the develomment and migration of Irichesamolides crassicauds
(Bellingham, 1840), & common nsmatode parasite of the urinary bladder
of ruts, The stages in the develomment of the egg and the experimentsal
data regarding the hatohing in warious solutions are given, The
morphology of the larvas, their migration in the host and the presence
of a stylet in the adult worms are desoribed, The inoidence of
Irichosamoides eressiocauds and fts rulationship to the presence of
muo0id oaloull in the dladder are disocussed,

Part II describes an atteppt to determine ths walidity of the
theary of retrofestion and auto-infeotion of Enterobius vermicularis
(loach, 1853). Details of various nmethods used for cbserving the
developmant and hatohing cut of the eggs of Enterobius vermisularis
are given,

Owing te difficulties experienced in obtaining an adequate emount
of material of E. vermiscularis, it was decided to determine whether
retrofection and auto-infestion ocour in & cleosely allied oxyurid
Aspleuluris tetraptere (Nitzech, 1621) of mice. The results of



obserwations on the develoment and hatching of eggs in various
sclutions are given, The bionomics of the larwae are desoribed,

It was found that the eggs ocould hatch out on moist cotton-wool swab
in the aml opening of & human volunteer and the anal region of mioe.
Infective eggzs were &pplied in the anal region of clean nmice which
were Limobilised in spevinlly designed cages to prevent their turning,
On exanination after a few days, adolescent forms were obtained in
the colon in four cases. Experiments are now being continued to find
out vhether mature forms will develop a8 & result of retrofection.
The theory of intermal auto-infestion is discussed tn the light of
our own experiments and the date in the literature,
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ABSTRACT OF THESIS,

STUDIES ON THE DEVELOPMENT AND
NIORATION OF PARASITIC NEMATODES

by

K.C. M. NODO.
Department of farasitology,
London Saliool of Hygiens and Troploal Medicine,

The thesis is divided into two parte, The first part is
oconoerned with the devsloment and migretion of Irichosomoides
oressioauds (Bellinghsm, 18,0), & common nemntods parasite of the
urioary bladder of ratse The stages in the development of the
eggz snd the experimentnl data regarding the hatohing in various
solutions are ;ivene The morphology of the larwes, their
nigration in the host and the presence of a stylet in the adult
worms are deseribed. The incidence of Trichosamoides crmssicauda
and 1ts relationship to the prosence df mucolid onloull in the

bladder are discussed,

Part two desoribes sn attempt to determine the walidity
of theory of retrofsction snd auto-infection in Enterobius
vermioularis (lLinnaeus, 1758) leach, 1853, The resulss of

observations on the deweloment and hatohing of the eggs of

Entercbius vermicularis in various solutions are given,




Owing to difficulties experienced in obtaining an adequate

amount of material of lnterobius vermiocularis, it was deoided

to determing whethsr rotrofection and auto-infeetion oococur in s

closely allied oxyurid Asplouluris tetrepters (Nitssch, 1821) of

micee Letails of various methods used for observing the develop~
mnent and hatohing ocut of the eggs of Asplouluris tetra are
givens The bionmmics of the larwee are described, It was found
that the eggs oould hatoh out on moist cotton wool swub, in the
anal opening of a human volunteer and the anel region of mice,
Infeative ozgs were applied in the anul region of clean mioce

which were immobilised in speoially designed ocages to prevent
their turning. (n examination after a few days, adolescent forms
were obtained in the colom in four ocases, After 30 to 3, days,
oggs of Aspiouluris tetrapters were found in the faecass of three
experimental micees On autopsy, both femnle and male adult wurms
were found in the colon of the experimental mice, The experiments
prove that retrofection oan ooour in the mouse Oxyurid, Aspiouluris
tetrapteras The theory of intermal auto-infection is discussed

in the light of our own experimonts and the data in the literstures



S SCTION 1e

STUDIKS ON T DEVELOPM'NT AND MIGRATION
OF TAICHOUUIDES CRALSTICAUDA (BELLINGHAN )

INTRODUCT 10N,

Irichosanoides crassicsuda is & oomaon nematode of the urinary

bladder of rats and waas desoribed by Bellin ham in 18,0, Fberth
(1863 ) desoribed the morphology of the dorsal, ventral and lateral
cords and the position of tho fermle yenital opening, Yalter (1u66)
found this worm harboured in ruocoid ocaloull in the urinmary bladder
and described the mals worm parasitizing the uterus of the femals,
Von linstow '187,) oarefully described the adult morphology and
sugsested that the in;ested ebryos uight bore into the wall of the
digestive tract and make their way to the pelvis of the kidney,

This mi;ht ooour by the way of the blood stream and in particular by
the reml artery. lie also found sexually immature individuals in
the pelvis of the kidney and in the ureters, Copulation was sugyested
as taking: plase in the ureters, In 1882, Von Linstow discovered «
stylet in the newly hatched larvee, lall (1916) found that the
enbryos aesoaped fram their shells in the wapina of the female after
the worn had been in normal salt solution. for a brief peried, Frum
this, and the fact that the embryos only lived for a short time, he
conoluded that infeotion must take place guiekly, Yokogawa (1420)
studied the nigratory route of this worm in the rut, He fed & rat

with large mumbers of eggs, collected fram urine of several infeoted



rats, and from 16 adult worms containing meny eggs in their uteri.
Four days later, he killed the rat and found four larvue in the
abdominal oavity, two in the pleural oavity and three in the lungs,
He desoribed the larvae found in the abdaminal cavity as being 620 to
8,0 . in length and those in the pleural oavity and two in the lungs
as 2,30 /(o

Thomas (192;) oarried out a series of experiments to study the
11fe=history of this worm., lo stated that "mmerous attempts were
made to determine the wandering;s of the parasite in the body of the
hoste” In 7 experimental rats, from % hours to U days after infective
feedings, a total of 39 larvae were found, Fifteen of them were
obta‘ned fram the blood, 6 from the orushed liver, 3 from the lung,
7 fram the pleural cavity and 8 from the abdominal ocavitye, Their
length variod fram 231 to 372 ..« In ancther serles of experiments,

he found the eggas of Trichosamoides crussicuuda in the urine of

experimental rats from the 15th to L7th day after infective feedingee
Hecently Smith (13,6) infected five groups of rats by feeding

them with Trichosamoides orassiomuda ogis and obtained serum from the

infected rats, He studied the resction of infeotsd rat serum on the
egzs. Mats of group I (Nos, 1=3) each received 11 infections of &5
%o 50 egzs over & period of 1, wesks, Rats of group II (Hose Li=7)
received nine similar infections over a period of nine weeks. Mats
of sroup III (Nos. 8=11) received nine infeotions of 25100 eggs over
& period of 1, weeks, Hats of proup IV (Nos, 12-15) received five

infeotions of 100 egss over & period of 10 weeks. Intervals between
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infeations were not oconstint beocause timing as well as quantity had
to depend upon the availability of infective material from wild rats,
Control rats in group V (Hos, 12-15) differed in that they received a
single infeotion of 100 egys, whereas other control groups were kept
uninfected. The average nunber of worms in sach rat of the four
groups was as follows: 2,7 in group I3 1.8 in group IIj 025 in
group T1I; and 1,8 in group IV, No parssites were found in any
control reats, including group V whioch had recelved an infecticn of
100 egge eache

Inoubation of T, crassiosuda eggs with sora of infected rets

oaused precipitation around the embryonated eggs.
Sinee the results obtained from Yokogawa and Thomas were scne=
what controversial and the stages of the develomment were not clear,

the writer oarried out the following observations:

THE MORHOLOGY AND DEVELOR'NT OF THR
EGGS OF Te CRASSICAUDA.

Eggs of 7, crassicauda when mature are of & golden colour and

have thick shells, capped &t both ends with & plugs In a series of
neasurements involving 11 egps the size varied fram 55,9 to 7J.1 « in
length and 32,25 to 51,6 .C in width, Von Linstow (1874) !'ound/ the
eg/s to be fram 62 to 75 w long and 29 to 56 L wide, whereas liall
(1916) reported them to be 62 to 72 « leng indas to 56 (A widee
Some eggs in the uterus of the famle are in the umt;od stage and

contain the vermiform embryos. The eggs contalning segmenting
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embryos (Fige 14) were dissectsd out &nd transferred to normal saline
solution and incubated at 268°C for 20 hours, During thie time the
sepmentad embryos in the sholls developsd into the U=06ll stapge

(Fige 1B). After /i3 hours inoubation, some of the egrs contained
about 32 cells (Pig, 1C) and some had developod into the morula staye
(Pig. 1D). After a total of 67 hours incubation many larves hed
develoned in their shells (Fig. 1E), Most of the egps contalning
vermiform embrvos had thin and colourless shells, only those situated

near the vagina having hrown snd thick shellse

DBSCRIPTION OF LARVA CF
TRICHOSQUMOIDKS CRESH ICAUDAS

The larva to he described is the infective stage, which is
contained in its epr shell, It was found that 1t could hateh out
in the uterus when the adult worm was incubated in normal saline.
The larvee ocntained in colourless thin egg sholls oould alse readily
hatsh out under those oonditions. In an attampt to obtain a large
mmber of larvas to stud their morpholopy, varioue solutions were
used to hateh the egzs. They did not hatoh out when the brown egrs
were inoubated in urtificial /astrie juce, ons tenth normel hydro=
chloric acid, one fifteanth "4i1ton” solution or Ringer'e solution
either at 28°C or 37°C, llowever, hatohing ooccurred when the brown
efgs were placed in & hollow slide containing horse serum and inocubated
at 37°C far 3 hours, The larvee also readily oame out of tie egg

shells when the cover slip was rently pressed with a needle,
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Egg of Trichosamoides cressicauda disseoted out from the uterus
of a female.

Egg of T, orassicauda which has been inoubated in normal saline
at <000 for 20 hourse

E-g of T, crassiosuda which has been inocubated in normal saline
at 28°¢ for L5 hourse

Egg of T, orassiocauda which has been incubated in normal saline
at 28°C for ;3 hours,

Egg of T, crassiocsuda whioh has been inoubated in normml saline
at 289C for 67 hours, Vermiform embryc in shell is shown,
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Vhen pressed out from the egis, the larvae were so aotive that
it was inpraoctioal to draw them under cemore luoida; on the ather
hand, when fixed by heat, aloahiol or 10 per cent formmlin solution,
the internal struoture faded, lIxaminntion of the larvee in aqueous
"polyvinyl alachol™ solution was also unsuitable as they were not
oanpletely immobilisede Fimmlly, it was found that the larvee were
sluggish or motionless when hatched and ripensd in the uterus of the
adult worm and their intermal structure was still quite clesr, In
this way, material was obtained for measuremont and drawing,

Yokogawa (1920) stated that "the larvae just from the eggs have
a very mll body of almost uniform thiokness, terminating in bluntly
rounded ends, They measure about 0,21 to 0.2 mm, in length and 8 to
10 . in thiolkmess, It was inpossible to mmke out any details of
internal struoture at this sta;e.”

Thomas (192;) stated that "A morphological study of the larva
at this stage showas it fully equipped with a stylet, ocesophsgus and an
intestine, A few cells that possidly might be the beginning of
oesophageal cells are shown,™

Snith (19,6) stated that "lengths of 112 larwee were measured,
inoluding a few dend specimens in saline controls, Vide wariations
osocurred within single ocultures, and lengths ranged from aé‘u to 388,
viﬁxamlmgﬁxof}@t}.%’k_ ’

Aoocording to the writer's measurements, the length of the larvae
wvaries from 215 to 378 ., The width of the anterior, middle and
posterior end 1s .51 to 1268 (s 126095 %o 12:75 ., and 6e3, to

9¢51 . respectively, Ten larvae were ocurefully measured and their
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dimensions are shown in Table I, The stylet measured from 7.92 to
26,19 . in length. It ias situated at the snterior end and it has

the apnearence of a hyaline line or two sms]l parellel hymline

lines, Sometimes the stylet protruding from the oral opening resanbles
8 spear head, Saome stylets are pointed at the anterior and owal
shaped at the posterior end; some are lanoet=shapeds In a mounted
specimen, a spear head was found at the anterior and a spear shaft

at the posterior end. The body of the larva is smmooth, elonyated and
oylindrieal with a bluntly rounded anterior and a tapering rounded
posterior end (Fige 2)e The region of the oesophagus is 110,95 to
120,38 1 in length and in the newly hatched larva, this part of the
body is very transparent, The outline of the ocesophsgus is indistinct
but its lumen ocan be seen as a shining line, 'hen the larwa is
obtained after inoubation of the adults, many round granules can be
seen scattered over this region,

The intestine measures 110,95 to 1585 . in length and consists
of a row of square, rectangular or oval gx-u.mn.nr oolls, Somotines
two rows of these cells ooocur, with the lumen of the intestine lying
between them, The row of cells ends just unterior to a group of
16=18 globules which ocoupy & spmroe 22,19 to 38,d; .. longe These
globules are round, refractile, soattered unsul;rly. and oan be
seen very oclearly, Their funntion is not clear,

The posterior end of the larve just behind the globules measures
fram 12,68 to 28,53 «_ o The internal structure is indistinot,
Sametimes two rows of fine pranules oan be seen axtending to the end

of the tail,
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larwa of Trichosanolides crassi
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THE STIYLEY 'OF THE ADULY YV.ORM.

Hoyberg (1907) firat suggested that the larwse of Trichinella
had & "boring apparatus® and Fulleborn (1920, 1923) showod that the
larvae of Trichooephalus trichiurus, T, leporis, a Irichocephalus sp,

from monkeys, Trichinells spiralis, Capillaria hepatioa and Tricho-
samoides oressicauda all possessed a distinot onchiostyle. WVehr (1939)

found a stylet in the first stage larvae of Capillaria columbae but
it was absent in all succoeding stages.
11 (1933) has described & distinot funotional stylet in adult

?;;dmog.gglga trichiurus and in a Trichocephalus spe. from the maocague,
and Chitwood and Chitwood (1937) state that one has been seen in adult
Io vulpis. _

Von Scmeron (1939) found & stylet in the bucoal capsule of the
adult worn of Irichinells spiralis, Thamas (192};) found that young
fenale worms, without males 1n their uteri, in the remal blood vossels
of the kidney were equipped with stylets, He stated that "in sll
adult egg-laying females situnted in the region of the bladder, the
writer has been wmble to demonstrate the presence of a atylete On
the other hand all male s exmnined from the uteri of such females
possessed stylets, Perhaps it may be inferred from this and other
faots that the males lead a more roving life than the females, in the
sénse that the fcmiu settle~down und ottm papillonas oompletsly
surround them," In another paragraph he atated that “apparently after
a famnle has settled dom as an sgg=laying adult she loses her stylet,”
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In the writer's experimants mature worms were carefully examined
to see whether or not thore was & stylet in the cephalio region,
lature female worms obtnlined from the Lladder well of an infectod ras
wore cleansd with water and fixed with alochols They were then
dehydrated with different concentrations of alochol and transferred
to lactophenol solution for about one weok, at the end of which time
the apocimens wers clear and the stylet was found in the ocephalie
regiones The shape of the stylet was like & spear head (Fige 3A)e It
was 9.5/~1nlangthinom specimen, B/M«andlo/u.inﬁlo others.
At the posterior end they were S/u.. B/wlmd 3.5/winvddﬂx
respectively. Another spear-ghaped specimen (Fig, 3B) was situsted
in the middlo of the oesophaguse It was 7.9 /& in length and 1.5/&
in widthe The atylet of nale worms was also examined. In one case
it was 6/0« in length and 1.5//~ in width and shaped like & spear head,
The othar oaqu/u,inlmgﬁxamluhspomtodhyunmrod. In
the first three specimens, the ahnpo resenbled that of the mounted
specimen of Trichocephalus trichiurus photographed by 11 (1933)s The
writer obsserved that in the larvae of Trichosomoides crassicauda the

shape of the stylet was slightly different, Tho drawings of Fulleborn
(1523) confirmed this view,

THE MIGRATIOR CF TUE LARVAE IN THE EHOST,

The cage for oollescting urine of rats is fllustreted in Fig, L,
The botton of the cage consists of a frame with & flocr of wire gaue
to support the rat, Under the floor is & metal funnel to collect the



FiGe 39

A and Bs Anterior end of & famle Trichosamoides crassicauds,
8t7let 18 showne
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rat's urine wvhich drops into a glass tube under the oage. Yo
prevent fasoes dropping into the tube, & round buldb is hung under
the fumel and above the glass tube, In this way, 3 to 5 co. of
urine could be colleoted in one night. %The urine was centrifuged and

the precipitate examinad for the eggs of T, crassicauda, The cage
should be cleaned daily, By examining the urine, it oould be decided

whether or not the rat was infeoted,

Bight experiments have been sarried out in an attempt to determine
the development and migration of the parasite in the body of the host.
In five of them, no larva was found either in crushing or in sectioning
the internal organs. The sucoessful experiments sre described as

follows,

EXPERIMENT X,
_On February 9th, 19,9 at 12 noon, & half-growm mle rat was fod
with iargo mmbers of T. crassicauds egcs on & ploce of btread. Some

of the eggzs were brown shelled and some were colourless. They had
been ripened in normal saline at. 26°C for 116 hours, The larvee wers
pressed out from egg shells and were active, On February 18th, eggs
which were colleoted from the urine of sn infeoted rat were fed to

the rat again. The urine of the rat had been exsmined for

T, crassicauda eggs with negative results several times, On March 10th

the urine was examined and no egg was found,
On March 1lth the urine was again examined and 11 eggs were found.

This showed that thirty days after experimental feeding, eggs wers
found in the urine, Subsequently the urine was examined every day for
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more than ten days. - Eggs were found each day the mmber varying from
1 or 2 only %o more than 10.

From April 22nd urins was collected from two naturally infected
rats and oentrm to precipitate the egrs for feeding to the rat
in an attempt to cause & heavy infection, The rat was fed with the
eggs dally for 12 days,.

On May 19th, the rat was found dead in its oage. On autopsy the
Jeft upper lung was oongesteds From the upper part of the right
ureter, ons immature fomale warm was found and from the urinary bladder,
three nature female worms were found. The mature worms harboured male
worns in thelr uteri.

EXPERIMENT 2,

A mall male rat, with a body weight of L7 gus, was left without
food or water for 5 hourse Them at 12 noon on May 1lth, 19.9 it was
fod with 29 adult T, crassionuda in a bread pellet. These worms had

recsntly been obtained from the bladder of naturslly infected rats.
The next day, at 12 noon, it was fed with & large number of eggs
obtained from the wall of the urinary bladder, At 2p.m. on May 13th,
10 adult worns which had been ripensd in normal saline at room
temperature for 52 hours were fed to the rat, On May J;th at 10a.m.
the rat was fod with 15 adult worns which had been ripened in normal
saline at rom temperaturs for 70 hourse (A total of 5l adult worms
with large mmbers of egzs were swallowed). Signs of tremor were
observed on May 1lith and on Jay 16th the rat was found to bo dead in

its oage.
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The rut was exmuined in the following vay, A mmall incision
was made in the abdaninal wall and 10 oce of normal saline was

injected several times by means of a pipette and removed sgain by
the pipette. The washinzs fram the cavity were then placed in a tube

and centrifuped, Tho pleural cavity was opensd and washed in the
same way, It was notioced that the lungs, right middle lobe and left
upper lobe wore very much oongestods The blood in the right suriels
was also aspirated for examinntion. Parts of the left upper lung,
heart, liver, spleen, Xidney snd brain were fixed in 10 per ocent
formalin selution for seotioning, The remaining parts of these orgens
were crushed through's fine sieve with normal saline and the resulting
fluids centrifuged. |

Four larvae were found from the sbdminl cavity washings (length
250-218/.,3 width 12.‘75/“, )e Two larvae from the pleural cavity
washings and one fral om:hod lmgg were found, thf latter was 215/,4,,. .
in length. .

EXPERIMENT 3¢

On May 12th, 19,9 o suall male rat with a body weight of L1 gnse
was loft without food and water for 7 hours. Then at bp.e it was fed
with 8 adult worns of T, crassicauds which had been ripensd in normal

saline at room tampercturs for about 28 hourss Next day at 2pems 20
adult worms which had been ripened for 52 hours were fed to 1t, On
May Uith at 10a.m, 1; adult worms vhioh had been ripened for 70 hours
wore fod to 1t (in ell, ;2 adult worms were eaten), All the worms
wers fod in bread pellets, On liay 16th, the rat was found to be dead
in its cage and was put in a refrigerators
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Rauination was conducted on May 17th by the same technique as
described in the previous sxperiment. From the abdominal cavity
washings one 1ive larva was foumd, Iwo living larvae were found in
the pleural oavity washings.

The right upper and left upper lung was very congesteds The
right middle lobe was found to have an abscess of a diamater about
3 e Parts of the n:ﬁuppor lung, liver, kidney, heart, spleen,
brain and mall intestine were fixed for seotloning. The remaining
plrtll of thess organs wers orushed but were negative for parasites.

The larva found in the abdaglml cavity was 306/(, in length and
1275 Vad in widthe The larvas found in the pleural cavity were M/u
and 306 /u. in length respectively and both were 127 ) in widthe

THE PATIOLOGY OF THE LUNG OF RAT OF EXPERIMENT 2¢

Histologionl examinmtion showed & congested oondition and signs

of consolidation in some arens, ZThe septas had been infiltrated by
round sells and polymorphamolears, Numerous small areas of haemorrhage

were very marked. In some areas, the alveolse had been replnced by
erythrooytes and leucooytess The epitheliwm of the bronchicles was
desquamated and there were exudate and some maorophages in the lumen
of the bronchioles. Although the larvas of _!‘l'_.._ma.aioauda were not

found in any of & series of sections, they were obtained from the
orushed tissue of the lung, The rat died after infective feeding, so

it is oonoluded that the pathologioal condition wes caused by the

larvae of T, orassicauda,
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The lung of the rat of experiment 3 was very much ocongested at
both apices, On histological exmmination, it had the signs described
above., No larva was found in the tissue sections of the internal

érgans .

THE BIONGMICS OF TRICHOSQUMOIDES CRASSICAUDA.

Oon day 10th, 1949 we collected T. crassicauds from the bladder
of brown rats whioh had been poisoned 5 days previously. Ve found
that one male worm was moving in the uterus of & female wornme

On liny 1lth, we oollected the worms from other rats poisoned at
the ssme time as those above, ' The worms wers put into normal saline
and kept at romm tamperature, 2 hours later, we found some female
worns moving in the normal saline.

On May 13th, 10 larvas were found in the anterior part of the
uterus of one of these femala wormse. Ihey hatohed out from eggs of
the uterus. In that area, thers fere seven egzs in which the
vermiform embryos did not hatah out. On breaking the body of the
adult worm, the larvae crawled out and moved actively. ESome of the
adult worms were put in norml saline and others in Ringer's
solution at 28°C. They lived for about & hourse.

In one instance, four male worms were found living in the

uterus of one female worme
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$HE INCIDENCE OF TRICHCSCHOIDE: CRASSICAUDA AND IIS
RELATIONSHIP TO TIL PRESENCE OF MUCOID CAICULI,
Inoldences
To curry out the above experiments, & total of 137 ru%s were
exsmined 4n order to oollect T, cressicaudns {(a) 57 of these were
obtained fram Landon Douks., Among them 53 were black mats, Rattus

rattus and l; wera bromn rets, Rattus norvegious, All were nepativa.:

(b) 37 Rattus norvegious were obtained from Devone 0 these 2, were

parasitized, naking Glie8 per oent infestation, 4 total of 127 female
worms - were found with an average of 53 worsms per infected rate The
highest musber of purasites harboured by one rat was 16 (o) 38 trowm
rats, Rattus norvezicus, were obtained from Twyford, In.neuhlr'c.‘ Nine
(23 per cent) were infested with this parasite, The mmber of worms
per infeoted rat varied fraz 1 to 10 with an aversgs of L.2s (d) The
other five were white rats, Fattus norvegieus albus, raised in the
laboratorys They wers all negative. In all 79 brown rats were
sxamined, 33 or Lil.3 per oent being infested, ZThe mean mmber of
parasites per infected rat was five,

It 1s of considersble inmterest to note that the blsck rats
examined wore oompletely froe of this parasite, It seems pertinent to
oompare cur data with that of previous workerss In discussing black
rata, Balfour (1922) examined 3l Battus rattus and stated that, "in

addition, Trichosamoides orassicauda Bell was found on thres oocoasions
in the urinary bladder, but as only & small mmber of black rats wers
examined for the presence of this parusite it would serve no purpose
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4o state a percentnpgee” Balfour also found Trichosacides craszsicaunda
Ball 4n the bladder of [j3.3 per ocent of 333 brown rats examined, IHe

stated thet ™ho rodents wore for the most part obtained fram dealers

in london end were London rats, but specimens were also secured from

such towms as Bedford, Drizhton, Chester, Fastleigh (Hants), Horshem,
Liverpool, Luton, Maidstone, Preston, Readin; and fandwich, Ocoaslonally
rets fron country districts were sesured and a few wore captured from
ships at tho london dooks.”

Johnston (1918) found worms in the urinary bladder of only one out
of 163 spooimene of Epimys ruttus, 1.6e 0«6 per cent infostations In
the sinsle ocsse six woms were found, Of 2,6 Epimye alexandrinus
examined only one contained T, crassicauda and that only & single
spsoimen. Ship and house rat varieties of Epinmys rettus showed & 0.5
per cent infestation in 1,09 specimens. 7 out of 205 Ep. norvegious
were parasitized making a 31,2 per cent infestntiom. He also notes

that the pgreatest numbers of females obtained fram any one Lost were

15 (twice), 11, 10 (twice) and 9 (seversl imes). The usual mmber was

one to three. Of 83 mouse bladders examined, none contained the parasites
Lowenstein (1910) in his experiments om the formation of tumours

in the urinary tract of rats, used 5l rats from four different sources.

In the firat series of 10 rats all wers parasitized; in 16 oases the

worns were found in the bladder, once in the kidney and once in the

kidney and the ureters, In & second series of 18 1uts, no worm was

founde In the 9 rats of the third series exanined, $ had parasitized

bladders, four of which had papillomas,
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Thamas (1325) stated that "fram time to time over & period of
four years, the author has exanined the urimry tract of nmbers of
rats fyrom Champaiszn and Urbama, Illinois and vicinity, Of 136 adult
rats examined 102 were parasitized; 357 parasites were taken, Zhe
average nmber of parasites per host was 3,5 or a 7 per eent infection,
Thirteen half-grown rats averaged 1,5 parasites per host, In all, 1&9
rats oontained 360 worns, or & 69,8 per oent infection with 3.4 parnsites
per host, The male rats far outmmbered the females taken as only 33
adult females were trapped, of which 20 were infeated., The average
nuber of parasites per female was 3,3 per hosts Out of 103 adult
males, 82 were infested, giving a 79.6 per oent infection with an
average of 2 paragites per host.,” The henviest infections found by
Thamas were 12 (L; times), 11, 10 and £1 in a single hoste

Luttermoser (1936) examined 2,636 house rats (Rattus norvéjious) in
Baltimore, U.S.A. 2. erassicauda was found in 2,259 (90.l; per oent) out
of 2,500 adult rats and in l; (32,35 per ecent) out of 136 Juvemile rets,

Cran (19268) exmmined 113 white rats (Rattus norverious albus) and
found 2, o@:uluﬁ(al per cont) harbouring I. orassioauds in the wrinary
bladders The number of nematodes varied frum 1 to 7 with an avernge

of 2.J; per infected rate
Price and Chitwood (1931) found T, orasaicauda in 73 out of 100

Rattus norvegicus sxmuined.
Tubsngui (1931) dissected a totul of $50 brown rais, Mus norvegicus,

The incidence of ¥, orassicauda was 57 per cent. The rats wera trupped

in different sections of the ¢lity of Muuila,



Chen (1933) exsxuined 8 rats in Canton, Chinae, Two species of
rats wers involved in the examination, namely, Mus. rattus lim and
M, norvericus Erxleben, the ratio being about 9 to i3 sowe of them
wers not identified as to speoles at the begiming of the suxrvey.

10 (11,9 psr cent) out of 8 of the rats harboured Yo orussiocauda,

Chin (1939) sxemined 129 rets (mainly Battus norvegicus) with &
far Rattus rattus) and fomd 3 (2,33 per oet) infeoted with

*, srassiceuds, The averaze mmber of worms por Lost was L33,

1a (191) found thet T, ornssiocauds murrod in 13 out of PO rats
(Battus norvericus) exemined, An average of 7.3 per infected osse wus
found, the maximm being 50 and the minimm l.

Aocording to this review, most of the rets sxamined for infeotion

with T, orassicauda were brown rats, Fattus norvesious and the inoidence
of infeotion 4n this host was rather highe Tho data cbtained by
Jounston (1918) had definitely shown that the incidence of Ts crassicauda
18 very small (0,5 por cent o 0.6 per cent) in Epimys rattus and much .

larger (312 per cent) in Epimys norvepicus.

Yucold omlculi.

Smith (1936) published & paper “Ars vesioal calouli sssociated
with Trichosamoldes orassicauda, the oommon bladder nematode of rats?”

He examined 370 rats and of these 32 (8.7 per oent) had vesionl oalcull
and 27 had both calculi and ¥y orassionuds, He also found thet the
oalouli wers much more oamon in male rats. "In 179 males, 30 had
oalouli, 25 of them had both ocaloull and worns, The incldence of

T, crassicauda of the 370 rata was 654, per oente




During the examination of rats, we also paid attention to the
presence of mucoid oaleuli in the bladder. In the 137 rats used in
the present atudies, mucoid calcull were found in 11 cases, giving an
incidence of 8,03 per ceunts In [, oases, both caloull and T, crassicauda

were found, In 7 oases, only mucoid calouli were found, there badng no
parusites, From an amalysis of the inoidenoe of oaloull in this serles
of rats it beoocmes apparent that the incidence in infected rats is
nearly twios as large as in uninfected rats, nsmely, 12,12 per scent and
6.73 per oent respectively. 4in enmalysis of the figures given by

Smith (1946) shows that the incidence of caloull in infected rats is
more than three times that in wninfected rats, namely, 23.1 per oent
and 7 per ocent, From these data (see Table II) it is concluded that
there is & relaticnship betwesn the occourrence of I, orassionuda and

mucoid orloull.

DISCUSSICH.

Yokogawa (1920) stated that "On the method of migration of the
larvas of this nematode from the lungs to the bladder of the host there
1s little definite information, Von Linstow's (187;) finding youg
worms in the kidneys snd ureters suggests that they meke their way to
the kidney and then pass dosm the ureters to the bladder. How they
maks their way fram the lungs to the kidney is atill an unsolved
question. Taking for granted that the migration to the lungs iz a
necessary phase of the life history of this parasits, there are three
possible ways in which 4t might migrate fram the lungs to the kidneys.
(1) the larwee might make their way into the mmll branches of the
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pulmonary veins, be carried to the heart end then pass to the kidney
along the sorta and remal arteries; (2) the larves in the lungs might
breek into the air cells and, like the hookworm larves, travel up the
trachen snd down the cesophagus into the intestine, From hers it
would be necessary for tham to make their way to the iddneys by way of
the body eavitys (3) finally, the larves in the lungs might zake their
way baok into the pleural oavity through the diaphregn and dody esavity
to the kidney, Ihcoome})yﬂmohloodlhwmldmhbew
difficult £ not imposaible on aceount of the large size of the larvae
and the fact that the remal artery is s mmll vessel which branches at
right anglss from the dorsal sorta, It is possible of course that the
saall type found might follow this course, It seems to me that the
seoond course is the most probable, but the solution of this interesting
probles must await future investigations.”

Thamas (192;) stated that "since larvae have boen found in the
blood stream it is more reasonmble to sssume that larvae came into the
pleural and abdaminal ocavities by chanoce wanderings snd the bleeding
points om organs is the external evidence of their leaving the blood
stresm, Furthermore, the author in mmerous cases has found blood
£111ed renal tubules in the kidneys of parasitized ratz that would
indiecate larvae had left the blood vessels, and the finding of young
forns themselves in blood vessels and remal tubes would beer this ocute
It might also be well to recall a similar observation by lowenstein
(1910); he, however, found only young forns beside blood vessels with
a seattering of red gorpuscles mear theme” .
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Wo were of the opinion that if the larvae of I, crassiocsuda
migrated fram the lung to the kidney by the circulatory system, they
would be dispersed throughout thé body by the circulation of the
blood, lowever, we have not been able to demcnstrate the larvse in
tisgue sections. A similar finding is reported by Thomes (192,;) who
stated that “the left lung, the heart, both kidneys and ureters, the
bladder and right lobe of the liver wers saved for seotioning” but
sald that "no larvae were found in the seotions of the organs saved."

Conoerninz the seoond route of migration, suggested by Yokogawa
(1920), 4t could anly be proved if larvee could be demonstrated in
the traches of the experimental rats, Even if larvee were obtained
from the intestins of experimental rats, it would be impossible to
differentinte betwoen those just hatched and those which had migrated
from the lung, since the littla growth takes plaoce in the first eight
days. Thamas (192) has shomn the Jarvae in the tronchi, but not in
the trachea.

In our opinion, it seaus most likely that the nigration of the -
larvas of T. crassiosuda from lung to kidney follows tha third route
suggested by Yokogewa (1920), f.e. the larvae in the lungs make their
way back through the pleural oavity, the diaphrags and the abdminal

oavity to the kidney,

From owr results and the records of previous workers, & total of
58 larvae wers found in experimental ratse The distribution of these
larvae is 1isted in Table ITI, It shows that () 15 larvee were found
in blood, 5 to 10 hours after the infective feeding; (b) 6 larvae were
found in orushed liver, 1 to L; days after the infective feeding;
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(o) 7 larvee were found in crushed lung ¢issue, 1 to 8 days after the
infeotive feeding; (d) 13 larvae wers recovered frem the pleural cevity
1 to § days after the infootive feedings (e) 17 larvao werc cbiained
froa the abdaominal oavity, 1 to B days after the infective feeding, It
appears from these dnta that the larvae first migrate from the blood
to the lungs; then they traverse the plcurli and abdominal cavities

and by this route finally penetrate the kldneyse

SINARY «

1., The develompent of the eggs of Irichosomoldes crassicauda
from the segmented stage to the vermiform embryo in normal saline at-
289C takes about 67 hours,

2, The nigration of the larvee in the host 48 discussed in the
light of our own experinental data and the results of previous workers.
It is shown that the larvae migrate from the intestine to the lungs in
the blood atream, From the lungs they enter the pleursl cavity and
make their way back through the diaphragn and abdominel oavity to
the kidneye

3, The morphology of the larvas and the stylet of the mature

famale of T, crassicauda is described,
Le The inoidence of 7, orassicauda in bpom rats (Hathm

norvegious) examined in Fngland wes found to be 33 out of 79 (413 per
cent)e No infeotion was found in black rats (R,_rattus) examined,

Se The relationship between the presence of T, orasslcauda and
mucodd calould in the bladder of rats is discusseds The incidence of
caloull is nearly twice ns high in parasitized as in unparasitized

rats,
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STUDIES ON RETROFECTION IN
ENTEROBIUS VERMICULARIS OF MAN
AND ASPICULURIS TKTRAPTERA (F MICE.

INTRODUCTION.

langhans (1926) stated that the larvae of Enterobius vermicularis
(Linmmeus, 1758) Leach, 1653, were found in the anal region, He
believed that the mature wurm migrated dowpmrds from the intestine
and laid eggs in the anal opening, If the situation wms very good
and the tempereture was suitable, the larvee might hatoh out and
nmigrate into the bowel beocsuss in the bowel the temperature was
' higher than the outside of the amis. Hamburger (1939) supported this
viow, but he had no experimental evidence. In the last 2, years,
however, nobody has found Enterobius vemiocularis larveae in the amal
region,

Cran, Jones, RBeardon and Nolan (1939) examined 1,272 persons at
Vashington by the NIH swab method and stated that "not ouly eggs of
Enterobius but also those of Irichuris, Asoaris, Necator, Hymenolepis
and Taenis have been found on the swabs” Massottd and Osorio (19.2)
reported finding eggs of Ascaris, ITrichuris, hookworms and tapeworms
by Grehan's method, Stoll, Chenowsth and Feek (19,7) studied the
inoidence of Enterobius vermicularis in natives of Uuam M.I, end found
1 per cent of them infested, Theoy stated that "it is of interest - as
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bearing on the efficiency of Sootoh thpe in removing oggs from the
anal skin area and permitting them to be dimgnosed by the microscopist
later = that while few Enterobius ova wers ensountered, the eggs of
other nematode parasites were frequently found. Altogether, there
were 18 hoolkworn, 36 asoaris and 68 trichuris positives - 8, 6 and 11
per cent, respectively = of the 63l individuals sxamined, In 21
ingtances, eggs of two or more paresitic spscies were present,

Madsen (195) after rejecting the hypothesis that there is a
multiplioation of Enterobius vermicularis within the host, also disposed

of langhans' theory. He stated that "Thus it should be possidle now
4o bury this old hypothesis for ever, Ihe ssme applies to the
oomception, based upon quite oasual findings of larwe in the aml
region, that the larvee normally should hatoh here and then orewl
upwards and develop in the intestins., It haunts as late as in 1939
(Hanburger)s Hee also langhans (1926)."

Schuffner and Swellengrebel (19,9) after oiting lLanghans' paper,
desoribe how they applied Entercbius vermicularis larvae, hatched from
artifioial gastric juice, to the sphincter portion of the anus of
three volunteers (of vhom one was the senior author) and they all
beosne infeoted. The mode of inoculation, nemely retrograde migration
of larvae hatched in the aml region, was designated "retrofestion.”
They took oars to prevent the possible ocourrence of trenmmission by
mouth and daily exsmmined the anal region for eggs by & swmb, to study
the oourse of infeotion, fThey noticed that “in the second half of
the course the appearance changed fimdamentally, Ihe intervals



-3-

(betwesn finding the eggs in the aml region) became much longer

(L0 to 50 days), the periods corresponding to the 1ife span of the
femles, It would appear then that in the earlier rhases ssveral
generations overlapped, while later on £ single genoration was
responsible for maintaining the continuity.” ®Although olose sgree-
ment 4s moat probebly dus to ohanos, this periodiclity is reminisoent
of the fact that 25 years ago, Heubmer (1922) found in his om
infection, which persisted over & period of four years, & dofinite
rhythn of L0 to 50 dayse That makes it very likely that Heubner's
infeation was ulso due to retrofection.” Then the authors sonoluded
that "The aotual proofs for the retrofection have been adduced from
two types of evidenos, on the one hand the sequels of an acuts attack
and on the other hand the three parallel experiments.”

Althiough this was the author's comolusion, they stlll oould not
explain some of their observations. They stated that “Of special
interest i the questiom, why no retrofection oocurs in one individuanl
(vide the Amsterdenm experiment), while it doos 80 in others, IHven in tue
seme person canditions may change, as iz shomn in Dootor B's infectionse
Likewise, in the senior auther's cass of psrana) infection, retrofection
developed.” In the Ansterdam experiment the senior author fed 8
volunteers with Enterobius vermicularis eggs collected from dust, and
§1% of them becsme infected. Eggs appesrsd on the perinmm 36-53 days
after infeotion, and persisted for 12-26 days, after which the
infeotion clearsd spontaneouslys
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As shomn above, the problem was not yet completely solved. To
investigate 1t further, two methods of approach were possible,
(1) direstlys by spplying infective eggs of Enterobius vermicularis
to the anal opening to follaw up whether they were hatohed and
migrate into the bowel, (2) indireotlys by studying animal cxyurids
to follow up whether or not retrofeotion coourred. Since the eggs
of Enterobius vermioularis were very difficult to obtain, we studied
Aspiouluris tetraptera (Nitssch, 1821) 4n nice.

Recently, Prince (1950) found larvas of Syphacis obvelats in
the eral region of infected yats, He stated that “a rat was lihtly

maﬂm‘uud to prevent struggling, and its amal region was washed
with 104 alochole The washing was oaught in & glass container. This
1iquid was then oentrifuged and the sediment examined, A fairly
large mumber of embryouated epgs &nd some larvee measuring O,ll; to
0,22 me in length were cbtained in this way. In addition to
whatohed eubryonated egzs found on the amal reglon, about 29% of
the oges found were aohal;y empty egg shells. Using water in place
of the 10% alechol, living larvee as maell 68 0.00 mies in length
have been recovered.,” Although his study throws some light on
retrofeotion $n rats, the evidence is atill inomolusive,

nmnmm:ormmwupxms
IETRAPTERA AND ENTEROBIUS VERMICULANIB. —
Philpot (192);) stated that eggs oontained in the uterus of the
mature female of Aspiouluris tetraptera and those fram the rectun
and fasces of the hoat were in the segmented stage, The oggs
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developed very rapidly vhen deposited by or pressed from the mature
fennle. Babryos moving within the shell were found after 68 hours
inoubation in water at 22°C. A sinilar stage was romched in about
20 hours at 37°C. She found that develoment £lso proceeded very
readily in salive,

In the case of Entercbius vermicularis, she stated that at 37°C
in water, the oggs showed ooiled moving embryos when examined arter
five-and-three=quarter hours,

Zawadowsky and Schalimov (1929) atated that the eggs of threed=
worns would develop further after leaving the body only if they had
reached the tadpole stagee If so, they would develop in normel saline,
in water, in saturated oopper sulphate sclution, in formalin, and
oM medin,

Heller (194)}) studied the epidamiology of entercbissis and
showed that the optimal temperature for the development of the eges
was 3l to 36°C, at which temperature, they reached the infective stage
in li=6 hourse The human perieanal region is vory favourable to their
develomment and eggs fixod there in silken bags reached the infective

stage in ;=5 hourse

¥HR DEVELOPMENT OF THE EGGS OF ASPICULURIS
TRTRAPTERA IN NORMAL HORSE SERUM.

To disoover whether eggs in serum discharged by hemorriiolds are
readily developed or noi, they were cultured in serume Ihe eggs
(Figs 1A), were dissectod out from the uterus of the adult worm and
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8, Zggs of Asplouluris tetrapters dissected
out from the uterus of & famle worm,

b, Egg of Asplouluris tetraptern which has
been incubated in horse serum at 259

for 17 hourse
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4noubated in normel horse serum at 25°C, Seventeen houra later,
small yermiforn embryos were found in their shells (Fig. 1B). After
I;1 hours, the embryos wore longer and after 65 hours inoubation,

the vermiformn embryos were moving in thair shellse

CGIPARISON OF THZ DEVELOPMENT OF THB EGGS OF
ASPICULURIS TETRAPTERA IN SALINE SOLUTIONS
OF DIFFERENT CONCENTRATIONS,

The prinoipsl camponent of sweat is sodium chloride and its
oonoentration varies from O3 to 0,83 per cent (Talbert and Haugen,
1%7)e To determine, therefore, whether the ooncentration of saline
affeots the development of the eggs, they wers incubated in different
soncentrations of saline.

The eggs used for the experiment wers isolatsd from the faeces
of aix infeoted mice which were put in & large glass oage for cne
night, Their faeces were colleoted and camimuted in a large amount
of water, and allowed to settle for half an hour; the top two thirds
of the fluid and flonting debris wers then poured offe The sediment
was resuspended with water and allowed to settle againe The upper
part of the fluid was poured off and the lower part vwas strained
through & wire basket, The strained suspsnsion wus mixed with water,
allowed to settle for half an hour and the supermatant fluid was
poured off. This procedure was repsated several times, until the
supermatant fluid was olear, The sediment was placed in a centrifuge
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tube and spun for ten mimitess Tue fluid wes poured offe The
sediment was erpanded in saturated saline and spun for another tem
minutess The oggs floating on the surface of the saline were removed
by & loop and placed in & tube containing distilled water to wash

out the sodium chloride. They had just developed into the segmented
stage,

The eggs wers transferred to watch glasses (5¢3 oo dismater)
for incubation, sach watch glass cantaining about 150 eggse ho
watch glasses wers sterilized in a dry heat sutoolave at 1L0°C for
half an hour and the eggs were incubated in them in sbout 2 £0 3 0e0e
of ench of the various scluticns to be testeds Yo prevent svaporation
oach watch glass was kept in & Petri dish containing & few cecs of
water and this was labelled with the name and ooncentration of the
solution, the mmber of the dis, the teaperature and the dats, The
Patri dishes and thelr oentents were insubated at 28°C ar 37°C for
varicus periods after which the mmbers of eggs were oounted and the
percentage daveloped were oalculated. ‘ ’

The eggs were incubated at 37°0 for 17 hours in four different
solutions, 1.e. 0.85 per ocent, 0,65 per cant, 0.5 per oent, 0.5
per cent saline and also in pure waters The peroentnges of developed
eggs corresponding to the above solutions were 8749 90elis 9342,
88,9 and 89.1 in water, It 1s apparent that below 0,05 per cent,
the saline conoentration has noyf great influence on the develoment
of 'ﬁxo enbryoe
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COMPARISON OF THE DEVELOHMENY OF THE EGGS OF -
ASPICULUNIS TETRAPTERA IN HORSE SERUM AND WATER.
Eggminohtodtrmmn'snmam&wbmdiw

within the previous 18 hourss They were in the segmented stage,
They were transferred to four watch glasses, two of them eontaining
water, two of them oontaining horse serume. Two watch glasses (one
oontaining water and one serum) were kept at 28°C and the other two
at 37°C for 2 hours, On exsmination, most of the eggs were fully
developed and in soms the embryos were moving in their shells. The
only difference cbserved was that the proportion of moving larvae
was greater in the watoh glasses lkept at 28°C (I, in 5) than in thoss
kept at 37°C (1 4n 8).

THE COMPARISON OF THE DEVELOPMENT OF THE EGGS OV
ENTEROBIUS VERMICULARIS IN NUMAN SERUM AED IN VATER.

Bggs were discharged on & slide by & mature femmle worm obtained
from enema specimens. They were transferred to two watch glasses
(ons ceontaining water and the other cantaining husan serwm) and kept
at 379C for three hourse Sane of the eggs were then taken out from
each 1iquid for sxamination and were foimd to have developed to the
tadpole stages Five hours later, moving vermiform enbryos were
found in their shells, From this experiment it is concluded that
both serum and water are sultable for the development of the egge
of Enterobius vermioularise

W
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'FACTORS CONCERWING THE HATCHING OF THE EGOS OF
ASPICULURIS TETRAPTERA AND ENTEROBIUS VERMICULARIS.

«

In the investipation of retrofeation, the factors affecting the
hatohing of the egzs of Asplouluris tetrapters and Enterobius

vernicularis require thorough study. Under what conditicnis can the
eggs hatoh out?! Are there optimm conditions for hatehing? To
answer these questions, & series of sxperiments was performed by
the writer. DBefore describing these, 1%t is appropriats to refer to
previous work on this subjeots

Zenker (1872) (see Cobb, 1890) found the larwae of Oxyuris
vernloularis in the duodemms and musll intestine. Cobb (1890)
hatohod cut the larvas of Oxyuris vermicularis in the human stamach
under normal conditions., o swallowed & “suotion ospsule™ in which
was placed a largs mmber of oggs, oontaining fully developed larves,
which nmoved actively when warmed. 8ix hours later, he recovered i¢
by mears of purging. On opening the oapsule an & warm stage, he
found & large mmber of actively moving larvas. Ths capsule oontained
aeld fluid, Gordon and Maofie (192];) hatched the eggs of Uxyuris equi
4n & solution of sodiumm carbomate (0.1 per cent to 0.5 per cent) after
tmmersion of the egzs in hydrochloric moid (0.1 to 0.2 per cent) for
half an hours The larvas were very actives FPhilpot (192,) hatched
the eggs of Enterobiusg vermioularis in water at 22°C, 25°C and 37°C
and in salive at 37°C. She tested the following solutions (1) 0.2¢
hydrochloris acid, (2), 1% trypsin and 0.5% sodiun bloarbonate and
(3) 0.3¢ pepsin and 0.1% hydroohloric neide She found that all of
these oould ki1l the tadpols stage of the eggs, but (2) and (B) coula
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hatch out the eggs cmntaining colled embryos.

She also hatched the eggs of Aspiculuris tetrapters and stated
that embryos oould ba freed from their shells to a certain extent
by stirring the oculture quickly or by sllowing it to dry and then
re-moistening ite The freed embryos showed 1o movement in watere
Emergenoces frgn tha shell was also induced both in 0,5 per ceat and
0.8 per eo;;d:;;wbmh.

lentse (1932) tested the infeotivity of the eggs of Fnterobius
vermicularis by feeding the eggs to mice and later exanining the mice
inteatines,

Jones and Jaoobs (191) used the hatching techniqus to study the
survival of the oggs of Enterobius vermioularis under lnown conditions
of hunidity and temperature. They hatched the eggs in a solution of
Oul} 0.0¢ of distilled water and 0.6 c,0, of artificial gastric juloce
(07 per oent HC1 and 0.5 per cent pepsin) at 37°C.

In tho experiments to be desoribed the eggs used were isolated
from mousa's faeces which were oolleoted from its oages Ihey were
hatched in & watch glass by the same technigue ss that used for study
on the develomment of the eggs of Aspiouluris tetraptera, The
technique was gradually developed by use At first we hatohed the
eggs in & maall Petri dish, but because its bottom was flat, the
0ggs were not sasy to find. latterly, we used a watoh glass, Bince
fungus was found to grow in the culture, the container was sterilized,
After this technique had been developsd, however, 1t was found that
Yoshida and Toyoda (1938) had used the sane method to hatch asoaris

OFESe
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THE RESULYS OF EXPERIMENTS ON THE HATCIOING
OF EGGS OF ASPICULURIS TETRAPTERA,

1. The hatohing of the eggs of A. tetruptera in artificial gastrio
Juioce.
Three series of experiments were onrrhd out at different timess
(1) The eggs of A, tetraptera were put into two watch glasses
containing artificial gastric juloe (0.7 per cent HOl and 1 per oent

pepsin), One was incubated at 289C, the other at 37"0. Sevenbteen
hours later, 6 per cent of those eggs inoubated at 28°C had hatched

out, whereas no hatching ocowrred in those incubated at 37°Ce

(2) The eggs were put into two watch glasses containing 50 per
cent artificial gasiric juloce in distilled water. The results are
shomn in Table I. It was shown that in these dilute solutions the
egzs ware readily hatched, The percentage of free larvae and of
emerging larvae (Fig. 2) wers much higher smong those inoubated at 37°C.

(3) The eggs wers put into a watch glass containing 25 per cent
srtificial gastric julce in distilled water and wers incubated at
37°C. Vhen they were exsmined 17 hours later, thers were 32,5 per
ocent free larvae and afier 65 hours incubation, all the eggs had
hatcheds

It has been mentionad above that Jones and Jaocbs (1941) also

hatched eggs of Entercbhius vermicularis very successfully in dilute
artifiocial gastrio juioe which shows that the eggs of these two
parasites resambls ans another in this respect,



TABLE I.

RESULTS OF HATCHUING A. TETRAPTERA RUGS

IN ARTIFICIAL GASTRIC JUICE.

% Gastrio Juics
in Water

Tempera=  Hoe of Hrse of
ture. eggs  inoubation

28°% 10, &

50

37° 130 13

S
&

37¢ 160 17

Su N

FL « FHEE IARVAE
FM « EMERGING LARVAE,
UB = UNHATCHED EGGS,
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of Aspiculuris tetrnptors.
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24 The hatching of Ae totraptera eggs in dilute hydrochlorie acide

* As 1t 15 well known that faeces are azmmotimes acid and sometimes
allnling, it was of interest to determine whether the eggs of Oxyurids
are more readily hatched under uid or alkaline oonditions. To
investigate this problem, & series of experimsnts was oarried oute

Hydrochlorie acid solutions were prepared in two consentrutions.

Solution (A) consisted of N/50 hydrochloric noid and Solution (8)
N/25 hydrochleric moide Hach solution, together with eggs of
A, tetrapters, was placed in two watoh glasses, one of which was

incubated at 28°C and the other at 37°C, (The watah glass which
oontained solution B'and was kept at 2689C was broken by accident)e
The result of hatching 1s shown in Table II, The proportions of free
larvae in these soluticns are rather smalle. About 60 por cent of the
verniform enbryos in their shells uppeared to be deads Some embryos
were still moving in their shells. 29 hours later, all the free
larvae in these solutions amppeared to be deade

3e ‘The hatching of A, tetrmpters eggs in sodium bicarbonate
:olnﬂonc

0.5 per cent and 0,25 per cent sodium bicarbomate solutions were
used in thess experipents, Two watoh glasses were prepared oontaining
each solution, ons being kept at 37°C and the other at 26°C, Five
hours later, no hatohing had taken plaoe in either of these sclutions,
After 25 hours incubation, both fres larvae and emerging larvae were
observed in the percentages shown in Table III. In the 0.5 per cent



TABLE II.

RESULTS OF HATCUING Ao TETRAPTERA

BGGS IN DILUTE HCl.

Concentration  Tempera=  No, of Hours of Peroentage
of solution ture. egzs  incubation hatching
W/50 37" m L  FL 10.8

Bl 2.7

UE 86.5

X/50 20° 108 L FL 55
B 3.7

UE 90.8

¥/25 37¢C 105 4 FL 8,5
S - -TY

UE B5.8
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solution, incubated at 37°C, 21,2 per vent free larvas, 36.5 per ocent
emorging Inrvas and 12,3 per cent unhatched eggs wers found, whereas
at 20°C, there wers 2,5 per cant emerging larvas and 97.5 per cent
unhatched eggse In the 0.25 per oent solution, incubated at 37°¢,
19,5 per cent free larvhe, 1le3 per oent asrging larvee snd 692
per cant unhatched eggs were found, When incubated &t 289, there
were 1 per cent emerging larvae and 99 per ocent unhatched oggs and
thore were no free larvne, It is clear that the 0,5 per oent solution
iz much more suitable for the hatching than tha 0,25 per cent sclution
and the tempernture (37°0) is also importants The free larvie found
in the 0.5 per vent solution had no movement and those in the 0425
per cent solution were moving sluggishlye

After B hours incubation, in the 0,5 per cent solution st 37°C,
2542 per oent of the ezgs wers still unhatched whereas in ths 0,25 per
cent solution at the mme tezperaturs, the propertion wms 2.6 per
cent, At 28°C, both in 0,5 per oent and 025 per oent solutions, the
percentage of unhatched eges was about 95e The froe lurvis found in
the Bolutiom appeared to be dend.

After 19 hours incubation, in both 0.5 and 025 per cent
solution at 37°C, the larvae appeared to be deads

lLg The hatohing of the eggs of A, tetrapters in normal horse ssrum,
Sinoe we oonjectured that the eggs might readily hatoh out in

serun discharged by haemorrhoids and then migrate upeards causing an

infection, we inoubated the eggs of A. tetraptera in horse serum and

followed the results, Two series of solutions were prepared, One
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was incubated at 37°C and the other at 28°C, In each sories, throe
watch glasses wers propared. The first ocontained 10 per cent serum
4n water, the second sontained 20 per cent serum in water and the
third contained whole serum,

The sggs of A, tetraptera used in the experiment had just bea
i1solated from nice fasces and had not been ripened. 4After nineteen
hours inoubation, segiented embryos had developed into the verniform
embryo stages but no free larva was found in any of the solutions,
The result of hatehing for L2 hours is shown in Table IVe In the
‘series inoubated at 37°C, the percentage of hatching is groater in
the dilute solutione In the 10 per cent senm, two emerging larvee
were moving astively. 7The sclutionzs inoubated at 28°C had turned
red, No hatohing had ococurrede

After 90 hours inoubation, all watch glasses were examined. In
the 37°C series, the perventapge of hatohing, both in the 10 per oent
serun and in the 20 per cent serum, had scwewhat mﬂa\ud. In the
whole sers, 9 per cent emergiw larvae and 91 per cent unbatched
eggs tut no free larvee were found, Some larwee in their shells
appeared to be dead, In the 28°C series, small percentages of free
larvae wers found both in 10 por cent and in 20 per cent serume In
the whole serum, thers was no hatohing after 90 hours, but after 119
hours, 97 per cent emerging larvae were found.

Another experiment waa oarried out to decide whether we could
obtain a high percentage of hatching by continuing to transfer the
egzs into fresh horsd senme Vie used eggs of A, tetraptera which




TABILR IV,
Ersossrees

RESULYS OF HATCHING A, TETRAPTREA
BEGG3 IN HORSE 8 .

Peroentage Tempera= Mo, of PERCENTAGE HATCHING

Serune ture. oges lours of Inocubation
10 36 129 ¥ 28,2 &
, - 11,7 8
1) 1 61.2 28
20 37°% L FL 8.6 Llied
B 8e6 849
i) 4 82,8 NG
100 370G 2 FL 0 0
- 643 9
UB 937 91
10 289 101 FL 0 3 .
Bl 0 o
UE 100 97
20 28%¢ - a3 ¥L o 2,8
B 0 0
UR 100 97.2
100 2go¢ 177 L 0 0
o 0 0
1)1 100 100

FL~ FREE LARVAE
B = BDERGING LARVAR
UE - UNHATGHED EGGS,
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had been cultured at 25°C for 3 dayse 123 eggs were put intc the
horse serum and incubated at 37°C. 19 hours later, no free larvae
and no emerging larva was found, The eggs wero then transferred to

a watch glass containing fresh serum and kept at the sams temperature,
2l; hours later (after a total of L3 hours inocubation) 1.2 per cent
emerging larvae and 98.8 per cent unhatched sggs were founde The
unhatched egzs were transferred to fresh serm again, 2, hours

lator (after 67 hours inoubation in all), 2, per cent emerging larvee
and 7% per cent unhatched eggs were founde

5e The hatching of the eggs of A. tetraptera in human sweat,
If ths eggs oan hatch out in sweat, it is possible that they may

give rise to retrofection in this way, To investigate it, 2,7 eggs
wers placed in sweat and inoubated at 37°C, Three hours later, no
hatching was found. Vermiform cmbryos were moving in their shellse
After seven hours inoubation, the result was the same. After 26

. hours incubation, only 1 emerging larva was founde IThe sw;at had &
foetid mmell, The vermiform embryos had no movemente After 53 hours
inoubation, 92 per cant of the larvse had degensrateds The experiment
was repeated with the same result. Thus sweat is show: to be suitable
for the hatching of A, tetraptera eggse

é_g The hatohing of the eggs of A, tetrapters in saline,
The fallure of A, tetraptera eggs to hatch in human sweat may

be dus to the fermentation of the swemt inhibiting the process of
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the hatching, The principal omponent of the sweat is sodium chloride,
Zggs were therefore inoubated in dilute salins at 37°C and 26°Ce The
results are shown in Table Ve This shows that 37°C is more suitabls for

hatchinge The free larvae moving actively in the solution were founde

Je The hatohing of the eggs of A, tetraptera in Albumin solution,

Egg albunin was useds Three series of watch glasses were prepared.
In (a) two watch glasses were £illed with slbumin, in (b) two watch
glasses were £illed with 10 per cent altumin in distilled wmter and in
(o) two wateh glasses were £illed with 5 per cent albumin in distilled
waters Eggs were transferred into sach watoh glass and cne watoh gless
from each series &, b and o, was inoubated at 37°C and the other at 26%.
The results are shown in Tadble ﬁ.

This shows that the eggs readily hatoh at 37°C. At this temperature,
the percentage of hatching mdmlly increased with times The 10 per ocent
albumin solution was the most suitable for hatchings After L7 hours
incubation, 2l;+2 per sant of the eggs in this molution had hatched, while
in pure albumin only 6el; per cent had hatohed and in 5 per cent albumin
only 142 per cent, After 118 hours hmbutio;. the peroentage of hatoched
oggs reached its maximm of 8942 per cent (in 10 per oent lbumin solutimm),
At 28°C the eggs did not hatoh for the £irst L, dayss by the fifth day, &
few had hatched,

8y The hatching of the eggs of A, tetraptera in the urine of mioce.
The oggs of A, tetraptera were isolated from mics fuocces and inoubated

at 259C for 6 days. 180 eggs were then transferred to mlos urine and



TABLE V.

RESULYS OF HATCHING Ao TETRAPTERA
EGGS IN

Peroentage Tempera= Nooof PERCENTAGE HATCHIXG

Saline ture oggs Hours of Incubation
B 1 8 6ely
UE T9.2 77 NG

6.28 28°C '167 YL O 1 18,7
B 6 7 6.2
VR 93 92 Bl

FL » FREE LARVAB
M -~ EMERGING LARVAB
UE = UNHATCHZD EGGS



TABLE VI.

RESULTS OF HATCHING A, TETRAPTERA
BoGS IN {INe

Peroentags Tempera~ loe. of PERCENTAGE HATCHIXNGO
Albumin, ture agzs Tours of incubation
X E? ‘0 118

100 37°C 120 ¥L 0 3.2  10.1 78,1

B 1.1 342 849 6.8

UR 98,9 93.6 Bl.0 15.1

10 37°% 83 FL. 1y 13,9 56 992
M 2,9 10,3 11,6 0

UE 95,7 Toe8 3R 10,8
5 37%c; 167 FL. 12 5. 50 &5
Bl b 8.8 1782 o

UE 982 85,8 32.8 1195 |

100 28% 110 FL o 0 0 Te7
o 0 0 0 0

UE 100 100 100 Re3
10 28%¢c 161 FL 0 o 0 19
=l 0 0 0 0
UE 100 100 100 B1

5 28% ol FL. O 0 0 13.7
B 0 0 0 0

VE 100 100 100 8643

YL = YRER LARVAR
B! - BIERGING LARVAE
UE « UMHATCHED RGGS,
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inoubated at 37°Cs 2i} hours later, 1.2 per cant fres larvas and 38.0 per
ocent emerging larvas wers found. After 18 hours ineubation, 91.9 per cent
enpty shells were found. Af%er 90 hours, in all, 97 per cent ecupty shells
were found, Although the larvae hatched out, in no instance was any
movenent obsarved, This indiocates that the larwme camot survive for

long in urine,

9s The hatohing of the eggs of A, tetraptera in Veters

A large mwber of A, tetrapters eggs, Just isolated from mioe fasces,
were tranafefred to a armll Petri dish and incubated at 28°C, In the first
three weeks, no free larva wes found and tho vermifoym embryo in their
shells had & normal appsarance, One month later, froe larvae and emerging

larvas were found, After two months incubation, they were still being
founds The vermiform embryos in the shells appeared to be slive and most
of the egge had hatched, After a total of three months, frec larvae were
still founds In the shells, the embryos appearsd to be normal but some
weras deganerate.

Eggs of A. tetraptera containing vermiforn embryos in their shells
were dried for 2l hours, They were moistened by water and insubated at
£89C for 17 hours. On examination, 6.l per cent free B rvas and 12,9 per
cent emerging larvae were found,

10 The hatehing of the eggs of A, tetrmpters in sugar solution.

Oul per oent ngqusous sugar solution wes prepered. Ihe egzs of
4, tetrapters with developed vermiform embryos were put inte the solution.
I8 hours later, s few free larvee and smerging larvee wers found, The
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results ure shown in Table VIIe Aftar 120 hours insubation, the porcentage
of hatching was still smalle Tas experiment was ropeated wlth the same

resulte

11, The hatching of A, tetrapters eggs in look's solutions

Three ssries of solutions were prepared; (a) Lock's solution, (b) 50
per cent Lock's solutlon in water and (o) 25 per cent lock's sclution in
weter, Bach soluticn was used for prepuring two watoh glasses. Oue watoh
glass was incubuded at 37°0 and the other’ at 28%C, Four hours later, only
cne emerging larva was found in Look's solution incubated at 379C. After
93 hours incubation, the mmber of eggs hatching at 379C was in inverse .
proportion to the camventration of the solution. In Look's solution, the
froe larvae and smerging larvae wers 3 per cent. In 50 per oent Loock's
solution, they were 1l per cents in 25 per cent Look's solution they were
32,8 per cente The eggs which were inoubated at 289C, hed 1 per oent
emerging larvae in 25 per cent Look's solutions The results are shom
sn Tabls VIIX,

12, The hatching of the oggs of A. tetraptera in dilute gastrio juloce
and sodium bloarbomate aclutione )

Eggs of A, tetrapters wers incubated in 50 per cent gastris juloce
in water for half an hour at 37°C, Then they ware transferred to 0,5 per
cant sodiun bicarbomate solution and inocubated at 37°C for four hourse
Yo froe larve ¥as found, Afiter twontywone hours incubation, free lirvae

wne found tut no movenent,



TABLE VII.

RESULTS OF HATCHING A. TETRAPTERA
EGGS IN SUGAR 80 .

Percentage Tempers= Noe of PERCENTAGE HATCHING

Solution ture ogre Houﬁa of Inoubation
0e1 28% 10 FL p \ 2.6
. Bl 0 1.3
UE 9% 96,1
0,1 37% 100 FL 3.1 10
Bl 1.3 8
UE 82,6 81,3

FL = FREE LARVAE
Bl «~ EMERGING LARVAR
UE - UMHATCHED IXGS



TABLE VIII.

RESULTS OF HATCIIING A, TETRAPTERA
EGGS IN LOCK'S SOLUTICN.

Perooutage Tempera= Nooof PERCENTAGE HATCHING

ture eges Hours of incubation
100 37% 100 FL 0 1
B 1 2
UB 99 97
50 37% 100 FL 0 L
EX 0 7
UE . 100 &9
2
29 37% 19 ¥L o 27,6
B 0 10,42
UE 100 67.2
100 28% zoq 4 o 0
Bl 0 0
UE 100 100
50 28% 100 FL 0 0
Bl 0 0
UE 100 100
25 £89% 100 YL 0 0
Bl 0 1
VE 100 99

FL « FRER LARVAR
EM =~ EMERGING LARVAE
UE « UNHATCHED EQGS



THE HATCHING OF THE REGGS (P
ENTEROBIUS VERMICULARIS

Ta obtain material for this study, enema specimans from persons
infected with B, vermicularis were brought from hospitale The faueces
were ocomximited and nixed in a large smount of tap water in a tray
and after sedimentation the supernatant fluid was decantade This
procedure was repeated several times until the water in the tray was
cleare The worms were ploked out and washed in normal saline and
then transferred to clean distilled water or normal salinee Eggs
were obtained after being discharged by the living worms or, in & few
oases, the gravid worns were transferred to a olean slide to let them
discharge their eggs, whioh were then used for our experimental worke
Most of the worms oollacted from enems specimens were not fully
dmnlopod 30 that the eggzs obtained from them were not very satisfaotory
for the hatching test boosuse most of them were immsture. Frequently
the eggs did not develop at all and somotines only a smll portion of
then developed. In cnly & few omses did the eggs dcvolop- very well,
Although this was not altogether satisfacbory, it was the only way
available for us to obtain material for experimental worke GCravid
feanale worms were selocted and used for the following experimentas

(1) The oggs wers dissested cut from & gravid famnle
E. vermiculeris and incubated in wmter at 23°C for 10 hours, Vermie
form enlyyos developod in all of thom and weny free lorvie wsre seem
moving activoly in the water, Lcre timn 100 eggs wers oounted, of

which 11,7 per cent were empty shells, 2J¢1 per cent were in the not
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of hatohing and 53.2 por cent were unhatched eggse Five hours after
this counting, the freo larvae wers dsade After L2 houra incubation,
there wers 85.5 per cent ampty shells, 1 per cont hatohing and 13.95
per cont unhatched eggse After a total of 66 hours inoubation, 98
per coent ampty shells and 2 per cent unhatched eggs remained,

(2) 150 ogzs discuarged by & famnle B vermioularis were
incubated in water at 37°C for 16 hours at the end of which time
55 por cent freo larm.'a&;por cent haiching and &, per cent
uphatched eggs were founde After 30 houra inoubation, all the eggs
had hatched out,

(3) Eggs discharged by a female worm wore incubated in normal
salins at 28°C for 77 hours, Only a mmall proportion of the egzs
developed verniform embryos. A few were hatching and there were a
fow actively moving free larva,

(L) 200 eggs diseharged by a famale E. vermicularis in normal
saline were kept at 37°C, 19 hours later, 31 per cent and, £3 hours
later, 58 per cent of ths eggs had developed vermmiform embryos but
no free larvae nor smerging larvae were found, After 122 hours
inoubation, 3 per cont empty shells, 1 per cent hatohing and 83
por oent unhatched eggs were found,e

(5) A few oggs omtaining vermiform enbryos were transfarred
to Qifferent concentratlons of seline and insulated ot 379C for 23

hours. The resulis wors 3 followai=
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&) In 0,85 per cent saline, 7 free larvae wers found and
3 of them were moving actively,

b) In 0,65 per cent saline, 11 free larvae were found and
2 of them were noving actively,

©6) In Ou5 per ocent saline, 27 free larvae were founds
3 of them were active,

d) In 0,25 per oent saline, 11 free larvae wers found;
3 of them wers active,

(6) Eggs containing vermiform embryos were used to oarry out
the following experiments:

8) The eggs were transferred to 50 per cent artificial gastric
Juice in distilled wmater mand i.nouhbd at 379C for 17 hours, All of
them hatched, producing free larvas which moved motively.

b) The eggs were transferred to /50 hydrochloris acid solution
and incubsted at 37°C for 16 hourss Kone of them hatched out but
after &) hours incubation, 7 free larvas were found.

0) The eggs were transferred to M/25 hydrochloric acid
solutione 16 hours later, no free larva was founds After &, hours
inoubation at 37°C only one free larva was found,

The above experinents (b and o) on the hatching of the eggs of
E, vermicularis in dilute hydrochloris acid sclution were repeated,.
O this ccoasion, the eggs were discharged in water and inocubated
at 379C for ons night but no development of vermiform embryos took
place, On transferring them to & plece of wet filter paper and

inoubating for another night, embryos developed in & few eggs. These



-2Pw

were transferred to two dilute hydrochlorie asid solutions (N/50 and
¥/25) and inoubated at 37°C, 23 hours later, 17 free larvae were
found in the Pirst solution and 3 in the sscond. Nane of the larvas
were notﬂo. '

1 Eggs containing verniform embryos were transforred to &
0.5 per cent modiua bicarbonate soluticn and incubated at 37°C for
17 hours. One fres but inotive larva was found and several oggs
were in the sot of hatohing, The experiment wes repeated under the
seme oonditions exoept that the incubation period was 23 hourse 10
free larvas were found but they were not movings "

(8) Rggs oontaining vermiform embryos were transferred to .
0.25 per cent sodiwm bicarbomte solution and incubated at 379C for
17 hourse Five fres larvae were found but they had no movemente

(9) Eggs odntaining vermiforn embryos were iransferred to

human sweat and incubated at 37°C for L8 hours. At«cn-txinc
hmomotonnawtnorrnm.

(10) Eggs comtaining vermifarm embryos were transferred to
human serun and inoubated at 37°C for 17 hourse No larvae hatched
oute After 73 hours and 93 hours incubation, the embryos were still
in their shells. The experiment was repeated mnd ;;\v- the sane
resulte

(11) Eggs containing vermiform sabryos were transferred to
10 per oent albumin in water and inoubsted at 37°C for 5 hours. Iwo
free larvae were nmoving notively. £3 hours incubation produced 9
free and 3 mmerging larvase The larvae lived for 16 hours,
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(32) To determnine whother eggs aontaminated with urine ooculd
hatoh cut or not, we carried out the following experiment. Fggs
oontaining vermiform emb'ryos wore transforrsd to a slide and dried
for 3 hours. They were then niolstened vd.th':lmral drops of urine
and the slide was put in & Petrd dish containing several c.c. of
water to prevent the evaparation of urine. After incubation at
379C overnigh®, three emerging larvne wero founds Two days inoubation
produced ane free and three emsrging larvas. Many of the eggs did
not hatche o A

(13) Segmented eggs discharged by a gravid female E, vermioculsris
were transferred to a plece of cellorhane. This was placed on the
right inguinal region of the amuthor, so that the eggs were in oontact
with the skin, The cellophans was then covered by same cotton wool
and & piece of paper which were held in place by 3 strips ofu@oliﬂ
plaster and left far 2; hourse The cellophans was then removed and
& plecs of Scotch taps was applied to the area to recover the eggs
from the skine To prevent infeotic:, the skin was sterilired with
alochole Eggs containing vermifom embryos were found in both the
ool}o;hmt end Sootch tape but there was no evidencse of emergence
nor of fres larvase

OBSERVATIONS ON THE BIONGMICS OF THE
1ARVAR OF ASPICULURIS TETRAPTERA.

About 30 eggs of A, tetraptera were transferred to 0.25 per cent
saline and inoubated at 37°C, 17 hours later, L free larvas were
found in the solution, After £1 hours inoubation there wore 7 fres
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larvae, | of them noving utivoly. The unhatehed eggs were removed
andathmrdl the larvas were anuhrlyut two~hour
intervals. 0&0!‘610 seven larvas lived L)} hours while three of
them lived 28 hours. On the first day they moved actively but on
the seoond day they were sluggish, In two other observations, 7
larvae lived for 25 hours but were not very active,

It was observed that larvee emerging from their egg shells have
active movements which later beoome abated, Sinoce we thought that
this phenomencn might be caused by the lower temperature during the
tine of exaninmation, further cbservations were therefore made on &
\y;; stage,

nmolutdudino.?jporomtuumwmmmrcmdh
saline on a hollow slide and oovered with & oover glass, Vhen the
slide was put on & warn stage kept at about 359C, the larvae were
seen to curve and straighten sotively dut they did not nigrates

~ Measurements were nade ;tl\inmh on two larvas with the
following results: .

¥irst measurement:
Noo 1. length 131,75 3 width 23,375 3
Length of oesophagus 5585 o
No. 2. Llength of cesorhagus 55.25 3
Length 136,00 3 width 2855
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The slide was thon put into a Petri dish containing a Lfew
drops of water and kept at 37°C for 18 hours after which they were
measured again,

Second méwt: .
| Noele lemgth US55 width 23035 3
hnsﬂx of ”'OPI‘E“‘ 55025 .
Nos 8, Length 165.5 3 width 25.5 3
langth of cesophagus 55425 .
Their movement at ﬁdt tine was alug’ginh. They were muhntodv
at 379C fmf another 2 hours and again mgurod.

Third measurenent: : -
- Noe'ly length 170 3 width 23375

Noe 2¢ length 162,75 - ; width 55
These two larvae had died and were somewhat dogeneratee ZThe

posterior onds of the oesophagus in both ‘were not olear and this
strusture could not be neasureds = -

Enother two larvee were transferred to a hollow slide from 0..5
per cent saline and kept at room temperature, ZThese had very sluggish
movenents and did not inorease in size even after 30 hourse

THE HATCHING OF THE BOGS OF ASPICULURIS
TRTRAPTERA ON THE MOISY COTYTON ¥iQOL SWABe

The hatohing of the egge of A, tetrapters in different sclutions
has been denocnstrated above. It waz of interest to ascertain alse

whether or not they oan hatch out on a moist surfuce, sc & series of
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tests was plamed to investigate this probleme An NIH swab tube
was used in whioch the cellophans wag repleced by & pieos of cottom
wool at the and of the glass rode It was moistened with & drop of
025 per cent saline and kept moist by about 3 0.0. of water which
was poured into the test tube. Igzs of A, tetrapters, just isolated
from mice fasces, wers transferred to the cotton wool swab which was

then replaced in the test tube but was not 4n contact with the water,
In 811, four tubes were prapared and inoubated mt 37°C. After 2
hours about 1 @.0¢ of normal saline was drépped on o large slide and
the cotton wool swab from one of the tubes was gently stirred in it
td wazh the eggs onto the slides Vhen sxamined under a binocular
nicrossops 1t was found that the egss had developed to the verniform
embryo stage but no froe larwvae had hatohed, After I8 hours the
secand tube was examlneds 3 freo larvee, 17 mmerging larvee, 3 eply
ahent;‘29 enibrymtad ezgs and 3 unembryomted sggs were found.
After 72 hours, the third tube was exanined and 13 fres larvee, 30
emerging larvae, 12 eupty shells, & mbrymtod oggs and 10 unembryon=
ated eggs were found, Aftsr 96 hours the fourth tube wes examined
and 13 fres larvae, 31 emorgences, 13 empty shells, 60 embryonsted
egzs and 3 unembryonated oggs were found, |

THE HATCHING OF THE BGGS OF ABPICULURIS
TETRAPTERA Of THE S8KIN OF A VOIUNTEER.

Although the eggs of A, tetrmptera were thus shown to be sable
to hatoh out on & moist cotion wool swab, it was still not certain
whether or not they oould hatah on moist skin, Three experinents
were carried out to ascertain this.
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EXPERTUINT To
About [0 Begmented sggs of A, tetrapters were applied to the

loft forearn of the author and werwa vovered by & pilece of cellophuns
which was overlapped by & piooe of cottonewools These wers held in
posiﬁon with adhesive plastor. 18 hours later eubryos had &emloped
in the shells Lut no fres lammt‘mnd.

EXPERTMENT 2:
R&gn‘ of A, tetraptora (Just 1solated from mice fuéoen) were

mnafmodto;ﬁimoroQHoMbymoralwp. In sams of
themt vormiform embryos had formed, while oﬂuu-n wers still in the
«mtod stages Xo rr:e larvae were prount. The oellophane was
then attached to the right inguinal region of the author, covered by
& plece of oottom wool and held in positiom with sdhesive plastors

1i2 hours later, 75 eggs were found on the oollo;b&ncbﬁtthnrom
no free larvee. Same oggs had a dogononh RPPeArances Ay remaining
oggs or larvas adhering to the nnnmmhymotsoo‘boh
tapee L0 egzs but not free larvae or empty shells were found in &1-4
way,

As a oontrol, other oggs from the same batch as used in the
above experinent were applied to a ootton wool swab moistened with
saline, They were incubated at 37°C and L2 hours later they had
hatchede

A third experinent was carried out using the seme method exvept
that the eggs were applied to the skin for an extended period of
67 hours, The results wers also negative.
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TIE HATCIING OF TIHE EGGS OF ASPICULURIS
TETRAPTERA IN THR ANAL CPENING OF A VCLUNILER.

As shown above, the egzs of A, tetraptern would not hatoh on
human siin either of the forearm or of the :lngginﬂ regions It was
thought possible, however, that they night hatoh in the anal region,
A series of experimenta were oarried out to determine this,

NXPERINERT T.

Bggs of A, totraptera were isolated from mice facves and cultured
in water at 24°C for L days. 371 egés were tranaferred to & pleco of
oollophsne which was inserted into the aml opening of the author at
12 noan on January &th, 1950. * 22 hours later the collophoano was
taken ocut and put on & drop of water on & slide, Another drop s

added to the surfuce of the cellophans and covered by & coverglasse
On exanination, three eggs of A, tetraplora were found, one with &

vernifora enbryo which had degeuorated to half the normel sire, while
the othor %o had & normml appeareansces

EXPERDONT B,

* In the second experiment, egss of A, tetrapters were cultured
at 85°C for 66 hours. A large mumber of them was transferred to &
rlece of oellophane and examined under & binooular microscope, Yo
froe larwes or emerging larwe was founde The oollophane was
inserted into the anal opsning of the author. 4 small mmber of

the mame batoh of ezgzs was transferred to 0.25 per osnt saline and
incubated at 37°C as & ocntrole 2 hours later the cellophaus was
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removed, The aml region was swabbed by an NIH swib and any
remaining eggs or larvae were removed by & pleoe of Scotch tape.
A few drops of 70 per cent alcchol was put ou & slide. The
cellophans was put into 70 per oent aloochol en & slide, covered
with a coverglass and exsnineds One larve, two emerging larwee,
two empty shells, 13 eggs containing normal vermiform embryos
a.mlmoggﬂﬁxudcgmteduhryom&otm. tn the NIH
ub.a%%mwummm-mmmmm
were found and on the Sootoh tape smb, two enpty shells and 8
ozgse In the control batech of eggs Mept in 0,85 per cent saline
there were several free larvae,

EXPERINENT 3o

Eggs of A, teirapters were isolatsd from mioce faeces and
cultured in water at 25°C for cne night after which time they
developed vermiform enbryose They were transferred to & pleas of
oonomm-nu'imdtommmtmfrnhmmmm
larvae were presents The cellophane was inserted into the aml
opening of the same voluntoer and 2l; hours later it was talen out
and put in 10 per cent formalin solution. Any other eggs or
hmmmmmumwmwﬁbymot
Ssotoh tapse 12 empty shells (Fig.}) and 30 eggs of A, tetraptera
were found on the sellophane and 19 eggs on the Scotoh tape,



Egea of Aspiouluris btetrapters hatched

out in the anal opening of & human

e IHapty shells are showne

wol
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RXPERIMNTS ON RETROFECTION IN
ASPICULURIS YETRAPTERA.
%o investigate the possible occurrence of retrofection of
A, tetraptera in s mouse, & special onge was designed (see Pig. L)
to immobilize and to prevent it licking its anal regione The cage
was one inch in height and width, four inches in lemgth and was
‘made of perforated zine with a 1ide'of the same mmterials At the
frout part of the 114, two holes wers nade +o suppy food and waters
A funnel containing wheat was comected with one hole in the oage
so that the mouse could eat contimnlly, and u tube of water was
comectad with the other holes A hole was made at the bottmm of
the back of the oage so that the faeoces of the mouses ocould drop out,
and ancther one at the front for cleaxing cut wasts foode At the
back of the onge & mmall hole, through which the tail extended, was
made. The oage was fixed down on & wooden base and the tail of the
mouse was also stuck to it by a piooo":’:’t adhesive plastere In this
way the mouse was immobilised bus very ompletely housed,

EXPERTMERT I.
Eggs of A, tetraptera were isolated from the faeces of six

infected mice and incubated in distilled water at 259C for 19 hoursy
after which time they contained larvae but the larvae had not
enarged from their shells, On Jamary 12th, 1950 at 12 noon &
large mmber of these eggs was applied to the anal region and
waginm of a mouse (No. 18) whose faeoces had been repeatedly examined
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both by direot mmear and by flotation technique for one month and
had proved negative for A. tetrapters eggse The mouse had been
starved for 18 hours to reduce its bowel movement and during the
experiment 1t was Lmobilized for LS hours in the spooisl cage
described above which had been sterilized in boiling water for 10
mimitese It was then killed and 1‘@ anal region was dissected out
for examinatione The anus was washed in u‘mu quantity of 10 per
cent formalin which was exsmined under & microscopss Iwo free
larves, one empty sholl and om ogg were faumd, The colon was
opened in & Petri dish acntni.ning several ¢,0. of normal saline,
Three larvas of As tetrapters ‘wers found, ons of which is shown in
Fige 5S¢ They measured as follows:

1) Length U8 , wiath 17 .

2) Length U8B , width 19,12

3) length U5 , width 17 o

Cascunm, small intestine, stammch and cesophagus were negative
for parasitess Vagima, utorus and bladder were also dissected and
exanined but all were negative,

EXPERIMENT 2,
Eggs of A. tetraptera were isolated from the faeces of six

41 ected nioe and oultured at 259C for 18 hourse
No. 16 mouse was kept in a round glass oage from Docember £22nd,
199 omwerds and its faeces were repeatodly examined both by direct
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in the colon of mouse No, 18 (Experi-
ment 1), Infective eggs had been
applied on the anal region of the
mouse for L6 hourse.
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smear and by flotation technique. It was proved negative for
parasitio eggse The sems mouss was starved from Jamuary 16th, 1950
at 5peme for 17 hours to avoid the discharge of large smounts of
fasoces, On January 17th, &t 1l0u.e & large number of the eggs of
A, tetraptere propared as above were applied by & loop to the anal
region of this sane nouse which was Lmriobllized in the cage already
desoribed, It was fed on small umounts of wheat and water for 7
hours and £inally killed by chiloroforme

The digestive truct was carefully exanined, From the colon,
five larvas were found and ons of them is shown in Fige 6 Thelr
sizes were given asgi~

1) Length J.N;.S/u_. width 1'I/u_..

2) length Uk 1, width AT.c .

3) Length 18 i, width 2142 0.

) Length 157-25/0'... width 21.2?“—

5) Length 212 1 o width 55 .

From the caecun one larve was found, Its size was measured asi~

Length 180« , width 22,2 0c .
Anus, rectum, amall intestine and stomach wers examined but

all were negative,

EXPERIIIENT Jo
No. 20 mouse was kept in & swall round cago from Jamuary 27¢h,

19550 omwrdse Its freces were repoatedly examined both by direct
muear and by flotation techniquee It wos proved negative for any
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Lerwe of Aspiouluris tetrapters found
in the colan of mouse No. 16 (Experie
. ment £2)s Infective eggs had been
nouse for Tl hourse
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parasitio eggs. From Spame ondarch 6th, 1950 it was starved for
18 hourss Its anal region was then wetted with 0,25 per cent salins
and a largs mmber of oggs of A, totraptere were applied to the amus
by means of & loops  The egse hid been isolated from the fasces of
six infected mice, Some of them were cultured at 25°C for 130 hours
and the others at 37°C for’18 hours, After applying the egzs to the -
aml region, the mouse was imnobilised by the technique described
above. It was fed on wheat and water for L8 hours and then kdlled
by chlaroforme On exmmining the digestive tract carefully, two
larvae were found in the colon and ‘their measurements were as followst~
1) Length 135 .. 3 width 17 3 cescphagus and buld 51 « o
2) length m'};;,; width 15, 3 cesophagus and bulb 595 /(e
The omscum oontained « singls larva whose measurements weres
Length 153 13 width 19.125 (o 5 eesorhagus and bulb 573754
The roehu./’mn intestine and atomach wers ocarefully mimml
but with nogative results, From the anmus, one egg of As totrapterm

was recoversds

EXPERINENT Lo

Mouse No. 8 was fed in a small glass oage from September 22nd,
19,9 amards. Its fucoes were collected woekly for exsmination by
direot smear and flotation methode. It was proved to be free of
parasitic eggs. On November ljth, it was Limobilised in & oage and
three thousand eggs of A, tetrapters which had been cultured in water
at 25 for 6 days were injected into the amus,
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On Hovenber 15th itis faeces were sxamined by direct smear and
one egg of Ae tetraptera was founde On November 16th all the feeces

dlscliarged by the mouse were oollected and exmined by flotation

method, and eight egps of As tetrnptera were recovered, On November

18th two eggs were recovered from the fasces by the flotation
methode Subsequent examinations wers negative. The vermiforn subryos
of these ogzgs appeared to be viable and no empty shells were founde
On the morning of November 28th the mouse was found to have
jummed itself in the cage in attenpting to twrn round, Vhen it was
released it was in a oritiocal oonditione It was therefore removed
to a 1a yge round glass cage and three hours later it had recovereds
On November £Gth 1t> was chloroformed and its abdominal wall
was openeds The alimentary canal was removed and the oontents of
the oesophagus, stomach, mmll inteatine, casoun and oolen were
examined separatelye In the colom two immture A, totraptere were

found which measured as followss
1) length 1152 . 3 widta 102 (.3 length o oesorhagus 276.2/5’,4_3
Langth of tail (from amus to the posterior end) 1146.2§M.
2) Langth 116 3 width 9TeT5 .. 3 Langth of oesophagus 1E5eT5.s
Length of tail 110625 v »

EXPERIMENT

Mouse No. 15 was kept in a round glass oage from December 22nd,
19,9 cvmrdse Its faeces were examined every week by both direct
smsar and flotation technique snd proved to be negatives Cn Jammry
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2lith, 1950, 430 eggs of A, tetrepters were applied to its amnl
region, These eggs had been isolated on January 25rd and incubated

at 25°C for one nighte Aftor being immobilized for four duys in
mwhlm-&omlngimmdmhursmthobum,
sbdamen and postericr legs wore sterilized with & 10 per oent formalin
solution and the mouse then released and fed in o glass onge, Its
fasces were sxanined but no ezg was found up to April 3rde On
April Lth MmhwaMn large mmber of eggs of
A, tetruptera were agnin applied to the anal region of the sane
mouse and 1t was immobilized in the speoinl ocage. Tho eggs used
for this experiment had becn isolated fram the fmeces of six infeoted
nice and incubated at 37°C for 16 hourse The special omge used to
4mmobilize the mouse had been sterilized in boiled water for ten
minutese

In the special cage 1t was fed with cats and its appetite was
vory goods On April Gth it was released and fed in the glass cage
after being oleansad with formalin as described above. Up to
April 26th, its faeces were nogative but on May S5th, two A, tetrapters
eggs wore recoversds

On May 8th, the mouse was chloroformed and the colon, casows,
mmall intestine and stamach were carefully examined, Six adultsr
femalo worns of A, tetraptsre wers found in the colons no other

parasites were present, They measured as followsiw
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1) Total length 3726/4. 3 widath 252 43 cesophagus 150 e
2) Total length 3726 U3 width 261 Yol oesophagus 126 6 e
3) Total lemgth 367 w3 width %/kz.maomw hhl/w-
;) Total length 3366 3 width 2&3/u 3 oesorhagus 1&32//&0
5) Total lemgth 3600 i3 width 252 i3 oesorhagus L68 1o
6) Total length 3070 w3 width 225 ro3 oesophagus 150 /L.

EXPERIMENT 6,
Mouse Noe L0 was kept in a sterilised round glass oage from

Narch 16th, 1950 cmmrds. Its fusces were exanined weekly both by
direct meear and by flotation technigue and proved negatives On
April 12th &t 1.30p.e Ae tetraptera eggs which had been incubated
at 37°C for 18 hours were &pplied to the anal region of the mouse
which was immobilized for three days. On April 15th, its aml
r.gion..‘ﬁlo hairs of abdmmen, buttook and hind legs were storilized
with 10 per cent formalin and it was then transferred to the round
glass cagee
On May 12th, one egg of As tetraptera was found in its fueces,

On May 15th, the mouse was ohloroforned and its alimentary tmot
was carefully examined, From the colon three adult female A, tetraptera
weire Tooovereds (ns of them had been out into two piges during
opening of the intestine, The other two neasured a8 followsi=

1) Length 390564 3 width 180 « 3 length of oesorhagus 13l e

2) Length Lol i 3 width 207 w3 length of cesophagus ua,u



- 37~

BXPERIMENT 7o

On March 16th, 1950 mouse lo. L1 wan isolated in a sterilized
round glass oage, Its fucces were exmmined weekly by both direot
smear and flotation technique and proved negative. On April 12th,
egzs of A. tetraptern isclated from mice faeces and incubated at
37°C for 18 hours, were sapplied to the amal region and the mouse
was immobilized. 'm April 15th, it was released from the special
cage and after aterilizing its aml region, the hairs of abdmmen,
buttook and hind legs with 10 per cent formalin, it was transferred
to & round glass cages On May l6th, tcuf oggs of A, tetrapters
were found in '.lﬁ fasoces, The mouse was chloroformed and its
oolon, caecun, muall intestine and stomach were examined, From
the oolon, four females and two male A, tetrapterae were recovered,
They measured as followsi~

Fenmles:
1) Length 1176 « 3 width 199.8 w3 Length of oesophagus Ll v e
2) length h122/,u.: width 20146 w3 Length of cesophagus 395 e
3) Length 3906 /3 width 216.9,% 3 Length of ocesophagus 152/{»; .
L;) Llength 3&9/% 3 width 162.9 W3 length of oesophagus 387 (C.e

Jnles:
1) Length 3141 .3 width 15,0 (i3 Length of cesophagus 315 , e
2) Zength 320l i3 width 153.0 «j Length of ocesophagus 360 . .
'
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CONTROL FOR TIE EXFERIMENTS ON R EYROFECTION
IN ABPICULURIS TETRAPTERA.

Pron llarch Tth, 1950 owards, mouse lo. 35 was isolated in a
sterilized round glasa oago. Its fneces were examined weekly by
both direot smear and flotatlion technique. XNo egg was found, On
liay 18th, the mouse was chloroformed and its oolon, oseoum,
intestine and stomach were carefully examinsd but no parasite was
found,

Although only one mouse was used as control in this experiment
the toum six mios with negative results, in spite of expsrimental
attampts to induoce retrofection, may be regarded as additiomal datm,
On 8ix cocasions eggs in the infective stage of A, tetraptera were
applied to the anal region of mice (Noss 10, 12, 17, 21, L5, 56)
whiich had been exnmined for & period ranging from L to 12 woeks
and proved negative to matural infeotion of 4., tetrupteras Three of
them were killed to matigah vhether larvae of 4, tetraptera were
present after 2 to 7 days upplioﬁtion of eggs, but no larvas or
adults were found in the alimentary camale Subsequent examination
of the facces of the other three mioce for oggi were negatives These
nice were ki1led at the end of 5 weeks or more and the alimentary

traoct oontained no larvao or adults,

THE PROBLEM OF INTERHAL AUTO-INFECTION
OF ENTEROBIUS VERMICULARIS.

The theory of interml auto-infeotion was propounded by Vix
(1860) (vide Seurnt 1920) who had sesn scme larwee in oourse of
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hatching in the reotal muccea, 5till (1899) atudied £00 autopsies
of children under 12 years of agee Oxyuris vermicularis was found

in the intestine in 38 oases (19 per cent). In 25 cut of thone 38
cases, the worn was found 4n the appendix, He conoluded that “the
generally aocepted view that every single ovum of Oxyurie vermioularis
mst be swallowed before it oan be hatched 48 at least open %o doubt
and there is & strong probability that the appendix vermiform serves
4n some oases &8 & breeding place for threadworms,” His thecry was
based upon the following two findings =

(1) 3ost of the young worms were found in the ocolon and omeoum
and only once were they found in the lower end of the small intestine,
He stated, "I have found yamg threadworms onoe as high as L5 inches
above the ileocnecsl valve and two or three tines I have sesn mature
worns either just above the walve or in the last few inches of the
uotn.butn@tﬂndmmbmmmpumuw‘upm.mf

(2) 1In five heavily infected oases, the hands were left urmmshed
after the night's rest, The dirt om the finger ends and under the
anils of all the fingers was then saraped off and exanined mioroscop=

joslly, In three of the cases on 2 cooasions and two of them ouoce,
the result of the sxamination was that o solitary ovum was found
in the dirt under the mail of one ohild out of the five, On further
irvestigation, the results were the ssme. He stated that "It might

be ndded that although there is experimental evidence to prove that
the swmllowing of the ow is followed after & few weeks by the
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appearance of threadworns in the fugoes, the proof that every thread-
worn that is:passed from the bowel hag:bean introdused in this way,
ia yet to seek,” ,

- Rodersmldt and Rookesanm (1921 ).reported the eame of & 21 year -
old girl, from whose diarrhosis stool yowng Oxyuris vermioularis

" larwe ware found forr 11 consecutive. days, ' The author:proposep
two possidle explamatioms =

(1) The patient may have re=infected herself by ingesting an
adult female worm and the developing larvae have passed straight
through tha gut on acoount of tha diarrhoea or (2) develoment of
the oggs may hawe ogourred in the intestine in Sntermal muto=infection
without the eggs having first passed to the axterior, the larwvee in
this oass finding their way ¢o the sxterior owing to the diarrhoea,

The authors oconsider that the first sxplammtion is not probable
because during the 11 days no adult female was found in the stools
and if the adult worm had been ingested befors the examination of
ﬁ;g‘ﬁm was ocmeenoed, the larwes in the diarrhoeios stools towrds
the end of the 11 days would have been more developed than those
found at the begluning, which was not the oase,

Xoch (1925) stated tha$ the eggs of Enterobius vermicularis
wers able to hatch and produce internal re-infectien,

langhans (1526) found that larvas or dead adults of Oxyuris
vermionlaris occuld be found in diarrhoeic stools,

Inbienieckd (1931) stated that there are individusl differences
in patients so warked that in many, but not in all, Oxyuris
multiplies without leaving the gut,
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Zawsdowsky and Bchalimov (1929) studied the developmsnt of the
eggs of Batercbius vermioularis and concluded that since threadworn

Javerobius Ver oM
eggs oamot Uevelop beyond the tadpole stage without oxygen and sinoe
this is absent in the gut, auto=infection was impossible.

Ball and Crum (1930) stated that “Evidence that Entercbius
yermioularis may oause auto-infeotion by reproduction of successive
generation within the host is -1nekdnge”

Heller (19,4) oarried out an cbservation on Entercbius
vernioularis and Passalurus azbipuus to find out whether internal
auto=infeotion takes place and oonocluded that the results obtalned

sqamed to show that in Oxyurids, internal auto=infection is impossible.

Faust (1949) stated in his “Hman Helminthology" that, “As
previously stated, there is no oonvinoing evidencs of interml
auto=infeotion."

Brumpt (1949) who discusses this question has expressed the
opinien that the known facts do not permit belief in a mltiplication
of the parasites in the intestine,

We thought that it would be interesting to tackle this problem
experimentally so the following test was omrried oute

8ix maturally infected mice were transferred to an emply glass
oage and they were only allowed to drink water for 17 hourse Faeoes
were oollected from the oage for isolating eggs of A betraptera,
The oggs were exsmined under the microscope and it was found that
w.—bry«mmhmmﬂuir shells exoept i of them
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eontaining mmll verniform embryoss ZThey were mixed with about

0.2 9.0, of water and injected into the amus of s mouss (Nos 25)
with & smll blunt pipettes The pipette was inserted into the

ams about 1 om, ' The mouse had been repeatedly examined and it

wais proved that no egg was found fron its fasces, It was starved

for 22 hours to reduoe the frogquency of bowel movemente After
injection; the mouse wms irmobilired in a special cage to prevent 1lts
sating its fueces, It was fed with a-small emount of foods It dled
20 hours later, The anus, colon, ceecun, mmll intestine end

stomch wers examined and no eggs of A, tetraptere wers founds The
fascas contained in the intestine were exnmined by flotation technique.
One egg was found but its appearance was like those of Mwﬁon.
except that the shell was lightly shrunkens Five eggs were found

from the discharged faeces, two of them like those of injection,

Two oggs were slightly developede One egg developed but had not
reached the vermifom embryo stages Aoccording to our previocus
experiment, the ezzs isolated in the above mamer oould develop into the
vormi form embryo siage within 17 hourse But in this experiment, the
egzs 414 not develop in the intestine even 20 hours later, This may
be an evidencs that the eggs of Oxyuris camot develop in the

intestine,
Another theory of internal auto-infection was propoundsd by

Penso (1932), He studied Oxywris ambiguus in the rabbit and found
that 1t discharged its oggs under the intestinal sucosne le stated

in Enterobius vernloularis, penetration of the mucosa for purposes

Pl dhacbu i A A A e
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of egg=laying may therefors by assuaed to be not umisuale The
suthor ooncluded that suto-infection is not sufficlent to explain
the tenmoity.and duration of Oxyuriaeis and that the worms oan
mltiply wilhout at any time leaving the body of the hoste On this
view the adult phase and the period of coitus ocour in the lunmen
of the intestine and the egg=laying and larval phases are in the
mustiml nu. ' The amal migrations of gravid ferales are to be
axplaimd as ensuring the diffusion of the parasite from individusl
40 individuale

Penso (1933 ) brings forward, as oenfirmation of his view that
Oxyurids cdnplm their 1ife oyole in one host, & statement by
Vietsel (1931) that in Dermetoxys welizern of the hare he has demone
strated larvae in the thialkness of the mwoosse DBut while Vietzel
peliaved that the larvas were entering the mucosa, Penso 1s satisfied
that they were doing just the reverse.

Fenso (1975 ) calls attention to the importance of the lifew
oyols of Oxyuris, end reitsrates his heorys

Fendt (1936) found that the oggs of Enterobius vermicularis
could not develop in hydrogen or oarbon diexide, le conoludes that
oxygen 18 essential to thelr develoment, Ho aduits that sufficlent
oxygen might be present within the intestinal wall but urges thad
demonstration of infectivd oggtandlnrnll‘hholinthomoo.a is
necessary before the theory oan be aooeptede

This theory poses two problems = (1) Does Eanterobius
versloularis discharge its eggs in the intestinal mucoss and (2) Can
the eggs of Enteroblus vernicularis develop and hatoh out in the
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$1ssue? Conocerning the first point, we think that it is' pertinent
$o review the literature {o see whether eggs have been found in -
Hie intestinal micosae ~Comderning the second polint, we thought
that 1t would be intéresting 4o carry out an experiment to find cut
whether the ozgs oan develop or note

-

m OF THE mmg_uy;,.
7 Ceat1 and Buskley (1912) studied 129 cases of appendicitis in
;nnaron. ) '.B:oy fomd that in 17 of then the appendix oontained
m- wrniwhru. In 'bvo mul, m wmiws m rouxul
in tho nncou. In ons of ﬁxcn hytum Oz;mril ws to\md omplntoly
.m.p.uhm in mmm thm. Invasion of lyaph folllole by &
mumquritwu fo\mdinmthor seotion. !horowmminnm*bory
ohsnges in the tissus surrounding the parasite. ‘No ogg was found in
the tiamo 4 . -

Imes and c.apbon (1911.) -euuoa 100 appendices from cases of
appendioitis and fonnd that 17 were infectod with Oxyuris vermiocularis,
Sinoe they did not oarry. out hutologioal mnimtion. vo did not
knowuhoﬁxor ﬁxm were egzs in ﬁxo ti.uuo or not.

Harris and Browne (196) fwndza cases 1nfoctodwiﬁx
Oe vems.ouhrn in an unintwrupm spquance of 121 cases or operntive
appondioith. I’roll tho M« oonhinod in the appcnd:l:. they found
m_oggainﬂw cam. Inumnhorofimhml. the worns were
found burfed in the miccsa, At times cnly the head of the worm had
penetrated and at others from one half to three quarters of the

pematode had entered into the mucous membranse The parasites had
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produced marked uloeratione. The epithelivm wne totally destroyed
and at times excavations had ocoourred underneath. The destruction
of tissue extended through the sutmooss and involved & portion of
the musculsture. They stated that “Occasionally in a section, an
onun of the Oxyuris is found deep. in the smoosa, Vhile it is
possible that these may have boen sxpressed from the parasite, the
ebsencs of the latter in the adjmoent serial structure renders this
less 1ikely." Ve thought that the.omm found in the deep muoccss,
pay have roached there through the uloerative lesions, It is well
Jnown that the female Oxyurids discharge & great mmber of eggs
within & short time, The finding of & single ovnum in the muocoss
oarmot be resconciled with its being discharged by the female worm
theree -

Gordon (1933) atudied 26,051 appendices received for routine
diagnosis at the pathological laboratories of the University of
Michigan during the period from July lat, 189l to October 3lst, 1932,
The specimens were obtained from mi.dam'bl of Michigan State, Ho
found 311 appandices (1.19 per cent) sontaining Oxyuridse ' The
parasites were prosent in the lumen alone in 256 instances (82431 per
cent)e In 22 others, however, while Oxyurids were presext in the
Junmen, they were slso intimately mssooiatod with the mucosse In
this group the rmoosa showed shallow half moon=shaped depressions
approxinately oorresponding in size and shape to the worms. Of the
remaining 33 appendices, 17 had pinworns both in the sulmucosa and
in the lymphold f£olldcles, 12 contained then in the sulmucosa alone,
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and i in the 1yn;hcid folnolu onlye Evideno- 1: adduood to show
that in those 33 appondioes,, pemtmtions ocourrod after operntions
in mry ﬁm’amce. Ka ab.tod ﬁw.t "In no instance was there any
sign of & nore mero or ud'vanood dogroe of 1nr1mtion at lovoll
contlining the woma thrm at Imla froe from parasitoa. Thu type
of ibm\aian is ﬂxercfm of no paﬁxologio or olinical significance."

Beak (1934 fouma Oﬂmd' in 35 out of 1716 (2,03 per oont)
appondims. Ha exmained the appendices :.nmdiaboly after their
removal to dotarnmewheﬂzer the penetration of Ox,yuridsm e~
oparativo or pos'b-opo:;ntive. !h:o puralitoa were fo\md 40 bs present
in the lunen of the appendix in nll appendices studied, lio oese
were they found in the lynphold follinles or sutmicosa, nor intimtely
rolated to the moosas Seotions mnde nt polnts where the perasites
had boen found did not show the shallow half-moon shaped depressions
or erosioms approximately opmsmndin; 4n sisze and in shape to the
worms; this indioated thnt they had not been intimately rolated to the
micosa, He stated that "Emining the appendices Limediately after
removal by the method I have used tends to confimm this theory of
Gordon'se” |

Goodale (19%,;) investigated & serioe of 1659 consecutive
appendices, 101 (6e1 per cent) had Oxyuris vermicularis in verying
mmbers in the lumen. le did not mention whether or not thers were
ezzs in tho tissue of appendioese
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Ugile (1935) studied appendicitis conneoted with intestinal
parasites, Among 330 appendices, there were 20 (6.1 per cent) with
Oxyurise 7The initisl symptoms indicating acuts &ppendicitis
consisted in irritation of and mechaniocal injury to the muoous
membrans, and were evidently caused by the invasion by the parasites,
They used the mame "Appendioopathia oxyurioa® proposed by Aschoff.
his condition was found in 16 of the 20 Oxyuris oases. In the
other somewhat nore advanced oase, there appeared not only slight
jesicns of the muocous membruns such as fissures and haemorrhages
but also, and starting from these points, an invasion by various
becteria, setting up inflummtion and thus oonstituting appendiocitis
simplex, Among his material, four oxyuris ocases belonged to this
oategorye Acoording to his repert, he did not £ind Oxyurls eggs
in the sppendical wall, '

Warwiok (1935) examined 2,3ll; appendices and found L5 (1.9 per
ocent) containing Oxyurids, In two of thez the payasite was buried
in the mll of the appendix, in one in the moosa and in another in
the sub-micost, The author agreed with Gordon's vonolusion that
the parasites night have penstrated the wall of the sppendix after
fanoval of the organe She stated, “But in this hospital, 1t is the
custoz to plaoe esch nppendix into an ioce~bax directly after remowal
and this mmy acoomt for the faot that only two parasites penetrated
the wall before they were overooms with the cold."



- LB =

Botsford, Hudson and Ghamberlain (1939) found that 71 of 1,33
appendioces removed at the Children's Hospital, Boston from 1929 to
1939 were infeoted with pimwormnse In three cases, portions of
pinworns were found in the sulmucosa. These authors did not
report finding any eggs in the mucosa,

Yiax and Cooper (1941) reported a series of 1,015 cases of
appendicitis and found 8 oases (0,007 per cent) infested with
Oxyuris vermicularise They stated that, "The oxyuris is, however,
also found in apparently normal uﬁpendioo-. in the sulzmocosa as well
as in the lumen, Often little or no inflammatory reaction ;c found
about the oxyuriss but while it may be impossible to demonatrate
¢to demonstrate the point at which the arganimms penetrate the mucosa,
they m supposed to produce characoteristiocally shallow haemorrhagio
uloers in the mucosa,"

Ashburn (191) studied a series of 2,317 surgically remcved
appondi(n:. Oxyurids were found in 18, cases (7.9 per cent)s In
79 of these they were present in the secticned material and in 105
Oxyurids were found only in the removed appondionl contents, Of the
79 oases lhovﬁs Oxyurids in the lumen of the sestioned appendix, 13
showed the worm in ocontaoct with mucosasg in 7 of these there was
pressure atrophy of the epithelium with formation of shallow crescent~
shaped depressions, In & few instances there was a little karyorrhectie
neorosis, but no inflammation or haemorrhage was founds One appendix
showed an Oxyurid in the deep part of the mmcossa, The laock of
inflammation, necrosis or haemorrhags shows that the invasion coourred
post=operatively,
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Reator (19,3) studied 210 appendices and found 10 or L476 per
cent wore infeoted with Enterobius vermioularis, le stated, "As to

vhether Oxyuris vernicularis parasites found embedded in the
appendical wall represents an in vivo or & fixation phenamenon, it

may be atated that in no instance was such & auigration of the
parasites seen in this series in which all mppendices were openod
and emptied in the fresh state bafore immersion in fimntive."

Bijlmer (1946) reported a case of & L6 year-old man who died
after four days in hospital in Rotterdam during which time he passed
daily 10 to 20 thin stools mixed with bloode The pathologlonl
diagnosis was, "Acute ulcerative exacerbation of a chrenic entero-
colitis throughout reotum and colon and same uloers in the ileun
dus to Oxyuriasis,” In eight pieces of the colon with & total ares
of I} square one there were more than 80 worms in aggregation in the
sulmucoss and the subserosae From a mmber of such ploces examined,
1t was estimatad that thers were roughly 10,000 worms in the rectm
and oolon. All the worms were very small, in particular the femmles.
The aversge length of 172 males was 1,550, and of 26 females 1,677 e
Fot one femmls contalning eggs was founds In the submucosa the worms
were oonoentrated around the ulosrs and acoordingly they were oftan
surrounded by large mmbera of leucooytes; scmetinmoes the worms were
lying in an abscess but very often the tlasue did not seam to react
at all to the invasion, No egg was found in the tissus. He atated,
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#1¢ remains unsettled which was pre-axistent, the ulceration or the
4nvasion of the wormse The author himself leans to the first
interpretations” |

Professor Buckley (19,9) denmonstrated a slide of Enterobius
varmioularis in the intestinal walle This speoimen was & section
through the transverse colon of & 56 yenr old Hausa man who died of
gangrens of the lunge A few chronio hyportrophic ulocers were found
in the colon and one of these had apx;lu'ontly been invaded by large
mmbers of adult Entorobius vermioculerise There was no egg or
larva in the tissue,

Acsording to these records, the penstration of worms into the
intestinal wall s not very oamon. The finding of an ovum in the
intestinal wall was enly reported mos (Harris and Browns 1525) and
4% had apparently reached there through ulcerative leslons. Vie
feel that it 1s unreasomable to use this extracrdinarlly uncomon
thenamenon to explain the frequency and temmclty of Oxyurissise

EXPERIMENT ON THE DEVELOPMENT AND HATCHING
OF ASPICULURIS TETRAPTERA EGGS IN TISSUB.
To detorming whother or not oxyurid eggs can develop in tiasue
the following experiment wns performed, First, we incubated the

ogzs of A, tetraptera in penioillin sclution and proved that they
oculd develop in ite Then an infected mouse was killeds From its
colon, nine mature femle A, tetrupters were obtaineds The worms

wore washed with distilled wator and then with penicillin solution
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(100,000 units in 10 ceCe distilled water)s Egzs were disseoted
out in penicillin solution by an ascptic technique and most of them
were injeoted into the abdominal wall of & olean mouse. Next day,
the area of injectlon on the mouss wns examined and no inflemmation
was noticed, 10 days after injecticn, the mouse was killed and the
hairs on the are# of injoction were shaveds The abdominal wall in
the sree of injection was fixed in 10 per cent formalin solution
for tissuc sectlons Unfortumately, fron the tissue seotions neither
freo larvae nor eggs were founde

The remaining eggs dissected out from the female worm above
were incubated in penicillin sclutien at 37°C for controle LB hours
1ater, L5 eggs had developed into vermiforn eubryos in their shells.
5l; eggs were still undevelopeds After 0 hours, 59 eggs had devoloped
into vermiform embryos and 41 were still undevelopeds In the field
observed, five emerging and three free larvao wore founds ifter 94
hours, 60 oggs had developed into vermiforn ebryos, L0 had note In
this field, 16 emerging and two free larvee were found, 9 days later
69 eggs had developeds 31 eggs had not. dmong these oggs, 22 emerging
larvae and 3 free larvee were found,

Although we cannct say mhothor the eggs of As tetraptere cen
davelop in the tissue or not, four points sccu clears (1) the
ocourrenca of &he ogg of Es vermicularis in the intestiml wall is
very wmoamon, (2) the penetration of the worm, Ee vermicularis, inte
the intestinal wall frequently ocours after operation, (3) nobody
has reported finding larvas of B, vermicularis in the intestinal wall,
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() the larvae of E. vermicularis cennot penetrate the skin of a

beby mousoe (Philpot, 192Li)s Consequently it seems that the theory
propoundsd by Penso camnot be acoepbed,

DISCUSSION.
Rodepwaldt and Rockemsam (1921) end Ianghans (1926) reported

ﬂwﬁndinsofymmslnmoorgx_r_hnmiwhrhrrmdhnhuu
stools. They asmmed that they had hatohed in the intestine.

According to our experiments, the explapation seems to be that the
larvee Bre swept away with the diayrheic stool after hatehing in
the anal region,

Iangheans (1926) stated that the larwse of Intercbius vermicularis

had been found in the labia end vagina, From our upoﬁmnﬁ.

eggs of Raterobius vermicularis did hateh in urine and albumin, Ve

believe his finding is possible,
Acoording to Schuffner and Swellengrebel's (199) experinent,

the Jarvee of Enterobius vermicularis can migrate fron the anal
region to the intestine and grow into adultse It is shown that both
the eggs of Enterobius vermioularis and Aspiculuris tetrapters oan
hatoh out in water, dilute acid solution, dilute alknline solution,
dilute artifieinl gastric julce, albumin solution and salinee The
e;gs of the formsr hatch moh more readily in any solutions than
those of the latter. Since the latter can hatoh in the amsl regiom,

we therefore believe that the former oan as wells
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Philpot (192],) Ped Aspiculurins tetxaptera eggs to :ulce mnd 18

hours later found leriwe with an average length of 150 in the
caasewn; 1l hours Imtor she egain found larwvea with an sverage length
of 18], in the cascum; 90 hours later she found larvao with an
average length of 218  in tho largo intestings Che stated that "A
migration from the caceun ta the large intestine ococurred &t sabout

this tﬁm."
In our £irst axperimont on retrofoction, we foumd larvee with

an overage length of ;7,08 in the lurge intestine of & mouse
chen 1t was killed LS hours nfter applying the egga in the amml
reglone In ocur second axporinent, we found five larves with an
averoge longth of 161,15 1in the large intostine cnd one with e
length of 180 in the caooumm. In view of the size of tho lorvao
end the orgen in which they were found 1t secms unlikely that '
inteotion criginated fraa contamdnation by mouthe

In our fourth experiment on rotrofection, four days efter the

injection of the ezgs of Asplouluris tetreptera into the anus of the
mouse (No. B) only the eggs were found in the froces. Iowever, no
enpty challs wers founde This indioates that tho eggs cannot hatoh
1n the intestine. On exeninationy howover, two impture adult wornme
were fcund in the colons The probable explensticon s that during
dofmecation same of tho eggs adhored to the anal region and then
hetched out euebling ratrofection to iake placae.
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Sewaits, D'Antoni, Fhude and Lob (19,0) stated that "The
usual hygienio measures such as frequent houss oleaning, change of
underwear sand bed sheets and frequent bathing did not interrupt
the important trensmission routes of Enterobiuse A cleanliness
periocd of six weeks in cne home did not result in any deorease in
the infeation, The surprising result of an sotual inorease in
inoidence from 38 to 51 per oent shows that the messures hhn daid
not yeduoe the opportunities of infectione Inhalation probably
does not play an important part in this infeotion,” If tranmission
is anly by hand snd by sir, the usual hyglenic measures should
ocontrol the disease, or decreass the inoldence. However, the fuots
are quite differents In this case, if we sssume that retrofection
18 ocourring, it is easy to understand why normal hygienic measures
do not reduce the inoidencs of infeotion.

Recently MoMullen (199) studied the course of a pinworm
infection case, The patient was & L3 yesr old msn, The dimgnosis
was made on 15th Jamuary, 137, Four other members of his family
were also infested with pimworms. A Scotch tape swab was taken
every morning before bathing and defuecating, On 27th May, 1947
the patient left the United Statea for Jipan, Baths were talen at
Jeust cnoe & day and sometimes as many as three were taken in &

2l; hour periode Jwabs were exsmined until 3lst March, 198, During
the period of 503 days examinations were made om all but nine dayse



-56 =

SUMLIARY,

This part of the thesis describes an attempt to determine
the validity of theory of ¥strofectiom and auto=infeetlion in
Enterobius vermicularise The results of observations on the

ot deeh S ettt B e e

development and hatching of the eggs of Enterobius verniculeris
in various solutions are givene

Owing to difficulties experienced in obtaining sn adequate
anount of material of Enterobius vermioularis, it was deocided to
deternine whether retrofection and auto-infeotion oocur ina
closely allied oxyurid Aspiouluris tetraptera of mlove Details
of various methods used for cbserving the develoment and hatching
out of the eggs of Asplouluris tetraptera are givene Zhe hionmmics
of the larvas sre desoribed. It was found that the eggs oould
hatoh out on moist cotton wool swab, in the anal opening of & human

volunteer and the anal region of mice. Infective egzs were applied
in the anal region of olean mioce whiah were {robilized in specially
designed oages bo prevent their furninge On examination after a
few days, ndolesoent forns wers obtained in the colon in four
ocases, After 30 tof;g days, eggs of Aspiouluris tetrapters were
found in the faeces of three experimental mice. On sutopsy, both
female and male adult worns were found in the oolon of the
experimental mice, The experimants prove that retrofection can

ooour in the mouse Oxyurid, Aspiouluris tetraptera, The theory of
interml auto-infection is discussed in the light of ocur omm

experiments and the data in the literaturee
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