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MORPHOGENESIS AND VIABILITY OF LARVAE
IN THE EGGS OF ENTEROBIUS VERMICULARIS

D. HULINSKA

Institute of Parasitology, Czechoslovak Aeademy of Seciences, Prague

Abstract. When comparing the morphology of eggs dissected from the ulerus of mature female
with that of eggs deposited into the perianal region of the host, different stages of development were
obsorved. The first embryonal stage is of cellular character and possesses a base of tail. The fully .
differentiated second stage is tadpole-shaped and requires oxygen for further development. The
third and fourth stage develop within the nggs in the anal region; the fifth stage is the infective larva .
It has n enticle on its body surfaee and a differentiated digestive tube. The infoctive larva hatehos
from the egg-shell only after exposure to digestive enzymes. The preinfective stages are more suscep -
tible to drying than the infeetive stage. llowever, even this stage may be damaged by long-lasting
drying. The mature eggs ean remain viable for 2.3 days ab the temperature of 22 “C! and relalive
humidity of 34—44 ¢ and 15.6—22.9 9%, of larvac hatch from them after exposure to the digestive
solution. T'he larvace are able to survive tor 20 min,

The resistance and viability of eggs of pin-worms in different media and at different
temperatures and pressures was investigated by many previous authors. Leuckart
(1876) studied the effect of oxygen, Philpot (1924), Lentze (1935) and Sondak (1935)
the role of temperature and Jones and Jacobs (1940) the humidity of environment.
Wilhelmi and Quast (1925), Oleinikov (1929) and Lentze (1935) discovered the
eggs in nasal secretion of children and estimated therefore the number of eggs contained
in the dust of the room. They assumed that the children became infected by inhaling it.
Also Nolan and Reardon (1939) und Schiiffnerand Swellengrebel (1949) admitted
the possibility of inhaling the eggs together with the dust, but this assumption was
not verified experimentally. Sandars (1963), on the contrary, found only a small
number of infective eggs in the dust of the room. The majority of the undeveloped eggs
were desiccated and only some eggs containing infective larva survived.

In our experiments, we studied the resistance of eggs to desiccation under natural
conditions of the laboratory. For evaluation of the experimental material the exacet
knowledge of the morphogencsis of larvae is necessary, because the resistance of eggs
depends also on the stage of their development. We have therefore compared the
morphology of embrya mside the eggs dissected from the uterus of mature female to
the morphology of embrya in eggs deposited into perianal region of the host.

MATERIAL AND METHODS

Living females of Lnterobiue vermicularis and free cggs were oblained by swabbing the annl
folds of children at the Clinie of Internal Diseases of the Thomayer’s Hospital and in Regional
Department of Hygiene and Epidemiology in Prague, where the children with mussive oxyuriasis
were treated.
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Sehiffner’s tubes with swabs were washed into a drop of Lap waler on shdes with a pit or in test
tubes, Living females were also mtrodueed into test tubes containing a smal quantity of water.
The material was transferred to the laboratory in a thermos flask with ice and stored at 4 °C', The
cggs were disseeted from the uterns of females and put on a glass slide eontaining a drop of water,
The released eggs were then transferred with a pipette into centrifuge tubes. A large number of
vges for experimental purpose were assembled by centrifugation. The eggs were cultured to the
infeetive stage in Petri dishes with a small quantity of water, placed in # mmoist incubation chamber
and incubated ut 37 “C for 6 hours, The chambers were prepared from glass boxos with moist ecellulose
wadding on the bottom, coverod with perforated tin foil for asration. The warming of the chamboer
in water bath waz eantrolled by Vertex. IYor examination of the development of embryve tho cges
wore romoved from Pelri dishes at regular intervals and put in slides framed by varnish and con-
taining a drop of alum gelatine. The slides were covered with eover.gluss supported by a glass
sphintor fixed by n mixture of vaseline, paraffine and wax. After mild drymg the glasses with eggs
were placed into IN HCl and then transferred into fixation solution of absolute alechol and acetic
ncid (3:1) and stained with 2 9, orecin in propionie weid (aceording to Pearse 1061), Other oggs
and females were fixed in Baker’s fixation solution, or in 10 % neutral formalin and processed by
histological ethods, ParafTine stetions wers stained by eommon histological aud  histoche mical
methods,

Tnfeetive oggs woro tested for vinbility after deving for several periods of time. Sineo the eggs
from perianal swabs were in various stages of development and the undeveloped oggs were more
susceptible, they were incubated to the infective stage in incubation chumbers by the same method
ne the e isolutod from females.

A certain number of infeetive eggs were then transferred o glass slides and exposed to drying
at 22 7C and relative hamidity of 34—44 9 for 6, 12 and 24 hours and 3 and 3 dnys. The viability
of dred epps was Then detormined accordmg to hatehing of imfoetive larvae after pPrevious expusure
to digestive solution (0.7 %, pepsin and 0.2 95 HC or 0.5 9, pepsin wirth veronal acetate buler)
at the temperatures of 22 °C and 37 °C. We regardod as viable those epggs from which the larvae
hatehod wid moved for 20 min aftor transfer from digestive solution inta physiological =aline in slides
(according to Fairbairn 1960). The percentage of viability in individual experiments was ealeu latod
from the ratio of hatehed and moving larvae after 6-hr exposure (o digestive solution and number
of cggres with infoetive larvae ot the beginning of experiment.

RESULTS
A, MORPHOGRNESIS OF KGGS IN THE UTERUS OF FEMALE

The sac-like uterus of mature female is filled with a large number of eggs with the
delinitive egg-shell consisting ot three principal layers. The fertilized eggs are in different
stage of cleavage. A large round nucleus can be scen in the centre of plasma at the
heginning of cleavage, later on also {wo nuclei and animal pole is marked by a lighter
hordered plasma (Plate T, Fig. 1). Yolke granules containing tyrosine are dispersed
in the plasma. The first division runs in meridional direction (o the longitudinal axis
of the cgg, giving rise to two blastomeres — the antervior, smaller blastomere (8,) and
the larger, posterior one (P)) (Plate 1, Fig. 2). First the anterior and then the posterior
cell divides equally to form the four-celled stage ol rhombie shape. The first anterior
cell then hecomes more active and divides twice in succession, while the second anterior
cell divides once, making seven cells in all (Plate I, Fig. 3). The first three cleavages are
equal, but thercalter they are unequal, the danghter cells never reaching the size of
the parent cells (Plate 1, Fig. 4). The embryo in the stage of morula occupies nearly
the whole egg. A split-like cavity of blastococl is sometimes visible in the centre of
embryo. Simultancously with the formation of gastrnla the embryo extends towards
the egg poles. A band of smaller lighter ectodermal cells is formed arround the outside
and the large darker cells form the endoderm in the centre. During further development
the ectodermal cells divide actively, forming numerous small cells with large basophilic
nuclei at the anterior end, later giving rise to the head of embryo. In the centre of this
clear arca i a small depression, the base of stomodaeum. At the opposite end the hody
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of embryo is tapered and the base of tail attenuation is formed by the division of
lighter cells of ectoderm (Plate 11, Fig. 1). The base of tail continues growing and the
moving sccond-stage embryo is formed. 1t is spindle-shaped, with long tail, and
Leuckart (1876) likened it to a tadpole (Plate 11, Fig. 2). This is the last stage of the
development inside the uterns of mature female.

B. MORPHOLOGY OF EQCS DEPOSITED INTO PERIANAL REGION

In the moist medium of anal region (8899 %, humidity), at the admission of oxygen
and body temperature the zecond embryonal stage develops and grows. The endodermal
region of this \pimlh--almpvd embryo increases in size and extends posteriorly along
the egg axis. The tail end is growing and head end acquirex the elongated form. The
tail end of the third-stage embryo reaches nearly to its head (Plate 1, Fig. 1), The
body is filled with numerous granules econtaining tyvrosine and lipids. Glycogen is
present in posterior end of hody. The fourth-stage embryo gets a worm-like shape.
It is coiled inside the egg and its head end reaches the apical pole of the egg. The tail is
ventrally coiled and its end lies ¢lose to the head (Plate 11, Fig. 2). The embryo moves
mside the egg by contracting the body wall and shifting the secretory granules. The
developing ocsophageal region can be seen at the anterior end and the intestine is
filled with large embryonal cellz. The digestive tube, however, is not yet luminized
and a fine cuticle covers the surface of body (Plate 1V, Fig. 1). The hatched infective
lavva is twice as long as the preinfective stage (Plate 1V, Fig.2) and the digestive tube
is luminized. Our experiments revealed that the development from the second to third
stage lasts 2 -3 hours, from the third to fourth #tage 1,2 to | hour and to the infective
stage 1 1/2 hour on the average.

Hatching of the infeetive larvae [rom the egg-shell starts after exposure to digestive
enizymes. Treatment of eggs with digestive solutions aflfeets the outer layer only. The
cag-shell ruptures at the thinned margin of the “operculum™ (Hulinskd, Hulinsky
1973), through which the larva emerges from the egg-shell head- or tail-end first (Plate 1V,
Fig. 3).

(" EFFECT OF DRYINCON THE VIABILITY OF INFECTIVE EGGS

The results of our experiments concerning viability and survival of eggs after drving
arc given in Tables 1 and 2. Each experiment was repeated several times and the mean
percentage of viability was then calculated. A short drying (for 6 hr) causes a slight
damage of the eggs and 66 9, of larvae on the average hatch from 50 infective eggs at
the temperature of 22 °C. They are able to move in the solution for more than 20 minu-
tes. The results obtlained were the same with eggs isolated both from anal swahs and
from living females, under condition that only infective eggs were applied. The pre-
infective slages are very susceptible to drying and although some embrya may cmerge
from the egg-shell in the digestive solution, they are deformed and die in the solution.
More larvae hatch at higher temperature (37 °C), from 55 eggs 75.9 9%, on the average.
If the eggs were not exposed to drying, the percentage hatch from 05 eggs was 81.2 Y
at the temperature of 22 °C and 92.9 % at the temperature of 37 °C on the average
The longer the period of drying, the lower the number of surviving eggs and hatched
larvae, as shown in Tables | and 2. At the temperature of 22 °C most larvac hatched
during the second and third hour of experiment, whereas at the temperature of 37 “C
most larvae hatched during the first hour (Figs. 1 and 2). After 24-hr drying the number
of hatched larvae decrcased and at the temperature of 22 °C only 33.2 Y, of eggs
survived. At the temperature of 37 °C the mean percentage hatch was somewhat higher,
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Table 1. Tests of viability of dried infective sggs (from anal swabs) using digestive solution of 0.7 9,
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Fig. 1. The relationship betweon the
pereentage haleh of infeetive viable
larvae and the time period of drying
and exposure to digestive solution (1/2,
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Table 2. Tests of wiahility of dried infective eggs (from anal swabs) using

0.7 9, pepsin and 0.5 9, HCl at 37 °C
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39.8 %,. Maximum period of drying was 2—3 days, when the mean pereentage hateh
at 22 °C was 22.9 Y%, after two days and only 15.6 % after three days. At the temperature
of 37 °C the effect ol drying was still higher, and the mean pereentage hatch was 200 ©
after two days and 9 Y%, after three days. The composition of the digestive solution
had no eflfeet on the results of experiments, as it is seen in Table 3 showing the solution
of 0.5 %, pepsin with veronal-acetate buffer.

Table 3. Teats of viability of eggs (from females) using digestive solution of 0.5 %, pepsin buffored
with veronal neetate (pH 7.2) ar 37 °C
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DISCUSSION

In our experiments, we have compared the morphology of the eggs dissected from
the uterus of females with those obtained from perianal region of host. T'o complete our
knowledge we cultured experimentally the eggs to the infective stage. In this way we
obtained a picture of all developmental stages.

We have found that the eggs contained in the uterus of females are in different stage
of cleavage up to differentiation of the first spindle-shaped embryonal stage. lmmediate-
Iy belore the female starts to deposit eggs into perianal region, some second-stage
embryva develop. Therefore this stage can be found mostly in swabs [rom anal region
and only oecasionally in ovijector and uterus of mature females. In the anal region,
the eggs containing second-. third- and fourth-stage embrya can be found. The embrya
of third and fourth stage move within the egg-shell and grow at both tail and head cnd.
They are vermilorm and the digestive tube is differentiating. More than the morphology
of embrya, which was partly described by Leuckart (1876), Heller (1903), Philpot
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(1924) and Lrgarvdt and Wigan (1949). the factors influencing the embryonal meta-
bolism have been dealt with. Engelbrecht (1963) studied the consumption of lipids
and glycogens during embryogenesis ol eggs and deposition of glyeogen in the embryo,
which he called, similarly as Lenckart (1876). a "tadpole”. Leuckart’s knowledge of
the development of pin-worm ix not complete and the morphology of the stages deseribed
and figured is not sulTiciently explained. On the other hand, Lentze (1935) was engaged
rather in the biology of this parasite The knowledge of morphogenesis of eggs was
necessary for our experimental studies of the resistance of eggs in the environment.
We have investigated the effect ol dryving on infective stages under laboratory con-
ditions (temperature of 22 °C, humidity up to 44 9,). The infective larvae hateh from
the eggs only after exposure to digestive enzymes of the host, as it was confirmed by
Leuckart (1865). Philpot (1924) and experimentally also by Zawadowsky and
Ncehalimov (1929). The physiology of hatching, however, has not yet been elucidated.
Our experiments revealed the dependence of hatching of larvae on the period of drying,
during which the physical and probably also chemical conditions inside the shells
(permeability) are changed. For this reason the infeetive larva subjected previously to
longer drying does not hatch or after rupture of the shell is so damaged that it dies
in the solution. The dvveluped eggs can withstand at most two- to three-days’ drying.
Still higher effect of drying was observed in the preinfeetive stages. Only wllghi drying
leads to the destruction of the egg-shell and to the death of embrya. Since the eggs
in anal swabs are in various stages of development, it may be supposed that some eggs
contaminate the objects of the environment without reaching infective stage. These
eggs are of no significance for peroral infection or infection by inhalation of dust. This
fact was not considered cither by Oleinikov (1929) or by Lentze (1935) when they
determined the contents of eggs in the dust of room and they assumed that its inhalation
resulted in the infection of children examined. Also Jirovee (1946, 1948) was of the
same opinion. Sandars (1963). on the contrary, found only few infective eggs in the
room dust and he was therefore of different opinion; he considered the infection caused
by inhalation to oceur only exceptionally. The results obtained by Jones and Jacobs
(1940) support Sanders’ opinion. In our experiments, the eges survived two- to three-
days’ drying, but none of them could withstand the drying for five days.

Considering that only dried eggs may be raised with the dust and that their viability
decreases with the length of drying, it may be assumed that pin-worm infection caused
by inhalation of dust is of importance in larger groups of children only {e.g. kindergarten).
In the infected children the life cyeles of the parasite run differently and egg-laying
oceurs during the last two days of the life cyele. Each female lays 12— 16 thousand of
cggs into the anal region of the host. Geller (1946) and Podyapolskayva and
Kupustin (1958) obscrved up to 3 000 worms in a child. These child institutions can
thus easily be infected with fresh eggs. Our experiments revealed that on the average
63.2 9%, of eggs can survive for 12 hours and 18.7 9, for two days. Our results could not
he compared with those of Lentze (1935) and Jones and Jacohs (1940) due to
different methods applied in the experiments. Lentze (1935), moreover, did not give
the developmental stage and number of eggs and the hatching of larvae regarded as
a criterion ol viability. However, he included in the number of hatched larvae also the
damaged ones. In our experiments, we found that even damaged larvae may hatch,
hut that they die soon in the solution. Of the same opinion were also Joncs and
Jacobs (1940), who considered viable those eggs, which contained the larvae capable
of surviving for 40 min.
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MOPOOTEHES I (RHUBHECHTOCOBEHOCTEL JNUYHHOR B ANITAX

ENTEROBIUS VERMICULARILS

A yauneka

Petove. CpaBausan MOPGoAoriio sl NOIYECHHLIX 15 MATEE [H0J0BOSPETOR CaMRH ¢ $ILa M
OTAMGKCHRLME B HCPHAALHYI0 00 1acTh Xo3smia, M Ha0, 1o/uL e pasiipe eTaunie PaaBiaTin.,
Hepsasn oMOpUOIMAJLTAN CTIUIL HMCET BEACTOMHRI NAPAKTED 0 CONCPIRHT OCHORY XBOCTA,
Buoawe iupdepenimponanian BTopad eTivtitn nMeeT GopMy roJoBacTHRA ML SLIBHCHINeT 0
PASEITIN TPEOYCT KRCA0pOL T PeTnit it SETBEPTAN CTR U PUIBIBAIOTC S BHYTPR Aiia B Al IbHOM

OUJLCTH, HHTRH CTIU — MIBOSUOHIEUL JgaiKa, N

fee BVYTHRY.L I DORCPATHOCTH Tem

u i pepeHnpoRAnIT NUHICBAPUTEILIN TPYOKA. [ HBAZNOHHAN OIHKA BRUIYIIAETCS 03
ODOJ0UKN TONLKO 1000 AeHCTRISE IHIEBAPRTeALHLX (epMCHTOB. TIPEINHBAINOMHLIO ¢Ta I
GOUICC IVBETBITEILIM K BLICVIHBANR D, 1M nEBadnonnan crann. 1o poKe ata eta,um Mosmet
HOrRGHYTH BCEOCACTEHE JI0J1 OBPCMCITIOTO Bue YUBanus. Speiasie sitla wusnecnocofing 8 Te-
neste 23 el npi remunepatype 22 °Cou OTHOCHTOILHON BAUDKHOCTI 34—44 950 novae
NCHCTBHA IBUNEBAPHTE ILHOPO PAcTBODA M3 HUX By maaeres 15,6—22.9 00 auunior, korophie

nKkIBIoT 20 MHIyT.
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D. Hulinskd, Morphogenesis and viability, .. Plate 1

Plate I,

Fig. 1. Longitudinal scetion through mature egg. Large bladder-like nueleus and numerous granules
of lipoprotein are contiuned in the plasma at the heginning of caryokinetie division. The surface of
plasma is borderad with a vitelline membrane. (Coupled tetrazonium reaction for tyrosine, » 400)
Fig. 2. Longitudinal section through the egg. The first eleavage at meridional direction, separating
larger blastomere form the posterior smaller one, (Coupled tetrazonium reaction combined with
Sudan 111 I3 reaction, x 400)

Fig. 3. Longitudinal scetion through the egg with 7 blastomeres. During further cleavage first
posterior blastomere divided twice in suceession, while the second anterior coll divided once making
seven cells in all. (Coupled tetrazoninm reaction, x 400)

Fig. 4. Longitudinal seetion through the egg with 8 blastomeres. During further cleavage smaller
and smaller blastomeres are formed at posterior end. (Coupled tetrazonium reaction, x 400)



b, Hulinska, Morphogenesis and viability ... Plute 11

Plate 11,

Fig. 1. First-stage embryo. Bady spindle-shaped, filled with embryonal eells with large busophilie
nuelei. Tail at posterior end of embryo. The egg-shell slightly pressed. (2 9 orcein, toluidine blue,
< 260)

Fig. 2. Second -stage embryo occupying nearly the whole vgg. Body of embryo attenuating in a tail
ot posterior end, (Bromphenol blue, < 450)
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Plate ITI.

Fig. 1. At the third stage the head end attenuntes and elongatod tail starts to form. Head end is
ventrally coiled and situated near the middle part of body. (Bromphenol blue, coupled tetrazonium
reaction, x 400)

Fig. 2. Fourth-stage larva. Body vermiform, long tail coiled ventrally. Base of oesophagus and
inteatine filled with embryvonul eells. (Coupled tetrazoninm reaction. » 400)
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Pluate IV,

Fig. 1. Fourth-stage lurva with distinet cuticle on body surfuee, (Peracotie neid-aldehyde Tuehsin (o
proteina (eystine) > 400)

Fig. 2. The hatched infeetve lnrva is twiee ns long as the preeoding stage. Tt moves by contraeting
tho body wall as seen in the nutive photograph. ( < 100)

Fig. 3. The infective lurva cmerging from the cgg its head end first, (Native, 3 100)



