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Abstract:

The gut, lumen-dwelling tapeworm, Hymenolenis diminuta, will infect mice, but after about 10 days of
growth the worms are expelled. Rats do not expel their worms. During infection, areas which are
opaque to transmitted light form in the worms. It has been suggested that these areas, called dark' areas
(DA), are the result of an immune response to the worm.

In normal mice, DA peak in number and size 1 or 2 days before worm expulsion begins. When the
intensity of infection is increased from 1 to 3 or 6 worms/mouse, worm expulsion occurs sooner but the
size and number of DA are not markedly changed. Nude mice do not expel H. diminuta. In one
experiment worms recovered from nude mice have few DA but in 2 subsequent experiments worms
recovered did not have DA levels that differed significantly from normal littermates (NLM) or
thymus-grafted (TG)-nudes. TG-nudes also expel their worms similarly to NLM controls. Mice
panspecifically suppressed for antibody production by treatment from birth with heterologous anti-.
expel worms normally, and DA levels are normal. No antibody to H. diminuta is found in serum from
infected normal mice by. indirect hemagglutination. The few worms recovered from a secondary
infection have few DA. DA levels are similar between worms recovered from rats and mice on the
same day. Prior injection of mice with lyophilized worm homogenate (worm Ag) did not affect the
number and size of DA or the expulsion kinetics even though high serum antibody titers to worm Ag
are detected. When this serum is passively transferred to naive mice, it causes earlier expulsion of
worms and these worms have fewer and smaller DA. Serum from rats injected with worm Ag and then
infected has no detectable antibody. Worms incubated in vitro in serum or glucose-salts lose most of
their DA within I5 minutes and show no damage after 4 hours. If complement is added, worms die
within 30 minutes and no DA are formed. A transient delayed-type hypersensitivity response in
infected mice is also seen. Electron microscopy show DA to be an edema.

DA formation is not immunologically-mediated. The mechanism that causes expulsion, which is
thymus dependent, actually decreases the number and size of DA. DA are an intrinsic metabolic or
maturational activity of the worm.
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ABSTRACT

The gut, lumen-dwelling tapeworm, Hymenolepis
diminuta, will infect mice, but after about 10 days of
growth the worms are expelled. Rats do not expel their
worms. Durlng 1nfect10n, areas which are opaque to trans-
mitted light form in the worms. - It has been suggested
that these areas, called dark areas (DA), are the result
of an immune response to the worm.

: In normal mice, DA peak in number and sige 1 or 2
days before worm expulsion begins. When the intensity of
infection is increased from 1 to 3 or 6 worms/mouse, worm
expulsion occurs sooner but the size and number of DA are
not markedly changed. Nude mice do not expel H. diminuta.
In one experiment worms recovered from nude mice have few
‘DA but in 2 subsequent experiments worms recovered did
" not have DA levels that differed significantly from normal
“littermates (NLM) or thymus-grafted (TG)-nudes. TG-nudes
also expel their worms similarly to NLM controls. Mice
panspecifically suppressed for antibody production by
treatment from birth with heterologous anti-p expel worms
normally, and DA levels are normal. No antibody to H.
diminuta is found in serum from infected normal mice by
indirect hemagglutination. The few worms recovered from
a secondary infection have few DA. DA levels are similar
between worms recovered from rats and mice on the same
day. Prior injection of mice with lyophilized worm homo-
genate (worm Ag) did not affect the number and size of DA
.or.the expulsion kinetics even though hi serum antibody
titers to worm Ag are detected. When this serum is pass-
ively transferred to naive mice, it causes earlier expul-
sion of worms and these worms have fewer and smaller DA.
Serum from rats injected with worm Ag and then infected
has no detectable antibody. Worms incubated in vitro in
serum or glucose-salts lose most of their DA within 15
minutes and show no damage after 4 hours. If complement
is added, worms die within 30 minutes and no DA are
formed. A transient delayed-type hypersensitivity res-
ponse in infected mice is also seen. Electron micros-
copy show DA to be an edema.

DA formation is not 1mmunologlcally ~mediated. The
mechanism that causes expulsion; which is thymus depend-
ent, actually decreases the number and size of DA. DA -
are an intrinsic metabolic or maturatlonal activity of -
the worm. .




INTRODUCTION

"Digeases resulting from animal parasites are among

.the principal‘causes of morbidity, mortality, economic

loss, and human suffering throughout the world" (16).
Parasites (protozoa,‘helminths, arnd arthropods) affect
man directly by infection and indirectly by reducing the

food value of his domestic animals. According to Brown'

(12) it is estimated that 7 million people in Central and

South America are infected with Chagas' disease. Malaria
is present in areas of the world that include totally
over a billion people. Whipworms infect about 500

million people worldwide and Ascaris lumbricoidesg infects

900 million, many of them in the United States. 1In

parts of Egypt and Africa 75-95% of the residents may be-

" infected with Schistosoma haematobium. Attention has

recently been focused by the World Health Orgahization
(WHO).on the status of parasitic infections. WHO has
identified the éix most prevalent infectious human
diseases in tropical c¢ountries. Five'of these diseases
are parasitic (ﬁalaria,'schistosomiasis, tfypanosomiasis,
filafiasis, and leishmaniasis) and the sixth,'leprosy;‘
is Bacterial (19).'

.The infection of a human host by a parasite usually
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produces no symptoms or only very'mild clinical symptoms
.that may go unnoticed 5y the patient until the fulminating
stage’bf=the infection occurs (granuloma formation in
schistosomiasis, écute lethargy in trypanosomiasis, or
muscle degeneration in trichinosis, for examplé). Treat-
ment at this advanced stage ié ineffective. The parasites
may'be in sites not accessible by significant amounts of
drugs or upon death and degeneratioﬂ of the parasites
releasged toxins and by-prdducts may cause an increase in
'symptomology. An effective prophylactic program that
prevents or reduces initial parasitic infections could
substantially reduce morbidity and mortality. -

Attempfs fo éohtrol parasitic infections are aggra-
vated'ﬁy low standards of health in much.of the world. |
In many fropical underdeveloped countries, people have
neither the money to.buy shoéé-nor the desife‘to wear
shoes and are, therefore, constantly exposing themselves
to tﬁe infective larvae of hookworms and other nematodes.
The dense population of inseét vectors is virtually im-
"”possible to control, even in urban éreas, leading to a
continuous exposure of humans to malaria and sleeping
“‘'sickness. A lack of adequate plumbing and sewage.tréat—

ment yields water supplies teemihg with the cercariae of
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. schistosomes and amébas.. Cultural habits or a lack of
fuel to adequately cook foods leads to trichinosis and
cestode infections. The primary_problems in controlling
'parasites,'thérefora Seem to‘be economic and social.
Rather than trying to change lifestyles and customs ih
order to control parasitib infections, it seems more
feasible to-induce acquired immunity via vaccination.

In order to utilize the potentials of the human
. immune sysitem in combatting parasitic infectiohs,-several
major areas need to be investigated further: _

1) The life cycle of the parasite must be
understood in relation to the host immune responée.
For example, 1t is the eggs of schistosomes that
cause much of the pathology in schistosomiasis; the
adult form evokes little response.

2) Which component of.the immune system,
humoral or cell—médiated immunity 6r both is respon;
sible for the destruction and/or expulsion of the

'parasite? The expulsion of the nematode

Nippostrongylus'brasiliensis from rodents is pro-

posed to be both antibody-mediated and cell-med-
iated, the antibody producing initial damage (Step

1) to the worm and cell-mediated functions being
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mainly responsible'for final-expulsion of the worm
(Step.2) (58). 'IgE‘and IgG, specific for N.

. bragiliensis are produced (59); IgA may also play

a role in local immunity to the worm in the rat
(64). Marked eosinophilia is seen in rats shortiy'
after worm éxpulsion (36). Both antibody-med-
iated damage and expulsion have been found to be
thymus-dependent. = Nude mice do not expel their
"worm burdens up to_hO days post-infection whereas
in ﬁorﬁal mice worms are usually gone by day 1&.‘
However, if nudes are given .a thymus gland‘grajtf
or thymus cells; expulsion occurs similarly to that
seen iﬁ normal mice (31). However, mice treated with
heterologous anti-y (which severely reduced their .
ability to produce antibodies) expelled théir worms
at a rate similar to normal mice (32) suggesting
that initial antibody-induced worm damage is not
essential for expulsion.

'3) Knowing how the host reéponds_td a natural
infection, how then is it possible to prime the
immune syétem to resist penetration or deveiopﬁent
of the infective forms of a given parésite?

‘Tmmunization with larval homogenates of the cestode
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Mesocestoides corti substantially reduces the

number of tetrathrydia developihg~upon challengé
infection (40), but it does not'prevent infection
entirely.' Further studies are necessary to determine
which  antigens provide protection agairnst subsequent
specific challenge.

?rogress has been slow in applying immunological
. techniques to parasitology. Many recent studies have
been directed toward developing methods for stimﬁlatiné
~immunity artificially before an understanding of the
:underlying immﬁnological mechanisms involved in the host-.
parasite relationship is gained. _Cleafly, basic research
on the immune reéponse of humans and animals to"parasitic
. infection needs to be undertaken as a prelﬁde to any
vaccination programs. .

Oﬁe model hosgt-parasite system that may elucidate

the host response to helminthic infections is the mouse

infected with the cestode Hymenolepis diminuta. This
tapeworm is a lumen-dwelling, noninvasive cestode of the
small intestine which produces'no known inflammatory
response or lesions. Unlike most tapeworms, the réstellum'
of E+'diminuta'is not armed with a circlet of hooks.

The rat is the natural host for the worm and will retain
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the adult form for many months or years. Worms in rat
hosts will often attain lengths greater thanIEO cm. The
life cycle for the worm begins when mature proglottids
. containing eggs are shed in the feces and are consumed
by an intermediate host, usually a beetle. Unlike H.
nana eggs, the eggs of H. diminuta are not directly

infective to mammals. The tapeworm eggs hatch upon en-

tering the intermediate host and release hexacanth embryos.

The embryos penetrate into the insect haemocel and develop

into cysticercoids in about 10 days. A cysticercoid is
a méture, inverted scolex with a short, immaturé neck
region attached. Upon ingestion of the infected.insect,
by the rodent, the scolex 1s released and attaches to
the duodénum. Strobilation progresses and mature eggs
are found in terminal proglottids by day 14 post-cysti-
cercoid infection thus completing the éycie. This tape-
worm can infect humans, but only about 200 cases of
infection have been reported (73).

In mice, H. diminuta infections are éf short dura-
.tibn, seldom lasting more than 14 days, with destrobila-

tion occurring on about day 10 and final expulsion by

day 12. 'This destrobilation and expulsion has been found

fo be immunologically mediated. Worms from a secondary
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infection of GFLP or Porton mice were stunted and the
percent recovery of worms was lower by 20% than in pri-
mary‘infections (23). Cortisone- and antilympﬁocyte serum
(ALS)—treéted mice did not expel their worms on schedule
but-retained them up to 18 days. Worm growth was also
‘enhanced in cortisone-treated hosts (24). Similar results

were found in cortisone-treated mice infected with the

bile.duct cestode H. microstoma (37, 54). Nude (thymus-
deficient)mice did not expel their worm burdens up to
day 33 (10) supporting the idea that eipulsion'is a v
thymus-dependent phenomenon. Nudes reconstituted with
viable thymus cells or a thymus gland expelled. their
worms on schedule (28). However, Andreassen (1,2) found
that nude mice began to expel their worms after day 13
with all worms gone by day 20, expulsion beiﬁg dependent
on the level of infection. No measurable IgE was produced
in infections in normal mice and no Specific cirdulating
antibodies have been detected in serum from infected mice,
though IgA, IgGl, Ing, IgM, and C3 have been found on
the integument of the worm (4). IgA was detected ear-
lies't and in greatest abundance on the integument..
Further support for an immunological basis for worm

expulsion is:
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1) In young'mice (2-4 weeks 0ld) given a 1
cysticercoid (1c) infection, expulsion did not
begin until day 16-20 (7).

2)-A 6c infection leads to a quicker and ear-
lier expulsion than is found in a 1lc infection (5).
Worms are also smaller in 6c infections.

3) Worms surgically transplanted into the
duodenum of immune mice were rejected in 4 days.
If immune mice were given 550 rads before lapar—
otomy, expulsion was delayed until day 6 but still
occurred appre01ably sooner than expulsion in

~naive untreated mice (25).

If animals are infected with a large number of

. cestodes, some nonspecific loss of worms is evident.

This is thought to be due to inter-worm competition for

_carbohydrates (34) or oxygen (67) and is known as the

crowding effect.

" An investigation of immunologically-mediated worm
damage could be very revealing of the immune mechanisms
involved in expulsion (57). Befus and Threadgold (8)
found opaque or dark éreas (DA) on the intégument of
H. diminuta taken from mice. They noted that DA increased

in number until expulsion began and that worms from a
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‘6c infection had more DA than those from a 1c infection.
Morphological differeﬁces from normal tissue in DA as
‘shown by electron micrographs included more lipid drop-
lets in the parenchymal cells, a reduced amount of rough
endoplasmié reticulum, and a general increase in the
electron density of the tegument.. Thése changes are
similar to those caused by dehydration (6). Worms damaged
mechanically in vitro also formed DA. Befus postulated
that DA on worms from mice may represent immunological
damage (8). These lesions have also been found in sur-
gically—mutilated worms from mice (20) and on worms from
rats (15). | |

The questions this thesis will attempt to answer are:

1) Do DA have an immunological etiology?

2) If the immune status of the mouse host is
alteréd,‘are the number and size of DA correspond-
ingly changed?

3) Are morphological changes other than those
previously observéd evident in DA?

4) Can antibody or delayed-type hypersensitivity
responses to worm infection be detected? Are -

these responses related to DA?’




MATERIALS AND METHODS

Maintenance of Paragites

Hymenolepis diminuta cysticeroids were dissected in

saline from infected beetles (see below). [Five cysticer--
-coids were drawn into small guage tubing (Inframedic PE
60, Clay—Adaﬁs, Parsippany, NJ) connected to a 22 guage

) needle on a 1 ml syringe. Adﬁlt rats were lightly anaes-
thetized with ether. The tubiﬁg was inserted into the
esophagus of the rat and the cysticercoids expelled with
the sYriﬁge. |

The beetle, Tribolium confusum, was used as the

ihfermediate host. The beetles were maintained in  the
dark af room temperature in jars containing stone-ground
flour and oats. Beetles were separated from the flour
into a glass container with no flour and starved for 5-7
‘days. Donor rats were killed (at least 14 days after
inoculation with cysticercoids) and the small infestiﬁes
were rémoved and flushed out with physiological saline.
Terminal proglottids containing infectivé eggs were re-
moved from the tapeworms and mashed onto a small piece
of moist filter paper and fed to starved beetles'in a
humid chamber overnight. The beetles were removed the

next day and put in a flour-oats jar.
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Cysticercoids used for infécfing mice and'fats were
dissected from beetles 3-6 weeks after feeding worﬁ eggs
to the beetles. Figure 1 shows this to be the time of
| optimal infectivity of cysticercoids. The drop in
infectivity for cysticercoids 35 days old (figure 1) is
probably nonspecific and not related to the age of the

cysticercoids.

Mice

Balb/c mice 6 weeks old and of both sexes (Charles
River Breeding Labs, Wilmington, MA) were used in'ali
experiments unless otherwise stated. They weré maiﬂtained
on Wayne Lab Blox (Allied Mills, Chicago, IL) mouse feed
and given acidified-chlorinated water ad libitum.

Congenitally thymus-deficient (nude; nu/nu) mice and
their phenotypically normal littermates (NLM; nﬁ + or
i/i) were bred in restricted access rooms using homozygous
(gg/gg) males and heterozygous (gg/i) females of Balb/c
background.‘ Some nudes were obtained frdm homozygous .
males and heterozygous females bred in mono—éontaminated
gnotobiotic units. These nude mice were removed from the
gnotobiotic unit and houSed-&n a laboratory for at least

one week before they were used in experiments. Male and
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Figure 1. Development of adult H. diminuta in mice
given cysticercoids of varying age. The
four mice/group were each given three

cysticercoids. Seven days later the mice
were killed and examined for adult worms.
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female Balb/c heterozygotes (nu/+) (GL. Bomholtgaard,

Ry, Denmark) were bred as another source of nudes.

Worm Recovery and Dark Area Measurements

On varying days post-infection (p.i.) with cysti-
cercoids, mice or rats were killed by cervical dislocation
and the small intestine removed from each animal. In
mice on days 5, 6 and 7 p.i., the small intestine was
severed about 2 cm below the pylorlc valve and 3 cm above
the ileo-cecal junction. On later days p.i., the cuts
wefe.made 2 cm below the pyloric valve and at the ileo-
cecal junction because the worms tend to migrate poster-
iorly as expulsion begins. The small intestine wes
flushed with saline from a wash bottle into a tray con-
taining saline. The intestinal contents were examined
grossly for worms. If all worms were not found, the
small intestine was' opened longitué?nally with scissors

and agltated; any worms still inside - the intestine were

"readily evident and could be removed with forceps.

Worm length was measured to the nearest cm while

- worms were still in the tray. To determine the number

and sige of dark areas (DA), worms were placed on a slide

and examined under 100X of a microscope. Dark areas were
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scored using the following criteria:
+1--DA covered less than one proglottid.
+2--DA covered at least one full proglottid
or parts of 2 adjaﬁent proglottids.
.fj——DA covered 2 proglottids. ’
+4--DA covered 3 or more proglottidé. If
a DA covered over 7 proglottids, two +4's were
scored. |
The dark areas of each worm were evaluated and a dark
area coefficient (DAC) was calculated for each worm
using the following formula:

Sum of DA Scores
Worm Length (cm)

DA =

DA Scores = Score for each particular DA on
one worm.
Worm length (cm) = Measured worm iength.tb
the hearest centimeter.
On.a given day p.i., the DAC/ worm for all worms recovered
wés averaged as a mean DAC for that day. A standard
de&iation (s) for each mean DAC was also calculated.
Per cent worm recovery was calculated by: -

Number of worms recovered .
X 100

Total possible worms recoverable
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The mean worm length was also calculated for all worms

" recovered on a given day.

Immunosuppression with Heterologous Anti-y Immunoglobulin

In order to assess the requirement of humoral
antibody for DA formation and worm expulsion, mice were
treated with heterologous anti-p. Anti-p has been shown
to pan-specifically suppress production of antibody of
‘the_IgG, IgM, IgA, and IgE classes (47, 49). Briefly,
rabbits were immunized with purified mouse IgM in incom-
plete Freund's adjuvant. Serum was collected from the
rabbits and activity against other mouse Ig's was removed
through column chromatography. Purity was determined
using Ouchterlony gel diffusion (48). In the first
experiment anti-p (minimum titer of 32 and geherously'
supplied by Bradford Brooks, M.S.) was administered to..

‘neonatal mice according to the following schedule:

Day Amount of Anti-y (ml)
o(birth), 1,2,4,6 0.05
8,10 0.10
13,16,18,20,25 0.15
28,30,32 0.20
35,37,39 0.25
L2,4bL,46 0.30

Injections were given intraperitoneally (i.p.) on
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three or four alternate days dﬁring each week. Phosphafe
buffered saline:(PBS) and normal rabbit serum (NRS)
were administered as controls to different ﬁice in'fhe
same litters as the anti-p-treated mice.according to the
- same schedule. Injection schedules were mainfained
during the course of worm infection.
In a second experiment, anti-p (titer of 256)
obtained from goats injected with purified mouse IgM
and preparéd as above was generously supplied by Dr.

Dean Manning. The injection schedule was as follows:

Day Amount of Anti-p (ml)
0(birth),1,2 0.06
L - 0.08
6,8,10 | 0.10
12,14 0.15
16,19 | 0.20
21,23 ' 0.25
26,28, 30 0.30
33,35,37 0.35
Lo,42,44 0.40

Controls were littermates given either PBS or normal

‘goat serum (NGS) according to the same schedule.

Quchterlony Gel Diffusion for Measuring Residwal Anti-p
and Serum IgM '

Ouchterlony double diffusion plates were used to
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test for serum levels of anti-p and IgM from mice used °
in the second anti-p experiment. Four ml of 1%
agarose in 0.05M barbital buffer (pH 8.4) with 0.1%
sodium azide was dispensed into each 15 X 60 mm plastic
petri dish. Punch wells were 4 mm in diameter and 10.mm
apart. ‘

To test for serum IgM, the center well was filled
with anti-p (titer of 256) and 2~fold serial dilutions
of the appropriate serum were piaced in the outer wells.
A pool of normal mouse serum was used as a standard to
test for residual anti-p. Plates were incubated at pddm
temperature until the precipitin bands were clearly

" visible.

Localized Hemolysis-in-Gel Technique

To determine the antibody response of mice to sﬁeep
red blood cells (SRBC), the animal was given 0.2 ml of
10% SRBC i.p. or intravenously (i.v.). Five days later
the spleen waé removed and a single cell suspension was
made by rubbing the spleen over a fine mesh screen in
5:ml of Hank's Balanced Salt Solution (HBSS) . _Ceil
clumps were filtered out through glass wool.. Dilutions

of 1:5 and 1:25 were then made of spleen cell suspensions.
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To a tube containing 0.4 mL'of 0.8% agarose at 47°%,

100 pl of the appropriately diluted spleen cell suspen-
sion'and 50 pl of 8% SRBC were added. The ﬁixture was
vortexed and poured onto an agarose-coated slide and
incubated in a humid chamber at 37°C for 2 h. Duplicate
slides were done for each spleen cell dilution. A 1:10
dilution of guinea pig complement (Colorado Serum Co.,
Déenver, CO) was added and after another 1% h at 3700,

' pléques were counted on slides with between 30 and 300
total plaques. The number of plaque-forming cells (PFC)

per spleen was determined.

" Thymus-Gland Grafting of Nude Mice

Nude mice were anesthetized with Nembutal (sodium
pentabarbital) i.p., the dosage being dependent upon body
weight (62). A 1 cm incision lateral to the dorsal
midline was made through the skin and peritoneum over
one kidney. The kidney was gently worked up onto the
surface of the skin: A small tear was made in the renal
capsule and one lobe of a neonatal Balb/c thymus gland -
was inserted under the capsule with forceps. The kidney.
was placed back into the mouse and the incision in the per-

itoneum was sutured. The sgkin incision was closed with
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wound clips. The same procedure was repeated for the
other kidney. Tb allow time for thymocytes to mature and .
be distributed throughout the mouse, mice were held at

least 6 weeks after grafting before being used.

Preparation of Worm Antigen and Metabolite Antigén

Mature worms were taken from rats and frozen and
thawed 4X. The worms were homogenized in a Tenbroeck
homogenizer on ice and the homogenate was centrifuged at
2500 rpm for 15 minutes. The supernatant was then spun
at 20,000g for 1 h at 4°¢ in an ultracentrifuge. The
superﬁatant was dialyzed against deionized water,
lyoﬁhilized, and used as antigen (worm Ag) in the in-
direct hemagglutination (IHA) test and for antigenization.

To obtain metabolite antigen (Met. Ag) freshly
harvested living worms 7-11 days old were washed once in
galine and once in HBSS. Then 10-50 of these worms were
incubated in 10 ml of HBSS for.h h at room: temperature.
The worms were filtered out through glass wool after 4 h
and the HBSS containing any worm secretions or excretions

constituted Met. Ag.

Indirect Hemagglutination

Serum to be tested for antibody to worms was col-
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lected from the retro-orbital sinus or tail vein, in-
activated at 56°C for 30 minutes, and absorbed once with
SRBC for 10 minutes.

| Fresh SRBC were washed 3X ih PBS and suspended to
2% in PBS. An equal volume of fresh tannic acid (a 1:40
dilution of a 0.1% solution in PBS) was added and the
mixture incubated at 370C for 10 minutes. These cells
were waéhed 2X in PBS and resuspended to 2%.. A5 ﬁl
sample was removed for control. The remaining suspension
was combined with an equal volume of 1.5 mg/ml worm Ag
‘in PBS at 3700 for 10 minutes. The celis were washed
twice. to remove excess worm Ag and diluted to 2%.

In thé assay (71), U-bottom microtiter plates
(Linbro Chemical Co. Inc., New Haven, CN) were used with
the Microtiter System (Cooke Engineering Co., Alexandria,
VA). Twenty-five pl of 1% NRS diluent were added to each
weil. Twenty-five pl of serum were added to the first
well énd 2-fold serially diluted to the penultimate well.
Then 25 ul of senstitzed or control cells were added,
and the plate was covered and incubated at room tempera-
ture for 1-3 h. Agglutination reactioné were scored from
0 (no agglutination) to +4 (total agglutination). Wélls

with agglutination indicated the presence of‘antibody to
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- the worm and/or worm Ag.

Determining Delayed-Type Hypersensitivity (DTH) to H
diminuta by Foot Pad Swelling

Foot pad thickness on both feet was measured to the
nearest 0.1 mm with dial guage calipers (Schnelltaster,
H.C. Kroeplin GMBH, Hessen, Germany). Mice were then
lightly anesthetized with ether. With a 30g needle,
0.03 ml of 2 mg/ml worm Ag in PBS was injected into the
left hind foot pad and an equal amount of PBS was given
in the right hind foot pad. At 3, 24, and 48 h after
injection, foot pad thickness of éach foot was measured
With the calipers. Swelling at 48 h was indicative of a

DTH reaction to worm Ag.

Electron Microscopy Technigues

~Worms were harvested from mice on day 7 p.i. and
normal or ‘dark areas were cut out with a razor blade and
placed in fixatibe for 24 h at 4°C. The fixative was
5% glutaraldehydé in Millonigs buffer containing 5%
surcrose and 0.5 mM CaClz. The speciméns were then washed.
3X .in Millonigs buffer containing 3% sucrose, dehydrated

through an ethanol gradient, and embedded in Spurr's

epoxy resin (Polysciences, Inc., Warrington, PA). Silver
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sections were cut on a Reichert OM-U2 ultramicrotome-
using glass knives (LKB 7800A Knifemaker, Stockhom,

Sweden). The sections were post-sectioned stained in

' Reynolds lead citrate and uranyl acetate. They were

viewed and phofographed in a Zeiss EM 95-2 transmission
electron microscope:

Preparation for scanning electron micrbscopy con-
sisted of fixing 7-day old worms whole in cold glutar-
aldehyde in Millonigs buffer + 5% sucrose for 4 h 'at
room temperature, dehydrating through an ethanol gradient
and an amyl acetate gradient, and then critical-point
drying (Sorvall Critiéal Point Drying System). An ISI

Model Super II SEM was used for viewing and photography.

Staining and Photography for Light Microscopy

To photograph DA in whole mounts, 7-day old worms

were taken from mice and dipped in 1% glutaraldehyde

‘briefly. They were then placed on a slide with saline

and covered with a cover glass. Photography was done
immediately on any visible DA.
. Tissue to be stained with Hematoxylin and Eosin

(H&E) was fixed in 10% buffered formalin, embedded in -

paraffin and 6 pm sections were cut. Sections were
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placed on a coated slide, deparaffinized, rehydrated,
stained in H&E, dehydrated to iylene, and mounted.

Sections to be stained with Toluidine Blue were cut
on the uitramicrotome from the same specimens as those
used for transmiséion electron microscopy. The secfions
'_wéfe piaced on a drop of water on a gelatin-coated slide
and dried at 25OOF. Toluidine Blue iﬁ borate buffer
(pH 9) was added to the slide and heating continuéd for
another 20 minutes; any moisture evaporatihg was re-
placed with distilled water. The slide was rinsed under
running tap water and mounted wet. using nail pblish to
seal the cover slip énd the slide was stored in a humid

environment.

In Vitro Incubation of Worms in HBSS or Serum

Living 7-day old worms were examined under 100X
of a light microscope for DA and then were washed‘in
sterile PBS and HBSS and were placed in 10 ml HBSS in a
small petri dish at room temperature. At specified in-
tervals, the worms were examined under 100X and any
change in their DA pattern was‘noted.

For incubation in serum, 7-day old worms were placed
in 0.5 ml of heat inactivated serum + 0.5 ml of HBSS in

spot plate wells and. incubated at room temperature. Each




24
serum was tested with: 2 different worms. Complement was
added to one well of each serum after 80 mingtes.’ The
other well received nothing. All worms were examined

at intervals of 20 minutes for any change in their DA

patterns.

Statistical Treatment of Data

The mean DAC for a given déy p.i. was compared
between groups of animals in the same experiment using -
the Student's t test. The mean DA, was considered
significantly different when probablility (p) valueé

were less than 0.05,
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RESULTS

-Worm Expulsion and Dark Areas in Normal Mice Infected
with E;,diminuta '

To determine if dark areas (DA) vary in number and
sizé-during the course of a 3'cysticercqid (3c) infection
with H. diminuta in normal Balb/c mice 5 weeks old, three
separate but similar experiments were done. In the first
experiment, 49 mice were each given 3c. On days 7-11
post-infection (p.i.), 9 or 10 mice/day were.killed and
the small intestine examined for worms. In the secdnd |
expefiment, 55 mice were infected with 3¢ and on days 5,
6, 12, and 13 p.i., 10 mice/day were killed;.on days 7, 9,
and 11 p.i., 5 mice/day were killed. In the third
exﬁeriment, 80 mice were infected with 3c and 10 mice/day
on -days 5-12 p.i. were killed.

. Expulsion was congidered to be occurring on the first
day p.i. that per cent worm recovery was 60% or less.
Using a similar system, Befus set the dividing line at
f§50% (7). Both of these limits were set arbitrarily.
Stunted worm growth (as measured by length) is also
used as an indicator of expulsion in some cases.

Expulsion began betwéen days 8-10 p.1. (Figure 2)

with all or most worms gone by day 12. On day 5 p.1i.,




26
O Experiment 1

O Experiment 2

><lj . &y Experiment 3
90- /” 4

70 o

(o]
o
|

o

% Worm Recovery
w
o

1

-_ N
& O
] 1
2

Figure 2. Elimination of H. diminuta from mice
given a 3c infection 1in 3 separate
experiments. In experiment 1, 49 mice
were each given 3¢ and on days 7-11
post-infection (p.i.), 9 or 10 mice/
day were killed and examined for worms.
In experiment 2, 55 mice were each
given a 3¢ infections and on days 5, 6,
12, and 13 p.i., 10 mice/day were killed.
On days 7, 9, and 11 p.i., 5 mice/day
were killed. In experiment 3, 80 mice
were each given 3c and on days 5-12 p.i.,
10 mice/day were killed.
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some smaller worms (< 5 mm long) could not be found with
the methods used and this led to a lowef per cent worm -
recovery on that day. Worms had few DA on day 5 but
gained more DA until just befofe expulsion began (Figure
.3). The first known mean DAc peaﬁ occurred on or before
the day expulsion began (Table 1). .There seems to'be a
downward trend of mean DA, after expulsion begins in |
" experiment 3 but not in the other 2-experiments. In
experiment 1, the mean DAc declines before expulsion
begins and levels out after expulsion begins. There was -
no consistent pattern of how the mean DA, varies in:mag—
nitude before or after expulsion began, making the rela-
tionship between expulsion and DA formation unclear.

The standard deviation (s) for the mean DAc was
usually high on all days in each experiment often
equalling or exceeding the mean DA, value (Figure 3).
_The vertical bars repfesent the positive standard
deviation only (for clarity).

Worm length increased steadily during the course of
the infection. On day 5 wofm length averaged slightly
less than 1 cm and worms grew to about 11 cm by day 10.

To test the effect of a lower intensity infection on

DA formation and worm expulsion, 80 mice each were given
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Figure 3. Change in mean DA of H. diminuta during
the course of a 38 infection in the 3
separate experiments. See legend on
Figure 2 for details of experiments.
Vertical bars represent the positive
standard deviation only (for clarity}.
Numbers next to the vertical bars repre-
sent the experiment number point from which
the standard deviation bar originates.
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Table 1. Comparison of mean DA peak and starting
expulsion date in the~3 separate experi-
ments with mice given a 3c infection.

. Day
1 Experiment : DA
Expulsion
- Number Beginsb Peak
1 9 7€
2 10 9

3 . 8 8

a:5ee legend for Figure 2 for experimental details.
bpirgt day when % worm recovery was 50 T 10%.

Cpirst known mean DA_ peak observed in that
experiment. No mice€ were examined earlier than;

day 7 p.i.
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1 H. diminuta cysticercoid and 10 micé/day on days 5-12.
p.i. were killed and examined for worms. Expulsion did
not begin until day 11 but only 20% of the worm burden
remained at day 12 (Figure 4). The beginning of expulsion
was delayed 1-3 days as compared to a 3c infection. The
mean DAc peaked on day 6, earlier and higher than in a
3¢ infection, and again on day 11. The mean DA, peak
was elevated on both days 6 and 11 because several WOrms
with very high DAc ( 210) were found on each of these
days. This was reflected in the grossly elevated standard
deviatién seen on both. days. The mean DAC graph pattern
was more érratic than those for 3¢ infections but what
this difference means is unknown.

Worm length increased in a 1c infecfion similarly to
that in a 3¢ infection.

To directly compare the differences in DA and worm
" expulsion using different levels of infection, 192 mice
were first divided into three groups of 64 mice each.
Mice in one group were given 1c, those of a second gfoup
3¢, and a third 6c¢; all cysticercoids were from the same
pool. On days 5-12 p.i., 8 mice/day/group were killed .
and examined for worms. In the 1c infection expulsion

did not begin until day 11, whereas 3c and 6c infection
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Figure 4. Mean DA_ and % Worm Recovery for a 1c
infectin. Each of 80 mice was given
1 H. diminuta cysticercoid. On days
5-12 p.i., 10 mice/day were killed
and examined for worms. Numbers above the
vertical bars represent the value the
standard deviation would reach if the
graph were extended.
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expulsion both began on day 10 (Figure 5). The time

when expulsion began and the rate thereafter were similar.

for the 3c and 6éc infections. In a 1c infection the
DAC peaked on day 8 (two days later than in the pre-
vious 1c'ekperiment) at 9.0 and'then dropped sharply
day 9. The 3c infection mean DAC also peaked on day
at 2.4. In the 6c infection, two mean DAC peaks were
found: a peak of 3.4 on day 7 and another on day 10
3.0 (Figure 6). Standard deviation varied between 2
4 for most days tested. Note the very high standard
deviation on‘day 8 p.i. for a 1c infection. This is
again due to several worms having a grossly elevated
DAC, Expulsion kinetics were simiiar between 3c and
infections as opposed to a 1c infection. Mean‘DAC
graphs were simlar in-all infection groups according
the Student's t test. Only the 1c mean DAC point on
8 differed significantly from the other groups on tha
day. This difference is probably due to 2 worms (out
7 recovered) with a DA, =15. The level of infection
geﬁerally does not appear to affect DA formation thou

' the time when expulsion began was affected.
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Figure 5. Comparison of expulsion kinetics in mice
given 1c, 3¢, or 6c¢ infections with
H. diminuta. Three groups of 64 mice
each were infected with either 1, 3, or
6 H. diminuta cysticercoids. On days
5-12 p.i., 8.mice/day/group were killed
and examined for worms.
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Mean DA of worms from 1c, 3c, or 6c¢

H. dimifiuta infections in mice. See
legend on Figure 5 for experimental
details. Numbers to the side of the ver-
tical bars represent the number cysti-
cercoid infection point that the standard
deviation bar originated from. Asterisk
indicates p €0.05 for that point.
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Worm Expulgion and DA Kinetics in Mice Given a Secondary
Infection with H. diminuta

To further clarify the relationship between host
immunity and DA formation kinetics, an experiment was
done to determine if any acquired immunity to H. diminuta
Wés seen after a primary infection and, if so, whether or
not it affects the magnitude of the mean DA . First.154
mice were divided into two groups; On day -14, ninefy
mice were given a 6c primary infection and 64 ﬁice were
sham-infected with saline. On day -7, ten mice in the
infected group were killed to ascertain the success of
the primay infection. All worms from the primary infec-
tion should be gone by day 0 (See Figure 5). On day O'
all mice were given 3c and 8 primary-infected -mice/day
and 10 secondary—infected mice/day were killed on days
5—12 p.i. Worm recovery on day -7 was 91.7% indicating
a normal, active 6c¢ primary infection. Control mice
(sham-infected and later given 3c) éhowed normal expulsion
kinetics with expulsion starting by day 10 and most
wormg were gone by day 11. Worms were expelled faéter
from secondary-infected mice with only 30% wofm recovéry
on day 6 and less than 5% worm recovery through day 10

(Figure 7). Mean DA, peaked on day 7 at 4.0 in primary-
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Expulsion of H. diminuta in primary and
secondary infections. Ninety mice were
given 6 cysticercoids on day -14 and 64
mice were sham infected on the same day.
Two weeks later (day 0) all mice in both
groups were given 3t. On days 5-12 p.i.,
8 or 10 miceﬁday/group were killed and
examined for worms.
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. infected mice but reached only 0.4 on day 6 in éecdndary-

1

infected mice (Figure 8). However, insufficient worms
were recovered on successive days from secondary-infected
mice to permit evaluation of DA kinetics.

Worm length was not significantly different between
primary- and secondary-infected mice on day 6 (1.0 and

0.9 cm, respectively).

Comparison of Dark Areas in Mice and Rats Infected with
H. diminuta o '

Since rats maintain their worm burdens ovef six
months énd are not thought to immunologically expel their
ﬁorms} worms from rats were examined for DA. 1In the
first experiment, 16 adult Holtzman rats were given a U4c
infection. Four rats/day were killed on days 7, 14, 28,
and 56 p.i. and the worms removed. Only the upper one-
third of the worm was examined for DA because in rats
.maturing proglottids as well as DA are opaque to trans-
mitted 1light. A mean DA, similar in'magnitude‘to that
found in mice on day 7 p.i., was found in‘rats on day 7
p.i. By day 14 ﬁost worms recovered from rafs had few
and small DA. On days 28 and 56 p.i., worms had many DA
but a low mean DAC was found because of the ;ong worm

length (Figure 9). Per cent worm recovery was high on
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Figure 8. Dark area formation in worms from primary
and secondary infections with H. diminuta.

details. The vertical bars represent the
standard deviation.. o
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Figure 9. Dark area formation in H. diminuta from
rats. Sixteen rats 10 weeks old each
were given 4c. On days 7, 14, 28, and
56 p.i., 4 rats/day were killed and
examined for worms and the worms were
examined for DA.




40_

all days tested. A lowered standard deviation was found
for the mean DA, on days 14, 28, and 56 p.i. Worms re-
covered from rats'also had DA but this is probably not
related to .a host expulsion mechénism since the rats did
not expel their worms. _ |

Worms had attained a length of almost 50 cm by day
56 p.i. |

To directly compare the mean bAC of worms from mice
and rats, 20 rats and 32 mice each were given 3c.. On
days 6,-8, 9, and 10 p.i., 5 rats and 8 mice/day were
killed. Expulsion began on day 10 ihvmice but not in
réts (Figure 10). The mean DAc peak for worms from rats
is 1 or 2 days earlier than for mouse worms and the mean
-DAC peaks for wofms from both rat$ and mice were of simi-
lar magnitude (Figure 10). Worms from both rats and mice
have few DA by day 10 though worms from rats grew faster
~and matured earlier. In comparing the mean DA, of the
same day p.1. between worms from mice and rats using the
Student's t test, it was found that they differed only
on day 6 p.i. Worms from rats form more and larger DA
earlier than in mice but thereafter DA formation kinetics
are similar ih mice and rats.. In two vastly different

host, one which expeis'worms and one“which does not, it
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Figure 10. Comparison of worm expulsion and mean DA

in mice and rats given 3 H. diminuta
cysticercoids. Nineteen rats and
32 mice were infected. On days 6, 8,

and 9 p.i., 5 rats and 8 mice/day were

killed and examined for worms.

On day

10 p.i., 4 rats and 8 mice were killed.

Asterisk indicates p €0.05.
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would .be expeéted that DA formation kinetics would vary
markedly. . Theréfore, DA formation may not be totally
host~dependent or influenced by the host immune response

but rather may be intrinsic to the worm.

The . Course of Worm Expulsion and DA Formation in
Nude Mice :

To see if DA formation is thymus dependent 10 nudes

(8f9 weeks 0ld) and 5 NLM (8 weeks old) each were given

" a 3c infection. About one-half eaéh‘group was killed

on days 7 and 14 p.i. Worms from nude mice were shorter
on day 7 and had significantly fewer DA (p<0.05) than
worms from NLM controls (Table 2). By day 14 all NIM .

‘had expelled their worms but 100% of the WOorms were

recovered from nudes and these worms had DA. This could
mean that thymic competency is necessary for the forma-
tion of higher levels of DA or that DA are related to the
growth rate of the worms. In the earlier experiment
involving infected mice and rats, worms from rats grew
faster than those from mice and their mean DAC-peaked

gsooner. So the shorter wormg found in nude mice could

have fewer DA because they are growing slower than worms

in NIM.

To distinguish whether DA formation was related to
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Table 2. Course of DA formation, worm growth, and
expulsion in nude and NLM mice. @

. Day % Worm ' Mean Worm
Mice p.i. Recovery Mean DA, Length (cm)

7 87 0.4 0.8
Nude 45 100 1.2 5.4
7 80 1.6 2.0
NLM 14 oP - ——-

@Men nude mice and 5 NLM, 8-9 weeks old, each
were given 3 H. diminuta cysticercoids. On
days 7 and 14 p.i., about one-half of each
group was killed and examined for worms.

bNo worms were recovered.

#p £0.05 for mean DA_ on day 7 p.i. between NLM
and nude mouse worms, -
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worm growth rate or thymus competency, 14 thymus-grafted
(TG) nudes, 11 nude mice and'15 NLM each were given a 3c
infection. On days 7, 11, and 14 p.i., 3-5 mice/group
were killed and examined for worms. Worms from NILM had a
significantly higher (p<0.05) hean DA, on day 7 than
both TG-nude worms and nude worms (Experiment i, Table 3).
Again worms from nude mice were shorter on day .7 than
worms from TG—nudes of NLM. By day 11, no worms were
fﬁund in NIM and the few worms found in TG—nudeé_had no
. DA. On day 11 the mean DA, for nudes had not changed'
significantly from day 7. Nude mite retained all their
worms through day iu and the mean,DAc for worms from
nudes remained relatively constant. At least one kidney
" had a viable thymus gland under the renal capsule in all
TG-nudes killed. Isaak (27) showed that TG-nude mice, 6
 weeks after reCeiving a thymus-gland graft, had a PFC
response to SRBC similar to the PFC response of NLM and
substantially higher than nude mice. These TG-nudes also
expelled H. diminuta on schedule. So a restoration of
thymus—dependent functions (seen by an increased PFC
response) in TG-nudes also led to a restoration of the
worm expulsion mechanism. In my experiments the restora-

tion of immune competency was not tested in TG-nudes by
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Table 3. DA formafion, worm.growth, and expulsion in
nude, TG-nude, and NLM mice infected with
H. diminuta. :

, Mice
NLM TG-Nude Nude.
- -Bay pi i = - s
7 11 7 11 14 7 11 14
o Experiment 1@
e ‘ A
Number
of Mice . 57 5 b 5 5 3 3
% Worm : .
Rﬁcoveny - 1000 93" 33 13 - 93, 100 100
Mean DA, 5.5% ~- 2.3-0 0 1.6 1.1 0.6

Length (cm) 1.8 7.5 5.0 1.0 6.9  10.9

CH ¥ R % %% % % % Experiment sDi # # % % % % % % % % % x

Number . ' .

of Mice [ ¥ 3 M 5 s NT
% Worm ~  gi 75 11 NT 100, 100 .NT
Recovery - . . .
Mean DA 2.2 -- 1.6 ~---. NT 3.0 0.7 NT'

Mean Worm 2.9 -—= 1.4

Length (cm) == NT 1.0 4.5 NT

8rifteen NLM, 13.nudes, and 14 thymus grafted nudes
(TG-nudes) were each given 3 H. diminuta cysticercoids.
All mice were 17 weeks old. On days 7, 11, and 14
p.i., 3-5 mice/group were killed and examined for
worms. ¥*p 0.05. :

Fourteen NLM, 7 TG-nudes, and 10 nudes were each
given a 3¢ infection. On days 7 and 11 p.i., one-
half of each group was killed.. NT = Not Tested% .
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determihing a PFC respénse; Baged on Isaak's work, if
TG-nudes expel their worms, then the thymué—graft is
viable and—did.restore thymus-dependent functions. |

To confirm and clarify the results of the first
experiment using TG-nudes a second experiment involvihg
TG-nudes was done. Eight nudes (5 or 10 weeks oid), 7
TG-nudes (14 weeks old) and 12 NLM (8 or 14 weeks old)
were each given 3¢c. On days 7 and 11 p.i., one-half of
each group was killed and examined for worms. On day 7
-p.i., per cent worm recovery for alll3 groups'was normal.
All‘TG-nudes had a viable thymus gland under each renal
.éapsule. Alsd on day 7, there was no significant difff
erence in mean DAc between the 3 groups (Experimeﬁt 2;
‘Table 3) according to the Student's t test. Again worms
- from nude mice were shorter on day 7 than worms from TG—'
nudes.or NLM. By day 11 all worms.were gone from NILM,
one worm was recovered for the TG-ﬁude group; and 100%
of thé worms were recovered from the nudes. A low.
mean DAc was found in wormé from nudes on day 11. In
the experiment involving only nudes and NLM-(Table 2), a
significaﬁt difference was found in the mean DAé between
A-worms from nudes and NLM. - In eiperimeht 1 (Table 3)

involving TG-nudes, tﬁis is also true but the mean DAc
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was diffefent between worms from TG-nudes and NLM. In
experiment 2 (Table 3), no difference in mean DAc is
seen in worms from NLM, TG-nudes, and nudes. Due to this
conflictiﬁg data, no firm conclusion can be drawn about
the thymus competency of DA fOrmation.. |

- Effect of Pan—Specifig»Antibody Suppression with .
Heterologous Anti-p on Expulgion and DA Formation

- In the first experiment, a total of 10 Balb/c mice

'(Cumbefland View_Farmé, Clinton, TN) treated from birth

~ with either heterologous anti-u, PBS, or normal rabbit

serum. (NRS)(See Materials and Methods for injection
schedule) each were given a 3c infection at 5 weeks of
age. On day 7 all 10. mice were killed. Table 4 shows
that the mean DA, did not vary significantly between
groups. Both the PBS and NRS groups had good PFC re%
‘sponses to SRBC whereas the anti-p mice had almost no
plaque-forming ability and thus antibody prqduction to
SRBwaaé effecti&ely suppressed by‘aﬁti—p (Table 4).

| In the séconé expériment, 23 Balb/c mice wére
treated from birth with heterologbus anti-@, PBS, or'
normal goat serum (NGS). Each mouse was infected with
3c at 4-5 weeks of age. On day 7 p.i., four anti-p-,
4 NGS-, and 4 PBS-treated mice were bled, killed, and




Table 4.

Effect of Antl-u suppre351on on a 3 cystlcer-
coid H. diminuta infection in'mice.2

+ Mice’ Treated with

Spleen cells

PBS NRS " Anti-p
Day p.
7 7 7
Number of Mice -y 3 3
%. Worm Recovery 88.7 88.7 88.7
:Meanfnﬁa ~ 2.2 2.1 2.9
Mean Worm
Length (cm) 2.5 1.1 2.7
Mean PFC/10 60.1 27.7 1.4

8en mice treated from birth w1th heterologous anti-p,
NRS, or PBS were infected at 5 weeks of age with 3

H. diminuta cysticercoids.
were given 0.2 ml 10% SRBC i.p.
were bled, killed,

examined for worms, and the

On day 2 p.1i.

all mice

On day -7 all mice

spleens were used in the hemolysis-in-gel assay to
measure the number of PFC to SRBC.

bNo significant différence among groups was found.
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examined for worms. The remaining mice were injected
with SRBC on day 11, and bled, killed, examined for
worms, and PFC on day 16 p.i; On day 7,~per"¢ent worm
recovery wasihigh for all groups. By day 16 only one
anti-p-treated mouse had any worms. " No Qorms were found
in any NGS- or PBS-treated mice or in any other anti-p-
treated mouse. Onlday 7 the mean DAC'was similar between
the two coﬁtrol groups aﬁd between the worms from,NGS-
and anti-p-treated mice. However, the mean DAC was
significantly different betwéen'worms from the PBS- and
. anti-p-treated mice. Why the mean DAC of the PBS control
group is statistically different from the anti—u group |
but the NGS coﬁtrol group is not different'from the
anti-u group is'unknown. There was almost no difference
in worm length betWeén groups on day 7..

A'normal PFC response to SRBC was seen in PBS-treated
. mice but low responses were seen in NGS- and anti-p- |
treated mice (Table 5). The low response in-NGS-treated
mice could have been due to incomplete adsorption of any
anti-mouse activity from the serum or because of anti-
SRBC preéént iﬁ the NGS. The serum IgM levels indicate
.that'fhé anti-p treated mice were effectively suppressed

in regard to IgM production whereas PBS- and NGS-treated
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Table 5. The effect of heterologous anti-p suppression
' in H. diminuta-infected mice in a second

experiment.@
" Mice Treated with .
PBS NGS Anti-y
Day p.i.
.7 16 7 16 7 16
Number of Mice 3 4 L L oy L
% Worm Recovery 88.9 0 100 = 0 100 25
Mean DA_ 2.4P . b.o | -- b6 -
Mean Worm :
Length (cm) 3.4 -- 3.7 -- [ PY -
Mean PFC/l'O6 : -
Spleen cells NT 25 NT 2 NT 0
~ Residual
Circulating . :
Anti-p Titer -= - -- -- 3 1
Serum IgM
Levels Titer 5 .10 7 11 0 0

aTwenty-four mice were each given injections ‘of PBS,
NGS, or awti-p from birth. At 4 weeks of age ali mice
were given a 3c infection. On day 7 p.i. one-half
of the mice in each treated group was bled, killed
and examined for worms. On day 11 p.i. the remaining:
mice were injected i.p. with 0.2 ml 10% SRBC. On day
16 p.i. the remaining mice were bled, killed,. examined.
for worms, and the spleens used to determine the PFC
response to SRBC. Serum was tested for residual anti-p
and ciruculating IgM with Ouchterlony plates.

ﬁhean DA differs significantly only between worms from
PBS-tredted mice and those from anti-p-treated mice.
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mice were pfqducing detectable antibody. Anti-p treat-
ment does not prevent worm expulsion and probably does
not affect DA formation kinetics.
The Effect of In]ectlng Mice with Worm Antigen

on Expulsion, DA rormatlonl,and Clrculatlng Antibody
Levels

Theoretically, 1f immunodeficient animals have worms

with fewer DA, then immuno—stimulated animals should have

worms with more DA. To test this 14 mice were each given
worm Ag (2 mg/ml in PBS) injections according to the

following schedule:

Amount Route | Day
0.25 ml S.C. 0
0.10 ml s.c. 11
0.15 ml i.p. 60

A total of 1.0 mg‘of‘worm Ag was administered over the
2—month period. Mice were each infected with 3¢ on day
67 and killed on day 7 or 9 p.i. Both on days 7 and 9
p.l., only 14% of the worms were recovered. Two rats
infected from the same cysticercoid pool showed 87.5%
recovery on day 14 p.i. indicating normal and viablé
cysticercoids. Serum obtained from worm Ag—injected mice

was pooled for each day and tested for antibody by
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indirect hemagglutination (IHA). Serum from this experi-
ment (labelled 7Ag and 9Ag, correéponding to serum from
antigenized ﬁicé taken on days 7 6r 9 p.i.) had titers'of
10, 240 (Table 6). Tentatively, it appeared that worm
Ag-injected mice éxpelled their worms_faétér. HoWévef;
a lack of a PBS-injection control group makes the results
equivoéal. Other serums from mice given various
infection regiméns were tested and their titers are also
shown in Table 6f Serum from mice naturally infected
had no detectable antibody even if the micé'had been
given 3 infections over a 4 week period. Serum from
infected rats or nude mice also showed no antibody to
worm antigens. |

To see in worm Ag-injection does speed expulsion, a .
secénd experiment with PBS controls was done. Sixty-four

mice were given worm Ag éccording to the following -,

schedule:
Amount ‘ Route ' Day
- 0.20 ml : S.C. 0
0.20 ml . S.C. 4
0.10 ml S.C. o 7
0.10 ml i.p. 11

0.15 ml i.p. 14

A total of 1.5 mg_wdrm'Ag was administered over a 2 week
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'Table 6. Serum antibody titers from mice given combi-

nations of H. diminuta infections and/or

antlgenatloﬁg
Serum ' Infected or b
: Ant%§§nlzed Controls

NMS-~-Normal Mouse Serum 0 0

IS--Immune Serum. These mice had -0 0
received 3¢, 3 times over a 4-
week period and were bled at 5
weeks.

Ag~-These mice had received 3 in- 256 0
jections with worm Ag over a 5- !
week period and were bled at
6 weeks. ,

7Ag--Mice that received 3 Ag injec- 10,240 0

tions over a 2 month period,
infected with 3¢, and then
bled on day 7 p.i.

9Ag--As above except bled on . >1024 0

day 9 p.i. '

73k—— Serum from mice used in the 0 .0
. third 3c experiment. The lar-

.ger number indicates the day
p.i. when mice were bled. . )
3k_'AS above except bled on day 8 0 0
p.i. (See Figure 3).

9 k——Bled on day 2 p.i. 0 -0

18 --Bled on day 10 p.i. 0 0

1lgk——Bled on day. 11 p.i. 0 0

123k——Bled on day 12 p.i. 0 0

50”7 rat--Serum from a rat with a 50 0 0

day infection.

60 rat--60-day infection in a rat. 0 0

7 nude--Serum from nude mice taken 0 Y

on day 7 p.i. .

14 nude--Serum from nude mice taken 0 0

-on day 14 p.1i.

11 serums were adsorbed with SRBC and heated to 56°C
for 30 minutes. Antibody was tested for by IHA. .

b

Controls were tanned cells not coated with worm Ag.
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period. Sixteen mice were also given PBS according to
the same schedule. Mice were infected with 3¢ on day 21
and 8 worm Ag—injected mice/day were killed.on days 5-12
p.1. One-half of the control mice were killed on days 7
and 9 p.i. Figure 11 shows that expulsion was occurring
on day 9 in both control and worm Ag-injected mice. Two
mean DAc peaks were seen for worms from worm Ag—injected
mice: .one on day 6 and one on day 9 (Figure 12). These
were due to several worms with a‘high DA . Control mean
DA, did not differ significnatly from the mean DA, for
worms' from worm Ag-injected mice according to the |
Student's t test. Worm lengths were similar betwéen
worm Ag-injected and control groups.

To see if injecting worm Ag affected the coufse of
worm eipulsion or DA formation in nude mice as well as to
" determine if nude mice will respond to worm Ag with anti-
body formation, 12 nudes and 12 NLM were divided into

4 groups of six mice each:

Group Number ' Mouse . Treatment
1 NLM L PBS
2 NLM . Worm Ag
3 Nude : - PBS
b Nude _ " . Worm.Ag
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O Antigenized mice
O Control mice

oo

Figure 11.
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Time of worm expulsion in mice given Ag
injections over a 2-week period. Sixty-
four mice were given Ag i.p. or s.c., 5
times over a 2-week period. Sixteen mice
were given PBS. All mice were given 3c and
on days 5-12 p.i., 8 antigenized mice/day
were bled, killed, and examined for worms.
On days 7 and 9 p.i., 8 PBS-treated mice/day
were killed and examined for worms.
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Figure 12. Mean DA of H. diminuta from antigenized
and confrol mice. See legend for Figure 11
for experimental details.
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Mice were . given injections of PBS or worm Ag (2 mg/ml in

PBS) according to the following schedule:

Amount A Route : Day
0.20 ml s.C. 0
0.10 ml S.C. 7
0.15 ml i.p. 14

A fpfal of 0.90 mg worm Ag was given to each mouse
receiving worm Ag. Mice were each infected With.BC on .
day 21. One-half of each group were killed on da& 7
p.1. and the rest on day 14 p.i. One worm Ag-injected
nude and 1 worm Ag-injected NLM were bled for serum
immediately before infection. Serum-wasfreco&ered‘from
the killed mice on days 7 and 14 p-i. to test for anti-
body. On day 7 low per cent worm recovery was foﬁnd in
both-groups of nude mice but worms from NLM mice wefe
recovered at normal‘leveis (Table 7). The low recovery
from nude mice was probably due to shorter worms (and
hence‘noﬁdetectable by the recovery techniques used) iﬁ
. nude mige (See Table 2) rather than some expulsion mech-
anism or a lack of cysticercoid infectivity. .Worms frﬁm
both groups of nude mice were about the same length (1.2
‘and 1.0 cm) and worms ffom PBS-injected NILM were almost -

1 cm longer than worms from worm Ag-injected NLM (2.3
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Comparison of nudes and NLM given Ag or .PBS -

Table 7.
and infected with 3 H. diminuta cysticercoids.
- . Day % Worm Mean Mean Worm .
Group p.i.  Recovery DA Length (cm) Titer
NLM-PBS 7 77.8 5,20 2.3 0
14 0 ——- ——- 0
14 0 -—- —— 64
Nude-PBS 7 55.6 0 1.0 -0
| 14 100.0 0.2 13.8 0
14 0.4 9.4

83ix nudes and 6 NLM were injected with worm Ag and 6
other nudes plus 6 other NLM were glven PBS accordlng

t6 the same 2 week schedule.

infection.

b
on day 7 p.i.

All mice were given a 3c.

Three mice/group were bled, killed, and
" examined for worms on days 7 and 14 p.i.

for mean DA

No significant difference between groups was found
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and 1.2 cn, réspectively); Injection with wofm Ag
appeared to stunt worm growfh in NLM in this experiment.
No significant difference was foundubetween the mean DAC.
in any group on day 7 p.i. according to the Student's.
t test.

By day 14 p.i. both NLM groups had expelled‘théir
worms but both nude groups had a high per éent worm re-
covery. The level of DA was low in both nude grouﬁs,
though worms from PBS-injected nudes were somewhat longer
than those from worm Ag-injected nudes. No antibody was
found in the serum of any nude mouse. Worm Ag-injected
NIM had a mean serum titer of 256 on day -7 p.i. and 64
ohlday 14. PBS-injected NIM had no measurable levels of
circulating antibody. Worm Ag iﬁjection did not appéar
to affect DA formation in worms from nudes'of NIM even
‘though antiﬁody is formed in NLM in response to worm Ag
injections. Also, antigenation did not affect worm
expulsion.

Pagsive Transfer of Serum from Mice Previougly
Injected with Worm Ag or Infected with E; diminuta

To test the effect of serum from infected and/or
worm Ag injected mice on worm expulsion arid DA formation,

five'gfoups of mice (5-6 mice/group) 9 weeks old were
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given 0.5 ml of the following serum i.p. on day -1:

Normal mouse serum-NMS
Serumsgrom mice with a secondary infec-
tion-2.

Group 1
2
3 Serum from worm Ag-injected .mice (titer of
L
5

16)-IV

Serum from worm A —igéected then infected

mice (titer of 32)-1 Ag K

Serum from worm Ag-injected mice (titer

of 64)-Ag 1
All serums were filtered to remove any cells. On day O,
mice were each given 3c. On day +1, all mice were again
given 0.5 ml of the appropriate serum i.p. On day 7 p.i.
all mice were killed and examined for worms. Two mice
from each group were bled to determine residual antibody
titer, if any. Worm recovery from NMS- and Zo—treated
mice was normal (Table 8) and the per cent worm recoVery-
for worms from Ag 1-treated mice was low. The low per

. s st
cent worm recovery for mice given IV or 1

Ag K serum
indicates that expulsion was occurring by day 7 p.i. or
that many of the worms did not grow. Worms from mice
given serum with detectable antibody were less than 1 cm
long whereas worms from NMS- or 2°-treated mice were 1.6

and 1.3 cm respectively.. Mean DAC was at normal levels

for NLM- and Zo—treated worms, but was‘dramaticélly re-
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Table 8. The effect of passively transferred serum on
H. diminuta in mice. @ '

Passive . Mean
' Antibody % Worm Mean HesSidual ..o
Group Serum “pniyor " Recovery DA Antibody p oo
c Titer
(cm
b c
1 N%S 0. 83.3 4,3 0 1.6
2 2 0 86.7 3.1 0 1.3
3 Ty, 16 60.0 0.3 2 0.9
4 1 Ag K 32 53.3 0.8 1) 0.7
5 Ag 1 64 73.3 0.2 0o 0.7

®Five groups of mice (5-6 mice/group) 9. weeks old
were given 0.5 ml serum i.p. on day -1. On day 0,
all mice were given'a 3¢ infection. On day 1 p.i.,
all mice were again given 0.5 ml serum i.p. On
day 7 p.i., all mice were killed and examined for
worms. Two mice from each group were bled and the
serum tested for residual antibody.

bAbbr_'eviations used in this experiment are as follows:

NMS-~Normal mouse serum.

2 --Serum from mice with a secondary infection.

I¥z-Serum from antigenized mice. '

17" Ag K--Serum from antigenized, then infected
mice..

Ag 1--Serum from antigenized mice.

cThe mean DA for groups 1 and 2 was statistically
equivalent Ss was the mean DAc of groups 3, 4, and
5. However, the mean DA for~ groups 1 and 2 was
statistically different from the mean DA_ for groups
3, 4, and 5 with the exception that the Mean DA .
for group 2 was equivalent to the mean DAC for group L,
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duced in worms from mice given IV, 1St Ag K, or Ag 1

serum. The mean DAC for worms from NMS- and Zo-treated
‘mice wés statistically equivalent as was the mean DAC for

worms from IV-, 1SJC

Ag K-, and Ag l-treated mice. The
-mean DA, for groups 3, 4, and 5 was different from the
mean DAC for groups 1 and 2 (Table 8), with the exception
that the mean DA, for group»z was equivalent to the mean
'DAC.for group 4. Residual serum antibody to worm Ag in
serum from passively immunized mice was O for Ag 1-
treated mice and 4 and 2 for 15% Ag K and IV-treated mice,
fespectively. The data would seem to indicate that serum
from mice injected with worm Ag when passivély trans-
férréd into naive mice causes expulsion to occur éarliér.
However, as seen in previous experimenté, antigenized
mice with measurable circulating antibody to worm Ag did.
not.expel their worms earlier than normal mice (Figure
11). It is unknown why serum from worm Ag-injected mice,
when passively transferred to naive hosts, does cause
earlier expulsion but does not cause earlier expulsion

in the original worm Ag-injected hosts. Also the mean
DAC‘Was much lower in worms from all groups of mice
receiving passively tfénsferred serum from worm Ag;

injected mice. This seems to indicate that there are
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fewer and smaller DA formed in the face of an immune
response. Therefore, DA actually decrease in the pre-

sence of an immune response.

Injection of Rats with Worm Ag

If mice respond to worm Ag injection with antibody
formation and this serum is protective when passively
transferred, then what effect does worm Ag injection have
on rats? To test this 8 rats and 16 mice were given worm
Ag injections and infected with 3c according to the same
schedulé used for the nude mouse worm Ag injection
éxperiment (page 54). Four other rats were given in-
5ections with PBS. On days 9 and il p.i., onéfhalf of
the mice and one-half of the worm Ag-injected rats were
killed. ©PBS-injected rats were all killed on day 11 p.i.
Most worms were gone from the mice by day 9 and mice were

only bled. There was no difference in mean DAC in worms

from worm Ag-injected and PBS-injected rats or between

‘days 9 and 11 in worm Ag-injected rats (Table 9). Worms

from worm Ag-injected rats are somewhat longer than those
from PBS-injected rats. Antibody titers of 128 and 256
were found in serum from worm Ag-injected mice on days

9 and 11 p.i. respectively. However, no'antibody was




Table 9. ~Expulsion and
‘genized rats.

64

1

mean DAc of worms from anti-

P vl ol
Number Day % Worm  Mean NMean Antibody
Group of 4 Worm .
Animals P-i: Recovery DA, Length Titer
(em
: 2 ‘
Rats-Ag - L 9 100 1.1 10.1 0
3 11 100 0.5 25.4 0
Rats-PBS L4 11 100 0.37 18.6 0
Mice-Ag 8 9 0 ——- ——= 128
8 —— -—— 256

11 . - 0.

1Eight rats and 16 mice were given worm Ag injections

over a 2-week period.

Four other rats were given PBS.

All animals received 3 H. diminuta cysticercoids. On
day 9 p.i., ohe-half of the antigenized rats and mice

were bled, killed, and examined for worms.

The re-

maining animals were killed on day 11 p.i.

2

No significant difference was found between groups
for the mean DAc on any day.
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detected in serum from any of the Worm Ag-injected rats-
or PBS-injected rats. Rats evidently do net recognize
worm Ag as foreign or, alternatively, low dose tolerance
was induced by the injection schedule. A lack of re-
sponsiveness of rats to worm Ag probably is related'te
the inability of rats to expel their worm burdens.

The Effect of Feeding Worm Ag on Mean DA and
Expulsion of H. diminuta from Mice

Feeding proteins orally has been shown to induce
tolerance (17, 78). Wiil prefeeding mice worm Ag delay
worm expulsion or affect DA formation? - To test this,
12 mice, 8 weeks old, were given worm Ag (2 mg/ml werm
Ag in PBS) orally by stomach tube according to the |

following.scnedule;

Amount . Day

0.20 ml 0
0.20 ml- 4
0.10 ml - 7
0.10 ml - 11.
0.15 ml 14

Ten mice were given the same amount of PBS. Mice were -
each given a 3c infection one week after the last day
of feeding worm Ag. A total of 1.5 mg worm Ag was

administered over a two week period. One-half of each
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group was bled and killed on days 7 and 11 p.i. On day
7 p.i., worm recovery in both worm Ag-fed and control
groups was similar and by day 11 worms were gone,from
both groups (Table 10). The mean DA, on day 7 p.i. was
'significantlyndifferent‘between mice given worm Ag
orally and those not. Serum from mice given worm Ag
orally also had measurable antibody titers to worm Ag.-

To see if a different dosage would affect expulsiqn
or DA formation, a second experiment with feeding worm
Ag was done. A single lafge dose of 20 mg worm Ag was -
given orally to 8 mice and 8 other'mice received PBS.
Foufteen days leter all mice were given 3c and all mice
were killed on day 9 p.i. Per cent worm recovery for
worm Ag-fed mice and. normal controls was almost equel
(Table 11). Accordlng to the Student's t test there was
no significant dlfference between the mean DA, of worms
from worm Ag-fed and control mice. Worm lengths were
also equivalent between groups. 'No serum was collected
to test for antibody. In summary, feeding werm Ag can
stimulate antibody formation but does not affect the time -
when worms are expelled. The reason why the mean DAC
is dlfferent between PBS- and worm Ag-fed mice in one

experlment but not the other is unknown
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Table 10. The effect of oral antigenation on the
mean DA and expulsion of H. diminuta from

mice.®
Mice Day % Worm Mean Mean Worm Antibody
p.i. Recovery DAC, Length (cm) Titer
. Oral 7 77.8 5.5C 1.4 D
' 11 0 - B 128
PBS 7 85.7 1.3 - 1.7 0

11 -0 - ——- 0

2Twelve mice 8 weeks old were fed worm Ag and
10 controls were given PBS over the same 2 weeks.
All mice were given 3c and on days 7 and 11 p.1.
one-half of each group was bled, killed, and examlned
for worms. :

bNonspecific agglutination in control wells.

cp?<0.05 when comparing mean DA on day 7 p.i.
between worms from orally antléenlzed and control
mice.
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Table 11. The effect of a single, oral antigenation
of mice with 20 mg worm Ag on thg course of
DA formation and worm expulsion. :

' Day % Worm Mean Worm
G?QUP p.i. Recovery Mean DAC Length (cm)
PBS - 9 33.0 0.6 3.8

oral 9 37.5 6.3° 3.1

- 8gixteen Balb/c mice were divided equally into 2 :
groups: one was given 20 mg Ag orally via stomach. -
tube and thé other was given PBS. After 14 days,
both groups were given a 3c infection and all mice
were killed on day 9 p.i.

PNo significant difference between groups -was found.
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Incubation of Worms In Vitro in
Glucose-Salts or Serum

To see how DA on worms responded once‘the wWOorm was
removed from its host, H. diminuta (harvested on day 7
p.1.) were placed in 5 ml of Hank's Balanced Salts
Solution (HBSS) at room temperature for up to 11 h
and worms were observed for changes in DA about every
30 min. Worm 1 Had no DA originally and was cut in half;
a DA formed on the half containing the scolex at the cut
but the rear section did not form a DA at the cut. The
DA on the half wifh the Sscolex remained throughout the
entire 11 h. Worm 2 began with no DA but was gouged and
DA formed on both sides of the gouge. These DA remained
throughout the 11 h. One.other DA appeared elsewhere
on the wérm 9 h later but was gone within an hour. Worm |
3 was missing both the scolex and the most rear strobila.
DA appeared in great numbers at 3 h and disappeared
within an hour to be replaced by a second, different set
"of DA 2 h later. No DA were found at 11 h. Worm 4 had
DA before incubation but these were gone within 26 min.
of the WOrm being placed in HBSS; DA increased from 9 h
on. Worm 6 began with many DA but all DA were gone after

90 min. in HBSS. DA appear to be very transient and
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factors other than gross mechanical damage can mediate -
their formation. | |

DA may be the result of dehydration (8). .In an
attempt to mimic possible DA formation in zlzg, the
concentration of salts in HBSS was varied in vitro.
Seven-day old H. diminuta were placed in 5 ml of 0.2X,
1X (normal), and 5X HBSS for 1 h at room temperature.
Two worms/HBSS concentration were tested. DA disappeared:
from:worms placed in 1X (isotonic) HBSS within 10 min.
of iﬁcubatibn and several DA appeared and disappearéd
before the hour was up . Worms remained active through—“
out the hour. In hypotonic HBSS (O.ZX), worms relaxed
and became elongafed. Worms became inactive by 20 min;
After 30 min., the scolex was retracted and the strobila
developed several "pinched" areas. After 45 min., some
extrﬁsion of internal worm material was noted and DA
formed around the "pinched" areas. Worms held in hyper-
tonic (5X) HBSS became inactive by 5 minutes and most
of fhe strobila turned dark. Integument disruption was
noted by the presence of debris‘around the worm. Hypo-
tonicity or hypertonicity appear.to the able to mimic
DA in vitro. | |

To test the role of serum antibody and/or complement
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in DA formation, H. diminuta were washed in HBSS-and
placed into a spot plate well containing 0.5 ml sefum +
0.5 ml HBSS at room temperature. -Each sérum was done iﬁ

duplicate and the following sera were used:

Serum _ S - Titer
NMS 0
Immune Serum-Thrice infected mice 0
Serum from worm Ag-injected mice 10,240
Serum from worm Ag-injected mice 16

HBSS . --

Observations weré'made every 10 min. during=the‘first
hour. After‘l h, 0.3 ml of 1:10 guinea pig complement
was added to alternate wells. Most worms that began with‘
DA lost them 15 min. aftef being placed in serum re-
gardless of the titer. Some worms that began with no or:
few DA showed more DA within 15 min. but by 30 min. all
DA were gone. A third group of worms started out with
DA, repaired them by 15 min,]but shortly thereafter
devéloped a different_éet of DA Which bersisted for 90
minutes or the entire 3 h.'.Only 1 worm died. No ex-
trusion 6f<worﬁ contents or precipitate was séen.
Complement had no effeét.on DA nor on worm viabillity.

In a second experiment worms were incubated in eiﬁher

NMS (not heat inactivated) or in serum from worm Ag-
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injected mice (titer 21024, heat inactivated). The
worms were examined at +40 min., complement was added,
and the plate was incﬁbated at a higher temperature of
3700 for 30 min. Worms were then examined again. At
+40 .min., worms in NMS were dead but no extrusion of worm .
contents was evident. Worms in antisera were active.
At +70 min., all worms were dead; and .copious amounts.
of internal worm contents were extruded. No DA were
seen at +40 or +7O min. on any worm, Cémplement alone
or with antibody will kill the worms but worms do ndt_
form DA as a result of the action of complement.

Delayéd—Type Hypersensitivity to H. diminuta
Infection in Mice _"

Mice given a 6c infection were challenged with worm
'Ag in one hind foot pad and with PBS‘in the other hind
foot pad on days 7, 9, 11, and 14 p.i. and swelling was
measured with dial-guage calipers at times 0 (before
injection), 3, 24, and 48 h. Uninfectedvcdntrols were
challenged in fhe same manner. The infection leyel was
high (91.7% worm recovery) in 4 infected mice killed on .
day 7 p.i. In noninfected mice, a transient, mild inflam-
mation was seen at 3 h post-challenge by a slight.swelling

in the foot receiving worm Ag. The foot returned to
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normal by 24 h. This same nonspecific 3 h swelling was
also seen in infected mice. No DTH response (swelling

at 48 h) was evident on days 7, 11, and 14 p.i. However,:
on day 9 p.i., a very definite signficantly different
response was present at 48 h (Tabie 12). The DTH re-
sponge was transient and roughly correlated with when
expﬁlsion began in previous experiments. The transient
nature of the DTH reaction could possibly be due to a
lack of certain antigens in the worm Ag preparation.

Morphology of Cellular Infiltrate in a Foot Pad
Undergoing a DTH Response to Worm Ag

Swollen foot pads-were removed from infected mice
.which were challenged with worm Ag on day 9 p.i. Confrol
foot pads were removed from mice which were not infected
but were challenged with worm Ag. The foot pads were .
fixéd, embedded, sectioned and stained as stated else-
where. Control foot pad morphology -is seen in Figure 13.
A vefy definite cellular infiltrate (CI) is seen between
the epidermis and underlying muscle tissue (Figure 1#). o
On higher power most of the cells in the CI have the in-
dented nucleus that is characteristic of monocytes. |
Other cell types seen include many small to medium lymph-

ocytes, some eosinophils, and a few polymorphonuclear
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Table 12. Delayed- type hypersensitivity response to-
: worm Ag in a 6c infection in mice2

: Time
Number .
-Day . .. b Challenge '
of 4 Infection e .
Mice i Solution 0 3 24 48
6 7 + Ag 1.99 2.3 2.2 2.3
. PBS 2.0 2.1 2.1 2.0
4 % - Ag 1.8 2.4 1.9 1.9
PBS 1.9 2.2 1.9 1.9
6 9 + Ag 1.8 2.1 2.1  3.1°
PBS 1.8 2.0 2.0 1.9
L 9 - Ag 1.8 2.1 1.9 2.0
PBS 1.8 2.0 1.9 2.0
5 11 + Ag 1.8 2.3 2.0 2.1
PBS 1.9 2.1 2.0 1.9
6 14 + Ag 2.0 2.4 2.2 2.2
PBS 2.0 2.0 1.9 2.0

a‘I‘wenty -gseven 6¢ infected mice and 8 control uninfected
mice were tested for DTH responses by foot pad swelllng
on day 7, 9, 11, and 14 p.i. with dial-guage callpers
after challenge w1th Ag or PBS.

Piice infected with 6c-- +
Uninfected mice ~=----- -

COne hind foot was injected with 0.03 ml Ag and the
other with 0.03 ml PBS.

dMean foot pad thickness in mm,

€p €0.05 when compared with the PBS control and w1th
uninfected mice.




Figure 13. Control mouse foot
pad morphology. The stratum
corneum (SC) is clearly seen
overlaying the epidermal layer
(E). BReneath the epidermis is a
layer of connective tissue (CT)
containing fibroblasts followed
by muscle (M) bundles.

Magnification = 100X.

Figure 14. Cellular infil-
trate (CI) in worm Ag-injected
foot pad of H. diminuta-infected
mouse at 48 h post-injection.
The swelling is so marked that
muscle tissue is not seen
and the layer of connective
tissue (CT) is compressed.

Magnification = 100X.

Sl
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neutrophils. The predominance of these cell types and
'time when swelling occurs (48 h) indicates that thehfoot
pad swelling can be classified as due to delayed-type
hypersensitiyity. .

Morphological Comparison Between Dark Areas
and Normal Tissue

DA from fresh, unstained 7-day old worms are seen
in Figures 15-17. A very marked difference in the ability
of the tissue to transmit light is clearly seen. The DA
shown in Figures 16 and 17 are +4 and +8, respectively.
Scores of +1 and +2 are seen in Figure 15. No differ-
‘ence between normal tissue and DA could be seen using
H & E staining probaﬁly due to thick sections. However,
epoxy-embedded tissue stained with bésio (pH 9) Toluidine
Blue O showed distinct differences between normal areas
and DA. Normal tissue had more cells per unit area aﬁd

the cells had more cytoplasm and cytoplasmic extensions
than DA (Figure 18). 1In DA sections a pink-staining
fluid filled the interstitial spaces between cells
and the cells were smaller and feWer in number. Cells
in DA had fewer vacuoles than cells in normal tissue
FLgure 19). DA appear to be characterized by an internal

accumulation of fluid which disturbs the normally densely




Figure 15. Wet mount of H.
diminuta showing +1 and +2 scoring
DA. Magnification = 40X.

Figure 16. DA of H.
diminuta with a score of
+4. Magnification = 50X.

Figure 17. DA with a total score
of +8. Magnification = 50X,

L




Figure 18. Toluidine Blue stained section of
normal H. diminuta tissue. Brush border (BB),
cuticle_TC5, parenchymal cells (PC), and medullary
region (Me). Magnification = 256X.

Figure 19 . Toluidine Blue stained section of
H. diminuta DA. The cells are smaller and less
densely packed than in normal tissue. Legend and
magnification are the same as above.
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packed parenchymal cells. The origin or content of
the fluid or why it accumulates is unknown. The fluid
is slightly basic as seen by it's pink staining reaction.

“ Electron Microscopy of DA and Normal Tissue
of E; diminuta from Mice

Tissue from H. diminuta 7 days old was first fixed
in glutaraldehyde, deh&drated, embedded in epoxy resin,
sectioned and post-section stained with uranyl acetate
and Reynolds lead citrate. Normal tissue is shown in
Figure 20. The finger-like projections on the surface
are microtricheé (Mt) (46) and they form the brush border
(BB). They are conical and enclosed by a unit membrane
(arrow)f Below the microtrichal border is a nonceliular
syncytium called the cuticle (C) composed mostly of
dumbell-shaped discold secretory bodieé (DSB),.micro-
tubular complexes (MTC), and mitochondria.(M). The
microtubular complexes are thought to function in ion
or water transport (76) or in sensory reception (69).
Separating the cuticle from the parenchymal cells is the’
fibrous basement layer (F). This layer is composed of
tightly packed fibers consisting of a protein similar to
collagen(44). Longitudinal and circular muscle bundles

(MB) are Yelow this in the'parenchyma. ‘The parenchymal




Figure 20. Normal H.
diminuta tissue. Line bar =
1 um. The single lone arrow
denotes the unit membrane
covering the entire worm.
The double arrows indicate
cell processes connecting
the cuticle with the paren-
chymal cells. All other
abbreviations in this and
following micrographs are
as follows: 1

BB: Brush border
C: Cuticle o
DSB: Discoid secretory body o
F: Fibrous basement layer

li: Mitochondria

MB: Muscle bundle

Mt: Microtriche

MTC: Microtubular complex
SCi- Subcuticular canal
V: Vacuole
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cells have many processes which are interspersed with
many winding subcuticular canals (sC). The main organ-
elles visible in the parenchymal  cells are the mito-
chondria and nuclel. EndoplasmiC‘reticﬁlum and the
Golgl apparatus are generally not found. Ofténtimes
cellular processes extended from the\parenchyma up into
the syncytium (double arrows, Figure 20) and vaéuqles
were quite often seen in muscle bundles and cell pro-
cessed. Tissue fixed in both glutaraldehyde and osmium
tetroxide had fewer vacuoles; the osmium evidently stained
fhe.contents of the vacuoles. Vacuoles also occasionally
occurred in the Cuticle; The cuticle was sometimes
pyknotic in normal‘tiséue.(Figure 23) .

DA exhibited some structural changes as compared-
to normal tissue. The most striking change seen was the
disarray of the parenchymal cell processes and .muscle
bundles. The fibrous basement layer was also less
'loasely packed with individual fibers easily seen (Figure.
21). DA from 10-15 worms examined, all exhibited this
disoriéntation of the parenchymal stroma and the loosely
packed fibrous layer. The cont?ast is clearest in
Figure 22 where two neighboring strobila show both nor-

mal and DA morphoiogy."The microtrichal border is
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Figure 21. Dark area tissue in H. diminuta. Note the
disarrayed fibrous layer and parenchyma. Some DSB appear

to have swollen and expelled their contents.
1 pm.

Liine bar =

e

(4]




Figure 22 . Neighboring strobila from a single worm.
One proglottid shows morphology typical of normal tissue
and the adjacent proglottid shows a DA being formed.
Line bar =2 pm.

£8
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- Figure 23 . Pyknotic cuticle Figure 24 . Vacuole in pyk-
in normal H. diminuta tissue. | notic cuticle in DA of H.
Line bar = 1 pm. diminuta. Again the DSB are

swollen. Line bar = 1 um.
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intact.  More occasions of a pyknotic cuticle wére found,
though it was still rare (Figure 24). Mifochondfia and
nuclel were apparently unaffected. The discoid secre—"
tory bodies nearer the fibrous layer appeared to be
empty and expanded as 1f they had emptied their contents
internally (Figure 21). In DA some vacuoles were found
in the cuticle but this also was rare (Figure 24).

DA aﬁd normal tissue taken from worms from mice
treated with anti-p, nude mice, or worﬁ Ag-injected mice
(nude or normal) exhibited no morphqlogical differences
from that described above. This seems to indicate that
the preéenoe or absence of an immune response to the
worm does not affect the basic tissue morphology. DA
and normal tissue morphology did not change with with
immune status of the mouse host.

Morphology of Worms Incubated in Concentrated
or Diluted Hank's Balanced Salts Solution

DA and normal tissue wére excised from H. diminuta
recovered on day 7 p.i. Which had been previouslj
incubated in.O.ZX, 1X, or 5X HBSS in an earlier eXxperiment
(bage?O ). DA and normal tissue from worms from 1X HBSS
were no different than DA or normal tissue morphology

as shown in previous photos. Normal-appearing tissue
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taken from worms incubated in hypotonic (0.2X) HBSS
appeared vacuolate and the musclé bundles were very
enlarged (Figure 25). The basement fibrous layer was not
tightly packed, and individual fibers‘were easlly seen.
The cuticle appeared intact. DA tissue from these worms
was similar except the lack of parenchymal cells and
muscle bundleslwas more evident. The DSB also appear
to be swollen and a vacuole appeared in the cuticle
(Figure 26).

Normal tissue from worms inéubated in hypertonic
(5X) HBSSIShowed a disrupted brush borders (arrows) and
disintegrating mitochondria in fhe cuticle (Figure 27).
DA showed similar disruptions but againAthe parenchymal
elements were more sparse. Normai tissue incubated in
hypotonic HBSS most closely mimiced the morphology .of
DA. This points to tﬁe idea that DA represent an area
of the worm that is hdving difficulty maintaining a
correct fluid-salt balance with it's environment. Other
factors, however, are also invo}ved as the normal tissue
incubated in hypotonic HBSS did not become opaque to

transmitted light.




Figure 25. Normal tissue from Figure 26 . DA from H. diminuta in-
H. diminuta incubated in 0.2X cubated in 0.2X HBSS. The parenchymal
HBSS. Note the large vacuole, tissue 1is particularly sparse and
loosely packed fibrous layer DSB appear swollen. Line bar = 1 pm.

and the enlarged muscle
bundle. Line bar = 1 pm.
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Figure 27. Normal tissue from a
single H. diminuta incubated in 5X
HBSS. Note the disintegrating brush
border (arrows) and the loss of struc-
ture in cuticular mitochondria. Line

= 1 pm.
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Scanning Electron Microscopy of H. diminuta

H. diminuta were viewed by light microscopy to note
the location of DA. The worms were theh fixed whole in
glutaraldehyde, dehydrafed, and critical point dryed.

By scanning electron micrscopy, Figure 28 shows a nbfmal
worm section and Figuré’29'shows,an area where DA were
seen by light microscoﬁy. Note the swollen areas at.
the arrows; fhié may be due to an internai accumulation
of fluid. :This swelling was also seen in ahother worm
in the area of a 1érgeiDA. High magnification showed
little detail of the surface of the worm due to poor
resolution. Howéver microtriches have been clearly

seen by other workers (77).




Normal H. diminuta

Figure 28.
Vagnifi-

strobila under SEM.

Figure 29 . DA of H. diminuta
under SEM. Two swollen areas
(arrows) in the center repre-
sent two +3 DA. Magnification
=slpishier
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DISCUSSION

The pattern of DA formation seen in the experiments

described herein could be generally represented by line

A in the graph below:

Number of DA

%xpulsion begins
Time e—
DA increased in number and size until 1 or 2 days before
expulsion began and then decreased, the decline continuing
as expulsion began. However, Befus and Threadgold (8)
found the pattern of DA formation in their system gener-
ally followed line B in the graph above. They noted that
DA increasel in number up to and beyond the point where
the expulsion of worms began. On the basis of their
data, they hypothesized that the formation of DA is
immunologically mediated, that DA are the result of the

host immune response to the worm and represent worm

e A
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damage. ‘Line A and line B are vaiously different. Does
this mean, then, that my data will still support the idea
that DA formatlon is 1mmunologlcally mediated?

If DA formation is immunologically mediated, then
the pattern of DA farmatién should vary with the immune
gstatug of the host. In normal micé, increasing the
immunogenic dose by changing th; intensity of thé worm
infection resulted in earlier ekxpulsion, whibh is
immunologically mediated, but the mean DA, graph was
not significantly changed. Also, the few worms recovered
from secondary infections had few and small DA and thej
should have had more DA if DA were the result of an
immune response. These data support the ideé tﬁat DA
may not be the result of the host immune response.

When.mice and rats were infected from the same
cysticercoid pool and killed on the same day p.i. for
worm removal, it was found that the mean DAC differed
only on 1 day out of the 4 tested. Rats do nét,expel
their worms but do form IgE in response to an infection
(21); mice expel their worms but do not form any circu—'
lating IgE or other classes of .antibody specific for the
worm (4). Also mice respond to worm Ag injection with

antibody formation but rats do not (Table 9). Itvis
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quite clear that the host immune response to the worms
differ. This suggest that DA may not even be the result
of the host immune regponse but rather could be a
phenomenon intrinsic to worm metabolism or maturation.

" Worms from an immunologically compromised animal
should have few or no DA. The nude (athymic) mouse pro-
vided the ideal model to test this. Nude mice lack the
ability to reject allografts (60,80) or xenografts (72),
and have a drastically reduéed antibody response to T-
dependent antigens (38,60,80). They cannot mount a
delayed-type'hypersensitiﬁity response (65) and fail to
produce eosinophilia.(56) or reagenic antibody (50):

Nude mice cannot expel many parasites unless given a
thymus-gland graft (31,68,70) and in some cases the para-
site burden overwhelms nude mice (11,30,66). Isaak (28)
found that nude mice do not expel H. diminuta and the ex-
.periments described herein confirmed this (Table 3).
However, nude mice given thymus-gland grafts did expel
their worms. This indicates that the expulsion mechanism
is thymus dependent.

In one experiment, the mean DAc for worms from nudes
was indeed significantly lower than worms from NLM (Table

2). However, in the two subsequent experiments using
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nudes, TG-nudes, and NLM no difference was found between
the mean DAC for nudes and TG-nudes on day 7 p.i. (Table
3). In one (but not both) of these experihents, worms
from NLM had a significantly higher mean DA, than nudes
or TG-nudes. This seems to indicate that some other fac-
tor besides the thymus gland is causing the worms from
nudes and TG-nudes to have fewer DA, if, in fact, they
do (Table 3, Experiment 2). Nude mice have other anoma-
lous conditions, besides being athymic, which include an
altered adrenal cortex (the absence of the zona reticular-
is and zona glomerulosa which secrete mineraloactive
corticosteroids)(45), decreased fertility (60), and they
tend to survive poorly in normal surrounding, often
wasting after 3 months of age. Perhaps one of these
other deficiencies has a more direct effect on DA. The
restorationlof thymus competency to nuaes clearly result-
ed in worm expulsiéh;'however, no firm conclusion can
be made about the thymus dependency of DA formation.

Worms from nude mice were generally smalier than
those recovered from NLM oﬁ the same day p.i. (Tables 2
and 3). However, the mean worm lengths differed between
experiments for worms from TG-nudes. In one experimenf B

the mean worm length of worms from TG-nudes was similar
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to that of worms from NLM and in another case was similar
to that of worms from nudes (Tablelj). No conclusion can
be drawn about the effect of thymus competency on worm
length until more experiments using H. diminuta infections
in nude and TG-nude mice are done. It is of interest to
note that nude mice are more resistant to the intra-

erythrocytic protozoan Babegsia rhodaini than NLM.

Mitchell (51) postulates that some T-cell dependent
phenoménon may accelerate the development of parasitemia.
Could it be that some thymus dependent phenomenon
stimulates worm growth?

Nude mice are not always more susceptible to parasite
infections. Nudes and NLM do not differ in their suscep;
tibility to an oral dose of Ascaris suum eggs (53).

This is also true of nudes and NLM infected with

Schistosoma mansoni (61), Fasciola hepatica (Mitchell,

et al., unpublished data), and Plasmodium berghei (52).°

It is quite obvious that'the immune responses to the
parasite by the host differ in type and intensity
depending on the parasite studied.

Another immunodeficient mouse model used is mice
treated with hterologus anti-p. The expulsion kinetics

of several parasites was not affected by anti-p treatment
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(27,29,32). However, antibody is important in the-
. immunological control of other parasites. Mice injected

with heterologous ‘anti-u die when infected with Plasmodium

yoelii_whereas normal controls survive the infection (79)..

H. diminuta from mice treated with heterologous
anti-p from birth did not have a mean DAC'that differed
significantly from control groups treated with normal
gserum or PBS on day 7 p}i. However, in the second expérﬁ
‘iment, a higher mean DA, for worms from anti-p-treated ”
mice as compared to PBS-treated mice was found. The mean
DAC betWeen worms from NGS- and anti-p-treated mice or
PBS- and NGS-treated mice was equivalent. If anfibody‘
to worms antigens directly or indirectly affect DA ‘
formation, it would be expected that worms from anti-p-
treated mice would have a lower instead of a higher mean
DAC than control groups. This is not found‘experiment—s
aily.. Therefore, it seems likely that the higher mean
DAC in the-seéond experiment is anomalous. A lack of
antibody—producihg potential in mice does not affect the
mean DAC' DA are probably not qaused by.specific gnti—
body interacting with the liviﬁg worm.

Immunization with larval or whdle worm homogenates

does confer specific protection against challenge in
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some gystems. This has been found in infections with

Megocestoides - corti (40), Ascaris guum (74), and Taenia

taehiaeformis (42).
| ﬂ; diminuta from immunopotentiated (antigenized)‘
mice were not expelledzany faster than controls -and showed
a DA formation responsé similar té normal contfols.
Mice were known to be immunopotentiated because circulat-
ing antibody to worm Ag was found and when thié serum was
passively transferred, an increased expulsion rate was
found. Thé mice were responding immunologically to worm
Ag but this response did not affect DA formation kinetics.
Again no relationship between mean DA, and the immuhe
status of the host could be defected.

Rats vaccinated orally with excretory-secretory

antigen from adult N. brasiliensis had a high level of

immunity upon challenge (63). With H. diminuta; wornm Ag
fed orally to mice gave no protection (Tables 10 & 11).
However, circulating antibody fo worm Ag was found in |
serum from mice fed worm Ag orally. In one case worms
from orally fed mice had a higher mean DA, than those
from controls and in one case they did not. No firm
conclusion can be drawn about the éffectof‘prefeeding

worm Ag has on DA formation.
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Passively transferred antibody can enhance parasite

expulsion. Antibody passively transferred will reducéj

the reproductive rate of Mesocestoides corti (39), inter-
fere with the development and reorganization of H. nana
oncospheres (18) and, in some cases,‘céuse earlier

expulsion of N. bragiliensis (58).

Serum passively transferred ffom mice antigenized
with worm Ag causéd worm expulsion to occur earlier and
significantly reduced the mean DAc as compared to contfols
(Table 8). $So there is a correlation between expulsion |
and the mean DA . DA formation is reduced in the pre-
sence of an immune interaction between serum and the
worm. However, the expulsion of H. diminuta induced by
passively transferred serum could be by a different
mechanism than the expulsion seen in a normal infection.
No antibody was found in serum from naturally infectéd
mice and expulsion probably occurs by a mechanism other .
than.éntibody.

Complement is cestocidal. When Echinococcus

granulosus  protoscoleces or adult worms are placed in any

serum containing complement, they immediately lyse and
die (22). The adult worms contract and darken. Then

they become swollen, distorted, and the tegument
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ruptures. Also E. multilocularis protoscoleces incubated

for 30 minutes in ffesh rat serum showed,tegumental
disruption and damage to underlying tissue. This
complement-mediated damage is probably activated by
antibody on the surface of the protoscoleceé (35). The
‘incubation of T. taeniaeformig larvae in rat antisera’

14

in vitro for 6 h led to a marked uptake of ~ C-glucose

when compared to controls. This was found to be coﬁple-
ment dependent (55). Complement and/or immune serum |
damage other parasites also (14,33).

Complement dbes not appear to be part of the mechan-
ism causing DA. H. diminuta incubated in compiement
in vitro do not darken before or after death. In elec-
tron micrographs of DA, the brush border and external
plasma membrane are intact and no holes are visible.
This implys that DA formation is probably not due to
complement disrupting the integrity of the external
plasma membrane. '

Collectively, the data discussed above suggest that
DA are not immunologically mediated; Then, héw can the
decline in DA formation (Line A, p.91) be explained?
I would suggest that DA actually disappear in the face

of an immune response. The decline in mean DAC before
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expulsion begins could mean that thé host immune résponée
is affecting the parasite and this is manifested by a
loss of DA. Worms found between days 9 and 11 p.i. in
noermal infections represent worms that are‘being acted
on immunologically (and hence have a reduction in DA
size and number). Then the worms are expelled.

DA evidently are not a measure of the host immune
- response. However, other parameters were measured which
iﬁdicaté that mice do immunologically respond to H.
diminuta. A transient DTH response Was seen at 48 h .
Ipost—challenge in H. diminuta-infected mice challenged
. with worm Ag in a rear foot pad on day 9 p.i. Challenging
‘on earlier or later days p.i. yielded no DTH responses. |
The lack of a DTH response later than day 9 p.i. could
be due to a lack of certain antigens in the challenge
gsolution or it could mean that the responding cells are
only primed in the presence of an active infection.
The absence of certain antigens in the challenge
solution is probably the most likely explanation of why-
no DTH‘responses are seen after day 9 p.i. ‘

Cell-mediated responses are seen in infections
involving other cestodes and nematodes. A cell-mediated -

and immedlate-type response to T. taeniaeformis in rats
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(41,42) and to T. spiralis (43) has been shown. Also
the spleen cells of infected animals exposed to proto-

scolex or hydatid fluid of E. granulosus showed an

increased thymidine uptake‘(B).

DA are probably the result of an edema caused by
an acpumulation of worm fluids internally. The fluid
probably does not come from the external environment into
the worm because worms incubated in hypotonic HBSS or .
in complement do not turn dark. DA do not appear to.be
due to an increase in cuticular permeability. The‘
probably scenario of how DA are formed is as follows:
The excess fluid of unknown origin swells the discoid

secretory bodies (DSB) of the cuticle (Figure 22). The

DSB eventually burst, releasing their contents internally.

The fluid level inside the worm rises and eventually the
parenchymal cell processes and fibers in the fibrous
layer are forced apart by the pressure of the fluidh

DSB ‘are thought to be packages of worm secretory or ex-
cretory products passing between the parenchymal cells
and the external worm environment and/or enzyme products
and solutes being brought into the worm (13). So the
local fluild accumulation might be caused by a breakdown

in the transport system of materials via the DSB.
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Some possible areas of investigatidn for future

experiments could include:

1) More experiments to clarify the nature of
the DTH reaction to worm Ag. Is it under thymic
control? Is it transferrable by cells? Is it
related to worm expulsion? Why does it appéar to
be so transient?

2) Why do worm Ag injection;nof confer resis—.
tance on injected mice yet serum from antigenized
mice which is passively transferred does? Will
nudé mice given.passiveiy transferréd_serum from
antigenized mice expel their worms? Are cellular
controls involved somehow?

3) Do DA have higher levels of Ig's on their
surfaces as opposéd to normal tissue? What are the
classes and when are they seen on the integument
during the course of an infection?

) Does DA formation have a physiological basis?
Will "poisoning” the lon transport system cause
DA to form?
| 5) Why don't rats respond to worm Ag injection
with antibody formation? Is tbislrelated to the

rats' inability to expel their worm burdens? Is

RS
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H. diminuta in the fat truly an endocommensal (26)¢%
6) Are immunoglobulins present on the in—
tegument of worms from anti-y-treated mice?
7) Is specific antibody found in the -intes-

tinal contents of mice infected with H. diminuta?
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