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APSTRACT
Effects of Trichinella splralis on the fmmune response

By Nagwa Aboul Atta

The immune responses to heterologeus antigens of mice infected
with T. spiralis has been studicd. The humoral responses in infected
animals were depressed. The three stages of infection (adults, newborn
larvae, and cncysted larvae altered the immune response against shcep
erythrocytes (SRRC). Assaying humoral responses by lLaemolytic plaque
formation against sheep erythrocytes, it was shown that IgM responses
are markedly deprcssed, but IqgG responses were not affected either
after primary or sccondary innmunization.

The antibody responses, mesasured by the haemagglutination and haemo-
lysin tests, against the T-dependent antigen SRBC vere depressed by the
three phoses of infection. MHowever, the antibody responses against the
T-1independent antigen, lipopolysaccharide, was only depressed in animals
infected for 30 days.

Macrophages have an important role in the immune response and acti-
vation of the phajocytic propcrties of macrophages was demonstrated in
animals infected with adult phase of 1. epiralis infection. Later phascs
of infection shcwed activated macrophage function only when large nurbers
of larvae were inoculated.

Animals infected with 1. spiralis cleared the passively transferred
macioglobulins faster than did the uninfected controls showing that thelr
rate of catabolism was increascd.

It has also shown that 7. spiralis infection increased the affinity
of antibody for hunan serum &lbumin antigen. The same effect was demon-
ctrated with the three stagec of infection.

These findings are discussed in the light of the present knowledge
of host pararite rclationship. It is suggested that many factors are
responsible for the immunodezpression induced by T. spiralis.




TAGLE OF COMNTENTS
Page no.
List of tables 9
LisL of figures 14
Chapter 1 : Introduction 19
A review of the literature on imnunodepreseion
by infectious organisms.
Chapter 2 : General materials and methods
J. Laborastory animals.
II. rarasite
1. Strain
2. Preparation of infective material
3. Determination of rates of infection
4. Treatment of infected aninals

5. Statistical analysis

Chepter 3 : Effect of different stages of T. epiralis infection

on the nurber of plaque forming cells.
Introduction
Determination of antibody forming cells by placue
assay
a) Immunization of aninmals
b) Preparation of the medium
¢) Preparation of the complement
d) Preparation of Cunningham chambers
e) Preparation of the suspension of lymphoid cells
f) Viability test
g) Preparation of the RBC for the ansay
h) Proucedure of Cunningham modification of the

Jerne plaque agsay




Preliminary experiments
Exporiments and results
Effcct of T. spiralis infection on the number of
pPlaque forming cells in mice immunized with SREC.
Effcct of T. spiralis on the number of PFC after
secondary imnmnization with SRBC.
Discussion
Chapter 4 : Effect of T. spiralis infection on antibody levels
in the sera of mice.
Intxoduction
Materials and methods
Preparation of the sera
Measurement of anti-SRBC hacmagglutinins
Measurement of SRBC haemolysins
Estimation of minimum haemolytic dosc of the
complement.
Haemolysin assay.
Measurement of anti-lipopolysaccaride by
complement mediated haemolysis.

Coating of SRBC with LPS.

The assay.

Preliminary experiment
Statistical analysis
Experiments and results:
1. FEffect of T. spiralis infection on haemagglutinin
and haemolysin antibodies against SRBC.
l. Effect of full infection

2. Effect of intestinul phase




Chapter 5

Chapter 6

Chapter 7

Page no.

I1. Effect of T. spiralis on antiborly titres
against the T-independent antigen LPS.
1. Effect of full infcction
2. Effect of developing and intestinal
phases.

Discussion

Effect of 1. spiralis infection on macrophage

activity.

a) Effect of T. spiralis infcction on the clearance
of ]251 PVP from the blood as an indication of
macrophage activity.

Effect of T. spiralis infection on the clearance

of SLCr-labelled SRBC.

Labelling of SRBC with S]Cr.

Experiments and results
Discussion
Effect of T. spiralis on antibody catabolism
Introduction
Prepration of macroglobulirns
Experiment and result
Discusaion
Effect of T. spivilis infection on the affinity of
antibody for human serum albumin
Introduction
Measurement of antibody affinity
Experiments and resulte

Discuesion

Gaoneral discucsion and conclusion

References




Tuble nn

I,

L1ST OF TABLLS

The nunboer of IgM (dirxect) PFC in spleens of
immunized and unimmunized animals at different
times after immunization.

Numbers of PFC of immunized and unimmunized animals

by direct and indirect assays using different

1
dilutions of rabbit antimouse IgG.

The number of IgG PFC in splcens of immunized and
unimnounized animals at different times aftex
immunization.

Effect of 30 day infection of T. spiralis on the
number of IgM and IgG PFC produced in the spleen
in response to inoculation of SRBC.

Effect of a 30 day o0l1d T. spiralix infection on
IgM PFC 7 day response to inoculation of SRBC post
infection and assayed.

Effect of a light 30 day old infection on

T. spiralis on splecn IgM PFC assayed 4 days after
immunization with SRBC.

Effect of the intestinul stage of T. spirelis on
the PFC response to SREBC when acsayed 4 and 9 days
post imnunization.

The effect of the intestinal phase of T. spiralis
infection on the number of PYC 7 days after

immunization with SRBC.




Pagec no.
Effect of infection witl irradiated (i.e. sexually
sterile) T. spiralis on the development of gpleen
PFC in response to the jnoculation of SRBC 11 days
after infection.
Effect of adult stage of 7. spiralis infection on
the number of PFC 7 days after immunization with
SRRBRC.
Effect of a low level irradiated T. spiralis
infection on spleen PFC in response to SKBC
inoculation.
Effect of T. spiralis on the number of IgM PFC
after primary immunization with SRBC using SRBC

and HRBC in vitro.

Effect of different ages of T. spiralis infection

on the primary immune response.

Effect of different stages of infection of

1. spiralis on spleen Prc (4 and 9) days after
SRBC infection.

Effect of T. spiralis on spleen PFC after
secondary immunization.

A summary of immunodepression induced by

T. spiralis judged by PFC assay during primary
response.

Titres of total and DIT resistant (i.e. IgG)
haemolysins in the serum at different times after
SRBC inoculation.

Effect of a 30 day old T. spiralis infection on

antibody production upon immunization with SRBC.




Jable no.

19. Effect of a 30 day old light T. spiralis infection
on haemagglutinins after SRBC injecticn.
Effect of the intestinal phase of T. spiralis
infection on antibodics upon SRBC injection.
Effect of irradiated T. spiralis larvae (i.e.
intestinal phase only) on the production of anti-
bodies againegt SRBC.
Effect of a light irradiated (i.e. intestinal

phase) infection on T. spiralis on haemagglutinins

against SRBC.

Effect of a light methyridine terminated infection
of T. spiralic on haemagglutinins against SRBC.
Effect of methyridine on antibody titres 4 days
after SRBC injections.

Effect of full infection of T. spiralis on the
haemolysin titres against ILPS.

Effect of full infection of T. spiralis on
haemolysin antibodies against LPS.

Effect of a 14 day old T. spiralis infection on
anti-LPS hacmolysins.

Effect of early phases of T. spiralis infection on

antibody titres against LPS.

Effect of T. spiralis at different ayes of infection

on the antibody response against LPS.

Summary of the effect of T. spiralis infection on
antibody levels.

Effect of number of blood samples (n) used to

-1
calculate X 1251 PVP h .,




Table no.

32, Effect of sex on 1251 PVP clearance.

L
33.  Effect of T, spiralis infection on 1271 pyp

clearance 1 week aftor infection.

Lffect of 7. spiralis infection on 1251 pvpP
clearance 2 wecks after infection.

Effect of T. spiralis on 1251 PVP clearance

3 weeks after infection.

Effect of T, spiralis on clearance

4 weeks after infection.

Effect of T, spiralis on clearance

6 veeks after infection.

Effect of T. spiralis on -° clearance

8 weekn after infection.

Effect of T. spiralis cn clearance

1 week after infection.

Effect of 7. spiralis on clearance

2 weeks after infection.

Effect of full infection and intestinal phasa of
T. spiralis infection on SICr-SRBC clearance.
Effect of a 14 day old T. spiralis infection on
51Cr—SRBC clearance.

Effect of different ages of T. spiralis infection
on 51Cx--SRBC Clearance.

Catabolism of 1251 macroglobulins in blood of normal
mice infected with T. spiralis.

Effect of a 7 day old T. spiralis infection on

affinity of antibody for HSA antigen.




Table no.

46. Effect of a 14 Aay old T. spi

59115 infection on

affinity of antibody for HSA antigen.,

47. Effect of different ages of T. spirelis infection

on affinity of antibody for HSA antigen.




L1IST OF FIGURES

Fig. no. Page no.

Life cycle of Trichinclla spiralis in the laboratory 22

Diagram of the MacMastcr counting chamber used for

counting excysted muscle larvae
Cunningham slide chambers:

a) Making the chambers

b) Sealing the chamber in molten wax

Photograph of a plaque showing antibody forming cell

at the centre of an area of haemolysis

The number of IgM (direct) PFC in spleens of immunized

and unimmunized animals at different times after
immunization

Plot of KI titration, using spleen cells from mice

immunized 4 days before

Plot of KD titration, using spleen cells 9 days after

immunization

The number of 1gG PFC in spleens of immunized and

unimmunized animals at different times after

immunization

Effect of 30 days infection of T. spiralis on the

number of IgM and IgG PFC produced in the spleens

in response to inoculation of SRBC

Effect of 30 duy T. spiralis infection on IgM PFC

7 day response to inoculation of SRBC post infection

Effect of light 30 day old infection of T. spiralis

on spleen IgM PFC assayed 4 days after immunization

with SRBC




Effect of intestinal stage of T. spiralis on the

IgM PFC recponse to SRBC when

assayed 4 days

after fmmunization

Fffect of intestinal stage of

glvfpiraljﬁ on PFC

response to SRBC when assayed 2 days post

immunization

Effect of the intestinal phase c¢cf T. spiralis

infection on the number of IgM PFC 7 days after

immunization with SREBC

Effect of infection with irradiated (i.e. sexually

sterile) T. spiralis on the development of spleen

PFC in response to inoculatiocn of SRBC 1l days

after infection

Effect of adult stage of T. spiralis infection on

the number of PFC 7 days after immunization with

SRBC

Effect of a low level irradiated T. spiralis

infection on spleen PI'C in response to SRBC

inoculation

Effect of T. spiralis on the number of IgM PFC

after primary immunization with SRBC using SRBC

and HRBC in vitro

Effect of different ages of T. spiralis infection

on the primary immune response to SRBC

Effect of different stages of infection of

T. spiralis on spleen PFC (4 and 9) days after

SRBC injection
Effect of T. spiralis on spleen PFC after

socondary immunization




¥Fig. no. Page no.

2l. Titres of total and DIT resistant (i.e. IgG) haemo-

lysins in the serum of diffcrent times after SRuC

inoculation

Effect of a 30 day old T. spiralis infection on
antibody production upon immunization with SRBC
Fffect of a 30 day light T. spiralis infection on

haemagglutining after SRBC injection

Effect of intestinal phasc of T. spiralis infection

on antibodies upon SRBC injection

Effect of irradiated T. spiralis larvae (i.e.
intestinal stage only) on the production of anti-
bodies against SRBC
Effcct of light irradiated (i.e. intestinal phase)
infection of T. spiralis on haemagglutinins against
SRBC
Effect of light methyridine terminated infection of
T. opiralis on haemagglutinins against SRBC
Effect of methyridine on antibody titres 4 days after
SRBC injection
Effect of a 30 aay T. spiralis infection on the
hacmolysins against LPS
Effect of a 30 day old T. spiralis infection on

haemolysins against LPS

Blood radicactivity at cifferent times after 1251 PVP

injection

32, Effect of sex on 125! PVP clearance 168
33. Effect of 1 week T. spiralis on 1251 PVP clearance 173

34. Effect of 2 woeks 1. spiralis on 125! PVP clearance 173




rage no.

2
Effect spiralis on l 51 PVP clearance 176

125
Effcect of spirelis on JI PVP clearance 176

-
Effect of ‘ecks T. spiralis 1231 PVP clearance 179

&
Effect of weeks T, spiralis on 12)I PVP clearance 179

2
Effect of week T, spiralis on 1 51 PVP clearance 183

[
Effoct of wecks T. spiralis on 12JI PVP clearance 183

-
51 r-srBC

Effcct of day T. spiralis infection on
clearance

Effect of 30 day old T. spiralis Jinfection on Slcr—SRBC

clearance

Effect of 14 day old T. spiralis infection on 51Cr-SRBC
clearance

Effect of 7 day old T.spiralis infection on 51Cr—SRBC
clearance

Effect of 11 day old T. spiralis infection on Slcr-SRBC
clearunce

Effcct of 14 day old T. spiralis infection on 51Cr—SRBc
clcarance

Effect of 30 day old T. spiralis infection on 51Cr-SRBC
clearance

Elution profile of serum proteins from a column of C.200
Sephadex

Effect of a 7 day old T. spiralis infection on 1251
macroglobulin clearance

Effect of 4 14 day old T. spiralis infecction on 1251
macroglobulin clearance

Effect of a 30 day old T. spiralis infection on 125!

macroglobulin clcarunce




Langmuir plot of ideal antikody-antigen binding
Effect of 7 day old T. opiralis infection on the
affinity of antibody for HSA

Effect of 14 day old T. spiralis infection on the

affinity of antibody for HSA

Effect of different ages of T. spiralis infection

on affinity of antibody for HSA




AL:n.u‘:_‘:r?r._l‘

INTRODUCTTON

Many parasitic orconisus give rise Lo chronic infections :in
¥ c g

theix primery hocts. Furthermore, acquired insuunity to parasiltes is

oiten slow Lo develop and is frequently incomplete (Ogilvie and

Wilson, 1976).
1t would be advantageous to vaccinatc agadnst the variovs puathcyens
as evccessful vaccination should ensure long lasting protectioa of the

host despite continuous exposure to the infective stages of the patho-

gens. One of the greatest challenges in medicine is the develcpment
of vaccines effective against the major parasitic diseases of man.
¥hilst a great dcal of time and cffoxt is curreatly being devotad to
research into vaccines againest parasites, the only sucecessful prevaration

s far in general use against parasitic infection is Dictel, the vaccine

prepared from irradiated larvae of Dictyccaults viviparus given as double

dose Lo calves (Jarrctt et al., 1959) .
1t has reccntly become increasingly apparent that some parasites
facilitate their own survival by evading the immune response of the host.

Examplee of the mechanisms responsible for this are antigenic variation

in the trypanosomes (Vickerman,

1978) 3 incorporation ¢f host blood

group antigens intc the tegument of schistocom2es (Smithers and Terxry,

1976) and inhibition of cumplement, depletion of C3 levels and generxation

of anaphylatoxin activity in normal serum in vitru and depression of rat

serum complement in vivo, by Taenia tacniaeformis (Hammerberg et al..

1976) .

There is, in addition, avidence that somo parasites cauca

immunodapression fn tholr hoste (sce next section). DParamito induced
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imnunodepression can affect the host in various ways. Parasites

may aggravate host's susceptibility to other micro-organisins such as

bacteria, viruses, fungi, protozoa and helminths. It may render the

parasitised host more liable to develop spontaneous tumours. Further-
more, parasitic jinfections may depress the effectiveness of vaccination
against other infectious agents and may lead to the host making less
effective immune rcsponses against the homologous parasite., Hosts
harbouring parasites may be less likely to develop auntoimmune diseases.

Since parasitic infections are prevalent throughout the world, an
understanding of how they induce altered states of immunologic responsive-
ness may be important in the ultimate control of many parasitic infections
or may provide the means of restoring immune responses. Moreover, in
tropical and subtropical countries, most vertebrate hosts are parasitized
by more than one parasite at the same time. The importance of this in
respect to immunity and immunodepression deserves attention.

In this thesis the effect of Trichinella spiralis on sone aspects

of the inmune response to heterologous antigens will ba investigated.

7. spiralis is a gut dwelling nematode which has received consider-
able attention and study since it was discovered by Paget in the carly
nineteenth century. This parasite serves as an excellent model for a
variety of experimental investigations. All the stages of the life
¢ scle occur within one host, it is easily maintained in the laboeratory
in various experimental animals such as mice, rats, hamsters and guinea
pigs, it is easily handled and counted and presents very little dangaer

to the laboratory worker.




Life evycle of ¥. swiralis.

In many areas of the world, the pig has been the chief source of
Trichinella infection of man. In nature, infection occurs when man
ox anothexr flesh cating mammal ingests raw or inadeguately cooked meat
containing viable encysted Trichinella larvae. The action of the
digestive juices in the stomach frees the larvae within a few hours.

The freed larvee moult 4 times and becone adultsin the small intestine.
The adults burirow into the intestinal mucosa. Gould (1945) hac cobserved
that larvae had penetrated the intestinal mucosa as carly as 1 hour
after experimental infection in rats. In experimental trichinosis,
thcere are epproximately twice as many fcmale intcutinal adultz as males.
Copulation and ovulatjon occurs in the intestine 25-40 hours after
infection. It is thought that the difference in time of insemination
anong various female trichinellae might be influenced by such factors

as the scx or the type of the host and, porhaps by different amounts

of by-producte by the parasite.

The female of this parasitic nematode is ovcviviparous (Christenson,
1950), since the eggs hatch in utero and motile first staye larvae are
born in the intestinal mucosa »f the host. The nunbaer of newkcrn larvae
(NBL) deposited by each female ranges from 1500 to 2300 (Campbell and vaksris
1969) .

Larvae are born from S5 days after infection (Denham and Martinez,
1970). The notile larvae mcasuring about l0C um x 6 um enter the
lymphatics of tho intestine, and pass to the thoracic duct and finally
the blocd stream and are distributed throughout the body of the host
(Hlarley and Callicchio, 1971).

It is belicved that T. spiralis has a predilecticn for skeletal

musicles, due to a special organotropism. The larvac which reach the
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skeletal muscles are the only oncs which survive and continue the life

cycle. After penetrating the skeletal muscle fibres, the larvae under-

go a period of development (attaining a length of about 1 mm, 15 days

after infection of the muscle cell), coil and become encapsulated. The
mature lorvae are able to resist the action of the acid-pepsin digesting
juices and hence bucome infective to another host that might ingest the
infected muscle.

The normal life span of the adult worms in the intestine varies
according to the species and strain of the animal, but generally worms
are eliminated from mice by 15 days after infection. Females are
eliminatcd more rapidly than males (Denham, 1968).

In mice most adult worms parascitize thec anterior half of the small
intestine for the first 1l days (Larsh et al., 1952 quoted from Larss,
1970) . A tissue response, mild inflammation, is noted about 4 days
post infection (Larsh and Race, 1954). About 8 days post infection,
inflammation reaches an acute phase accompanied by massive infiltration
of polymorphonuclear leucocytes. At about 10 days after infection, the
inflammatory reaction becomes subacute (or chronic) and accompanied by
infiltrates of mononuclear cells, mainly lymphocytea. Most of the adult
worme are expelled in the next few days.

In rats, about one half of the inoculated larvae are lost within
24 hours. Petween 9 and 12 drvs, there is a significant loss of adult
worms (Gursch, 1949), and between 15 and 18 days, all of the remaining

worms are eliminated.




A REVIEW OF THE LITERATURE OHN

IMMUNODLEFRIISSION BY INFECTIOUS ORGANISMS

The study of the immune response to an unrelated antigen of animals
which have becn primed previously with one antigen is one of the most
important problems in the field of immunology and the factors which
regulate the immune responses in infected animals have received
particular attention during the last few years.

It is not only infections that cause a lowered immune response.
Waterston (1970) showed that immunization of mice with pig erythrocytes
(PRBC) caused impairment of antibody responses to subsequent fmmunization
with shecp erythrocytes (SRBC). The same effect was observed in many
species of animals with a wide variety of antigens (Adlex, 1964).

Alteration of the immune response of mice to SRBC caused by previous

inoculation of polyacrylic acid (PAA), Escherichia coli lipopolysaccharide

(LPS) and dextrane sulphate (DS), compounds mitogenic for B lymphocytes

in vitro, have been reported by Diamantstein et al. (1976) . The injec-

tion of these mitogens 2 - 4 days before immunization depressed the
immune response whereas the same compounds enhanced the immune response
when injected half an hour before immunization of animals with suboptimal
doses of antigen. Injection of incomplete Freund's adjuvant into mice
2 - 3 days before SRBC can also suppress antibody forming cells (Finger
et al., 1973).

Bacteria can modulate the immune mechanism to unroclated antigens
in several ways, including enhancing and depressing effects (Munoz, 1964
and Zabriskie, 1967). The earliest reports of immunodepression by a
bacterial product was the report of Bradley and Watson (1964), that

the ondotoxin of E. coli diminiched the production of actinophage




neutralizing antibody by LALE/c mice.

Rumerous bacterial species or bacterial preducts are reported to
have immunodepiessive activity on humoral or cellular levels (sumcarized
by Schwab, 1975). The dose of agent, timing of injections relative to
antigen, nature and dose of antigen are important factors which affect
the immune response. Malakian and Schwab (1968 ond 1971) demonstrated
an imfunodepressant in partially purified extracts of mechanically dis-
rupted gxoup A streptococci. A single injection of this extract into
uice one or seven days before SRBC antigen depressed both IgM and IgG
plaque forming cells in the spleens of mice but injection of the extract
1l or 2 days aftexr the injection of antigen had no effect.

Several reports have shown that Corynebacterium parvum is a good

adjuvant when injected before an antigen (Howard et al., 1973 and Neveu
et al., 1964). However, lymphocytes from mice injected with C. parvum
show & depressed responsiveness to phytohaemagglutinin (PHA), as well
as a reduced mixed lymphocyte culture response and graft versus host
reactivity (Scott, 1972). Johnson et al. (1967), Franzl and McMaster

(1968) and McMaster and Franzl (1968) dcmonstrated that Salmonella typhi

endotoxin could cither enhance or depress antibody formation in mice
immunized with SRBC depending on the time of its administration. If
an antigen was given with endotoxin or shortly thercafter, an increased
antitody response vas obtained whereas, in contrast, injection of endo-
toxin onc oxr two days before antigen, caused depression and often pre-
vented antibody formation.

Chisari et al. (1974) showed that cholera endotoxin is an adjuvant
when 0.05 ug is injected with antigen and a depressant whoen injected 12
hours before or after antigen.

The importance of the dose of an antigen in regulating the immune

response has buen shown by Finger et al. (1972af8). With a suboptimal doce
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of 2 x 10" SREC buth 19 § and 7 S antibody-forming ceclls were

temporarily depressied but when Bordetella pertussis was injected after Hl“’

antigen, there was an enhanced response. The secondary response to
SKREC could be depressed if the organisms were given 2 days befcre a
sccond injecticn of 4 x 10B SRBC (Finger et al., 1972a). Howard et al.
(1973) observed that B. pertussis vaccine injected into mice with § ug
of pneumococcal type III capsular polysacchaxide (S IIXI) reduced spleen

plaque forming cells (PFC) against S III 6 days later. The vaccine had

little effect when given 4 days before S III but therc was an increased
response to SRBC when this antigen was injected with B. pertussis
vaccine.

Wilkie et al. (1976) reported that Pasteurella haemolytica type I

in combination with Freund's complete adjuvant (FCA) can induce depres-
sion of the primary immune recponse to SRBC in mice, while failing to
elicit detectablec antibacterial serum agglutinins. It is most inter-
esting that they showed that depression could be adoptively transferred
to syngeneic mice with viable spleen cells treated with antithymocyte
serum (ATS) or anti-mouse globulin (AMG) plus complement but is abro-
gated by treatment of transferred cells with some batches of normal
rabbit serum. They suggested that depression was mediated by a viable
cell other than T or B lymphocytes.

Splecen cells from mice previously primed with virulent Listeria
monocytogenes organisms have been tested in culture for their ability
to develop a humoral immune response to SRBC (Kongshavn et al., 1977).
Spleen cells from primed mice did not develop an anti-SRBC PFC response

to SRBC in cultures. 1In addition, when L. monocytogenes primed spleen

cclls were cultured with normal spleen cells and SRBC, the anti-SRBC

response of normal cells was depressed. The immunodepressive effect




developed two days after L. menocytogenes inoculation and pecaked by
day 6. Lffective Limunodepression was also demonstrated when

L. monocytogenes primed spleen cells from T-cell depleted donors were
used. Jlow doses of L. monocytogenes produced some enhancement rathex
than the depressive cffect.

The production of antibodies or cell mediated immune (CMI) responses
can be increasecd, decreased or qualitatively changed with bacterial anti-
gens, however, changes in the humoral response are not related to the
CMI response so that depression or delay of the antibody response can
occur with or without depression or stimulation of the CMI response.

Immuncdepression of the CMI response caused by bacteria have been
reported by many workers. Evidence for the capacity of C. parvum to
depress the CMI response has becn presentecd by Collins and Scott (1974).
They showed that mice injected with 700 pug of killed organisms did not
develop characteristic delayed hypersensitivity against Salmonella
enteritidis, although the mice were more resistant to infection with
this organism. Depression of the CMI response by endotoxin has also
been reported (Floersheim and Szeszak, 1972). 1In this report, howevey,
only a dcpression of the effector mechanisms of delayed hypersensitivity
was demonstrated. The in vivo depression of CMI response described by
Henney et al. (1973), is also primarily on the efferent side. C57 BL/6
mice were immunized with BDA/2 mastocytoma cells intraperitoneally and

cyéolytic activity of spleen cells obtained 1l days later was measured,

in vitro, by 51C: rclease. One microgram of cholera endotoxin (CE)

injected on the day of immnunization had no offect, whereas injection of
CE 4 days after immunization gave 70% inhibition of cytolytic effect
and injection on days 7, 8, 9 or 10 gave 1008 inhibition. In contrast

no prolongation of skin graft across this same allogencic barrier was




obtained. Using granuloma formation in response to Schistosoma mansoni

cggs as a model of delayed hypersensitivity, Warren et al. (1974) con-
cluded that CE produced a more impressive depression of the CMI response
than antilymphocyte serum or other immunodepressive meazures tested.

Apart. from the experimental demonstration of depression with
bacterial agents, Turk and Bryceson (1971) found that patients with
lepromatous leprosy had delayed rejection of skin grafts.

Recently, impairment of the immune response induced by viruses has
been studied. Bro-J¢rgenscn et al. ( 1975) reported that mice infected
with lymphocytic choriomeningitis virus (LCM) showed a 92-96% reduction
of the thymus-dependent, anti-SREC PFC responses 2-4 weeks after infection.
However, the respounses to the thymus independent antigens, ILPS, § III and
polyvinyl pyrrolidcne (PVP), were close to normal at all stages of the
infection. On the other hand, there was a significant impairment of the
allograft response of infected mice. Dunmire et al. (1975) demonstrated
that the addition of both measles and purified protein derivatives (PPD)
to lymphocyte cultures can have a variable effect on lymphocyte responsive-
nees to PPD alone in vitro. The effect varies from marked inhibition to
enhancement beyond a summation effect. The variation was related to
lymphocyte donor, dose and concentration of either antigens. Earlier,
it had becen demonstrated that live, attenuated measles vaccine also caused
diminution of skin test responsiveness to tuberculin (Bech et al., 1962;
Mellman and Wetton, 1963 Starr and Berkovick, 1964; Friday et al., 1968;
Brody and McAlister, 1964; 2zweiman et al., 1971) to PPD, Candida, vaccinia
and diphthoria toxoid (Fireman et al., 1969; Friday ct al., 1968).

When splecn cells from mice infected with Rowson-Parxr virus (RPV)

were cultivated with SRBC, they showod markedly lower PFC responses than

3
those in spleen cells from normal mice. Addition of as few as 10™ spleen




cells irom RPV infucted mice Lo culiures of normal splenocyles also
markedly depressed the expected responce (RBendinelli et al., 1975).
They also showed that normal peritonecal cxudate cells, but not thymus,
bone marrow or unfiactionated spleen cells, restored immunocompeterce
to cultures of spleen cells from RPV infocted mice but did not affect
the depressive properties of the infected cells on normal splenocytes.

In humans, the effect of attenuated rubella virus infection upon
cell-mediated immunity has been studied (Ganguly et al., 1976). The
vaccine was given to volunteers either by nose drops or by subcutareous
injection. The rubella vaccine induced transient depression of the CMI
response which lasted until week 4 aftexr challenge in most veoluntecrs
but the response returned to normal in all volunteers by week 6. The
three parameters studied vwere delayed hypersensitivity to Candida, mumps
and PPD, lymphocyte stimulation by PHA and spontaneous production of
macrophage migration inhibjtion factor (MIF). Xauffipanet al. (1974) have
confirmed the depressive effect of rubella virus on CHMI. Dermal hyper-
sensitivity was markedly impaired in volunteers during the height of
1llncss after experimentally induced rubella infecticn. However, the
response to PHA and the number of T lymphocytes in peripheral blood werxe
not changed.

A number of other viruses are also known to depress thymus-deopendent
imuune functione in animale (rcviewed by Notkins et al., 1970). Examples
are smallpox (Hughes et al., 1968), mumps (Kupers ct al., 1970), polio-
myelitis (Berkovich and Starr, 1966) , influenza (Reed ot al., 1972),

RNA leukaemogcenic viruses (Dent, 1972), Friond leukemia virus (Mortensen

et al., 1974), Moloney sarcoma virue (Kirchner ot al., 1974), and murine

sarcoma virus (Gorczynski, 1974).

Infection with protozoan parasitesc can also alter the immune response.




Inmuncdepression induced by malaria was reported by McGregor and Bre
(1961) vho noticed that children in malarious areas, in the Gambia,
produced poor antibody responses to vaccination with tetanus toxoid.
Other clinical evidence for immunodepressive effect of malaria had
becen reported carlier as Salmonella spp. intections are recognized
complications of malaria therapy for necurosyphilis (Hayasaka, 1933
quoted by Bennett and Hook, 1959) and bacterial infections are com-

monly seen in children in the tropics with acute Plasmodium falciparum

malaria. Greenwood et al. (1972) and Grecnwood (1974b) reported that
childien with acute malaria showed a diminished antibody response to
tetanus and S. typhi vaccination although their CMI responses werxe
normnal. Mice experimentally infected with malaria alsc produce lower
than normal levels of antibodies upon immunization with SRBC (Salaman
et al., 1969) and depression was most marked at the peak of parasit-
aemia. Much more work has confirmed immunodepression by malaria
infections using a wide variety of hetexrologous erythrocytes as anti-
gens, (Greenwood gE_gL., 1971 ; Barker, 1971; Sengers g&_gi., 1971;
Weidanz and RanK,1975z) , human gamma globulin (Greenwood et al., 1971 ),

Salmonella typhimurium (Kaye et al., 1965), murine sarcoma virus and

urcthane leukemia virus f(Salaman et al., 1969), T. spiralis (Bruce and
Philips, 1974) and tetanus toxoid (Voller et al., 1972, and Greenwood
et al., 1972). Recently, Cox et al. (1974) have shown that Rowson-Parr

virus causes depression of the splenic response of mice infected with

Plaumodium vinckei chaubaudi and with Plasnodium berghei yoelid.

However a normal immune response to keyhole limpet haemocyanin (KLH),

normal contact sensitivity reactions and PHA transformation of lympho-

cytes have been demonstrated in malaria infecied mice (Greenwood et al.

1971 ).




Immuncdepression induced by malaria was reported by McGregor and Barr
(1962) who noticed that children in malarious areas, in the Gambia,
produced poor antibody responses to vaccination with tetanus toxoid.

Other clinical evidence for immunodepressive effect of malaria had

complications of malaria therapy for neurosyphilis (Hayasaka, 1933
quoted by Bennett and Hook, 1959) and bacterial infections are com-

monly seen in children in the tropics with acute Plasmodium falciparum

malaria. Greeuwood et al. (1972) and Greenwood (1974b) repoxted that
children with acute malaria showed a diminished antibody response to
tetanus and §. typhi vaccination although their CMI responses werxe
normal. Mice experimentally infected with malaria also produce lower
than normal levels of antibodies upon immunization with SRBC (Salaman
et al., 1969) and depression was most marked at the peak of parasit-
aemia. Much more work has confirmed immunodepression by malaria
infections using a wide variety of heterologous erythrocytes as anti-
gens, (Greenwood et al., 1971 ; Barker, 1971; Sengers et al., 1971,
Weidanz and RanK,19753) , human gamma globulin (Greenwood et al., 1971 ),

Salmonella typhimurium (Kaye et al., 1965), murine sarcoma virus and

urethane leukemia virus (Salaman et al., 1969), T. spiralis (Bruce and
Philips, 1974) and tetanus toxoid (Voller et al., 1972, and Greenwood
et al., 1972). Recently, Cox et al. (1974) have shown that Rowson-Parr
virus causes depression of the splenic response of mice infected with

Plaumodium vinckei chaubaudi and with Plasnodium berghei yoclidi.

However a normal immune response to keyhole limpet haemocyanin (KLH),

normal contact sensitivity reactions and PHA transformation of lympho-
cytes have been demonstrated in malaria infected mice (Greenwood et al.

1971 ).




Malaria-induced depression has becn demonstrated experimentally
using T-dependent antigyens. Hovever it seems difficult to confirm its
w-cell dependency, since Weidanz and Rank (1975a) reported thut the PFC
respense to E. coli IPS (a T-independent antigen) was suppressed in
P, gallinaceun infected chickens compared to normal birds; the same
degrec of depression was observed in the response to SRBC. Steward
and Voller (1973) made the interesting observation that althouglh the
total antibody response to transferin was not reduced by malaria
infection, the affinity of the antibody formed was significantly
reduced.

More recently, depression of the immune response by P. berahed
has been shown in BALB/c mice. A profound impairment in splenic direct
PFC formation occurred in infeccted mice which had been immunized with
SRHC 2 oxr 4 days after P. berghei NYu-2 strain infection. Serum
haemagglutinins were depressed in miceztzteived SRBC 4 days but not 2
days after infection. Coincident with the depressed fumune response,

there was a profound incrcacte in the vascular clearance of 51Cr—SRBC

with an enhanced hepatic uptake of blcr—SRBC and dcpressed splenic
51

uptake of the "~ Cr~SRBC (Loose and DI Luzigl976). Suppressed response
of PFC in mice infected with P, berghei NK 65 was also reported. The
response of infected mice showed 2 distinct phases: 4in the initial
period of infection (days O - 3), the PFC responsa to SRBC was depressed
whereas the PFC response to PVP was normal. Also the PFC response to
PVP was not depressed in infected athymic nude (nu/nu) mice. When the
infection proceeded further (days S - 7), the PFC response to SREC was
greatly depressed and the responsc of spleen cells to PVP was also
depressed (Tanabe ot al., 1977)., Furthermore, acvte P. berghei

infection in BALB/c mice caused permanent and complete depression of




the mice's immune response to SREC weasurcd by PFC assay. In the
period of severe depression, tolerance to SREC was induced. Responsive-
ness was restored when infected mice were cured with chloroquine.
Considerable elevation of antibodies predominently Igt were produced
during inwuncdepression suggesting a possible relationship between
immunocepression and hyperimmunoglobulinecmia (Poels et al., 1977 ,

and CGreenwood, 1974da).

McBride and Micklem (1977 ) have studicd the effect of malaria on
the irmure recponse against bovine serum albumin. 7he primary response to
alum-adsorbed bovine serum albumin was depressed in CBA mice infected
with P, yoelii voelii. Responses initiated within approximately 3 weeks
of infection were reduced in guantity, but not in avidity. Depressed
responses vere also seen in infected compared to control splenectomized
nice, this was accompanied by impaired priming for a secondury response.

The effect of malaria on the immune response was also studied

against type IJI proumococcal polysaccharide (S III). Acute P. y.

yoelii and chronic P. berghei infections of CBA micc were accompanied

by a reduced capacity to give an antibody response to S IIXI antigen
measured by PFC and haemagglutinins. A substance which cross reacted
Berologically with § ITII was found in blood of infected mice (McEride
et al., 1977 , Wedderburn and Dracott, 1977).

It has been shown that malaria induced regional immunodepression.

P. berghcd voelii infection in mice severely depressed the splenic

antibody response to SRBC measured by PFC but littlec effect was demon-
strated on antibody formation in lymph nodes (Weidanz and Rank, 1975b).
P. b. yoelii showed also depression in hacmagglutinin of pertussis
bacteria particularly in mice infected 13 days before vaccination.

Malaria infection also significantly reduced the protective effect of




the vaccine when the mice were challenged by intracerebral inoculation
of the virulent bacteria (Tarzaali et al., 1975).

The effect of experimental malaria on cellular immunity has been
controversial. Greenwood et al. (1971 ) reported that neither allo-
graft rejection nor contact hypersensitivity was impatired in mice with

P. berghei yoelid. Similar findings have been reported by Weidanz and

RanK (1975a) who showed that skin grafts from histoincompatible donors
were rejected at approximately the same time by P. gallinaceum infected
and uninfected chickens. However, Wedderburn (1974) has observed a
significant increase in graft survival time in P. b. yoelii infected
mice. P. b. berghei infected mice showed & delayed allograft rejection
(Sengers et _al., 1971) and depressed contact sensitivity to oxazolone
(Jayawardena et al., 1975).

In vitro studies on malaria infected mice showed also depressed
immune response. Adherent spleen cells f£frxom mice infected with P. b.

yoelil were defective in their ability to allow non-adherent spleen

cells of both norimal and infected mice to respond to HRBC. On the

other hand, adherent spleen cells did not depress thc PFC response of
unfractionated spleen cells from normal mice to HRBC and they contained
macrophages which were unable to take up HRBC (Warren and Weidanz, 1976)
Peritoneal exudate and spleen cells taken from mice infected with
P. berghei did not migrate when incubated with sonicate of erythrocytes
of infected mice although cells from normal mice migrated well (Coleman
et al., 1976). P. borghei infections also caused depressed rusponses
to non specific T-cell stimulators such as PHA (Jayawardena et al.,
1975 and Golenser et al., 1975).

In P. falciporum infection, Taylor and Siddiqui (1978) have reported

that Colombian monkeys infected with the Uganda-Palo Alto strain of




&__fg_&_c_:_i_par‘:m_n decreascd the PHA, Con A and Pokeweed mi togen  (PWM)
respornses in cultures of peripheral blood lymphocytes when the para-
sitaemia was more than 50%. Spleen cells from all acutely infected
monkeys were depressed to PHA and Con A but not to PWM stimulation.

Malarial infection decreases resistance to infection by assorted
micrebial agents such as Moloney leukaemia virus (Wedderburn, 1970),
toxoplasma (Strickland EE_EL" 1972), trypanosomes (Cox, 1975) and
S. typhimurium (Kaye et al., 1965; Jerusalem, 1968). Wedderburn (1970)
and Bomford and Wedderburn (1973) have shown that malaria infection
potentiated the induction of lymphomas by the moloney leukacmia virus
(MLV) and reduced the levels of circulating neutralising antibodies to
MLV particularly IgG antibodies.

It has been suggested that low incidence of auto-immune diseases in
some parts of the tropics might be related to the occurrence of para-
sitic infections (Greenwood, 1968) and it was later shown that early
infection with P. yoelii suppressed the spontencous auto-immune discase
which normally occurs in NZB and NZB x NZW mice (Greenwood and Voller,
1970a and b).

Trypanosomiasis causes a more extensive immune defect than malaria,
involving both humoral and cellular immunity. Goodwin (1970) and Goodwin
et al. (1972) observed much lower SRBC agglutinin levels in mice and

rabbits infected with Trypanosoma brucei brucef than in normal animals

and this effect became more marked as infection progressed. Later, it

was shown that T. brucei infections causad mice to make poor PFC res-

ponses to SRBC (Longstaff et al., 1973; Murray et al., 1974) and to LPS
antigens (Murray et al., 1974). Mackenzie et al. (1975) found that
sheep infected with T. congolense reduced the haemagglutination titres

against SRBC when compared to normal uninfected animals. Moulton and




Coleman (1977) have confirmed the immunodepressing cffect of Trypanosona

infection to SRB( rezponses. Deer mice infected with T. ¢ uiperdum
showed depression in the number of PFC in response to SRBC injection.
The cffect was due to the presence of the live parasite since radio-
attenuvated trypanosomes had normal to enhanced immunological responses
to SRBC.

Infection with T. congolense diminished the antitcxin responses to

the various components (tetanug, repticum and vedematiens) of clostridial

vaccine when the vaccine is injected into cattle 3 weeks after
T. congolense infection (Holmes et al., 1974). Greenwood (1974}p) demon-
strated impaired antibody response to S. typhi vaccine in 38 patients

with Trypanosoma ganbiense infection.

Attempts to investigate depression of CMI responses by trypanosomes
have been conflicting. Responses to contact sensitising agents were
largely unimpaired until the terminal stages of T. brucei infection
(Freeman et al., 1973; Murray et al., 1974). However a significant
reduction in the GVH reactivity of spleen cells from T. brucei infected
mice has been reported (Freeman, 1975). In addition there was an
impairment of coll-mediated immunity using rkin testing with purified
protein derivatives (PPD) and Candida antigens in sleeping sickness
patients compared to controls (Greenwood, 1974b). Experimental confir-
mation of this result has becen reported by Mansfield and Kreier (1972b)
and Mansfield and wallace (1974) who found that gkin test responses to
PPD were less marked in infected, imnunized rabbits than in uninfected,
immunized rabbits.

Recently, Reed et al. (1977) deucnstrated that mice infected with
Tulahuin strain of T. cruzi slowed a depressed immune response when

skin-tested with either BCG protoplasm or oxazolone to cetect




hypersensitivity. Derression was observed during marked parasitaemia.
They also shioved that mice which responded to oxazolone before infection
lost their ability to respond as the infection progressed.

A group of human patients infected with 7. gambiense had depressecd
hypersensitivity to PPD, Candida and streptococcal antigens (Greenwood
et al., 1973).

Allt et al. (1971) have shown that infection of rabbits with
T. brucei protects them from developing allergic neuritis, an auto-
imamune disessc in which cell-mediated immunity is thought to play an
important part. However autoantibodies to normal tissue antigens have

been demonstrated in experimental Trypanosoma congolense infections of

rabbits (Mansfield and Kreier, 1972a; Muschel et al., 1961; Seed and
Cam, 1967). Benderson-Begg (1946) and Houba et al. (1969) showed a rise
in heterophile agglutinins and rheumatoid factor-like antibodies.

It has becn reported that the protective immune response of mice

to the intestinal nematode Trichuris muris was abolished when the mice

were concurrently infected with T. brucei (Phillips et al., 1974), and
Urquhart et al. (1972 and 1973) have reported a diminished immune res-

ponse to Nippostrongylus brasiliensis infection in mice and rats with

trypanosomiasis.

Human patients with sleeping sickness have an increased suscepti-~
bility to secondary bacterial infection (Greenwood et al., 1973), a
feature which was recognized in some of the carliest studies of this

disease (Low and Castellani, 1903 gquoted from Greenwood, 1973). 1In

sheep infected with T. vivax, a predisposition to bacterial infections

was also noted (Hull, 1971; Mackenzic et al., 1975). Furthermore, it

has been shown that T. b. gambiense infected voles increased the sus-

ceptibility to Ehrlich's tumour growth. When Ehrlich's ascites tumour




cells wore injected i.p. or subcutancously into uninfected and animals
infected with 1. h. qasbirnse, over 78% of infecled animals developed
tvmours while the uninfected controls werc totally resistant after
i.p. challenge. When solid tumours were implanited subcutaneously, the
tunour mase cdecrcased in size in the countrols while it expanded and
vichle solid tumours were recovered from over 70% of the infected
animals (Ackerman and Sesd, 1976).

In vitro culture of peripheral blood lymphocytes (PBL), from animals
infected with T. gambiense, with PPD and PHA produced a lower recponse
corpared to PLBL from uninfected animals and there was no detectable MIF
production by infected rabbits (Mansfield 2nd Wallace974). Further in
vitro studies showed that T. cecuiperdum depressed the T-lympbocyte res-—
ponsi2 to PHA and Con A &nd the B-cell response to LPS and pokeweed mito-
gens (Moulton and Colewan, 1977).

The in vitro immunodepressing effcct was observed with other
trypanosomes. Spleen cell cultures prepared from mice between days 4
cnd 24 after infection with T. musculae failed to respond to SRBC or to
the mitogens PHA, Con A or LPS. Serum prepared from the blood of
infccted mice markedly inhibited the abllity of spleen cell cultures
of normal mice to xespond to SRBC. Similar effects were observed when
saline extracts of frozen-thawed trypanosomes inhibited the humoral
untibody responses of normal spleen cell cultures (Albright et al.,
1977) . More in vitro studies have confirmed the altered immuno response
due to trypanosome infections. Lack of responsiveness of T-cells to PHA

was demonrtrated in splenic lymphoid populations of mico infected with

T. bruceui strain 42. The ability to proliferate in response to LPS was

soveruly deprensed by day 7 and alnost totally ebsent by day 12. PNore-

over, macrophages obtained from infectod mica profoundly depresncd the




ability of nornal spleen cells to proliferate and secrete immuno-
globulin in 1PS cultures, (Corsini et al., 1977). It was suggested
that the mechanism of depression in trypanosomes could be attributed
to clonal exhaustion of B-cell potential duve to undefined blastogenic
stimulus from the parasites which may operate at least in part by the
gencration of suppressive T cells and macrophages. This theory of
clonal exhaustion of B-cell has been sitggest:d in trypanosomiasis,

in vitro (Urquhart et al., 1973), and in vivo (Hudson et al., 1976 )
when an increased number of background PI'C in T. b. brucei infected
animals was demonstrated. Mice showed depressed immune response to
SRBC starting from 5 days &after T. b. brucei infection and persisted
for the remainder of the infection. The work of Jayawardena and Waksman
(1977) is in agrcement with Albright et al. (1977), however they
suggested that macrophages are not the primary source of suppressor
activity. Immunodepression was demonstrated when they added T-cells
and splenic macrophages from mice infected with T. brucei strain 42 to
normal spleen cell cultures, measured by the ability of spleen cells
to produce DNA synthetic responses to the mitogens Con A, PHA and LPS
and by PFC responses to SRBC and DNP-Ficoll. Further studies presented
evidence suggesting that suppressor cells are involved in the immuno-
logical hyporesponsiveness in trypanosome infections. Wwhile spleen
cells from infected BALB/c mice caused significant depression of PHA
and LIPS mitogen responses, spleen cells from infected nude mice at the
same stage of infection falled to suppress the mitogen induced DNA
synthetic responses of normal cells indicating that the suppressors in
the spleens of infected mice were either T-cell or were dependent on

T-cell influence for its generation.

Enrdleyl and Jayawardena and Haksman (1977) confirmed earlier reports
and Jayawardens (1977)




thyinus—dependent antibody iesponses are depressed in mice soon after

iniecticn with 9. brucei. They showed that suppressor cells appeared

at tho same time as the immunodeprecssion of the primary in vitro anti-

body responses and that depression can be mediated at least in part
by Tl cells based on insensitivity to ALS. Both plastic adherent
(most likely macrophages) and non-adherent cells were depressive.
Altered reactivity to immunologically unrelated antigen has been
shown with other protozoan infections. Depression of humoral responsecs
in Leishmania was indicated as early as 1930 when Chung and Reimann
showed that kala-azar patients who had been inoculated with typhoid
vaccine had lower titres of specific agglutinins than normal controls.
This was confirnied by Cassimos et al. (1966). Later, Clinton et al.
(1969) showed that anti-ovalbumin antibodies in hamsters infected with
Leishrania denovani were significantly lower than controls. Brycesonetal.
(1974) demonztratcd that selective depression of cell-mediated inmunity
occurs during the course of cutaneous leishmaniasis in the guinea-pig.
They concluded that. the immunodepressive effects of heavy infecting
inocula were due to desensitization of rapidly acquired cell-mediated
irmunity rather than to tte induction of immunological tolerance.
Strickland Eﬁ.ﬂlr (1872), who used an acute strain of Toxoplasma
gondii in mice which were subsequently infected with P. b. yoelii,
four.d that the malarial parasitaemia was more scvere and prolonged in
mice infected with both protozoa than when malaria was given alone.
There was also a grecater anaemia in these animals. Antibody production

to both T. gondii and P. b. yoelii was cdepressed and the authors suggest

that this imnunodepression was due to antigenic competition.
Later, Mahmoud et al. (1977) showed that animals infected with

T. gondii one day beforc S. mansoni had a higher mortality rate than




anjwals intected with cither parasite alone. %hey also showed that

T. gondii bod profound and prolonged depressive effect on cell-
mediated granulomatous hypersensitivity in vivo although this effect
resvlted in considerable slleviation of hepatic schistosomiasis under
one seb of circumstances. Mice with combined infections had markedly
smallex hepatic granulomas and lower mean portal pressures and less
oesophiayeai varicocity than those with S. mansogzvalone. Strickland
et al. (1973) showed that mice infected with T. gondii had depressed
levels of hacmagglutinins, haemolysins and PFC to SKBC. Immuno-—
deprecsion occurred in mice within & week of infection and lasted for

1l month. TImmunodeprassion was mainly in IgM antibodiecs and corresponded
with the period of maximum increase in spleen size and T. gondii anti-
bodies. Huldt ¢t al. (1973) also showed reduced antibody responses to
SRBC and to killed poliomyelitis vaccine in T. gondii infected animals.
Later, Strickland and Sayles (1977) studied the effect of T. gondii on
the inmune responsc after primary and sccondary immunization with SRBC.
They found that lgM haemagglutinins and haemolysins, IgG and JgG-
secreting PFC were depressed after primary immunizaticn while there was
a delsy but not actual depression after secondary immunization.

Furthexmore, it has been shown that injecting 7. gondii antiserun, a

small dose of T. condiil (5 x 104) or a conhination of both, decrecased

the number of rosctte forming -.ells (RFC) ts intravenous injection of
106 toxoplasms one hour after the first injection (Masihi and Werner,
1977) . T. gondii also showed a reduced blastogenic response to T and
B cell mitogens in T. gondil infected animals (Strickland et al., 1975).

The two piroplasms , Babesia microti and Babesia hylomysci, have

been shown to temporarily depress the immune response of mice to the

nematoce Trichuris ruris and delayed the expulsion of the worm from the

inteatine (Philips and Wakelin, 1976). Depression was most marked when




v

e pateat phase of the Bikicsia infections coincided with the pre-

expulsjion period of the nenatode infecticn. Acute Babesia infections

aluo deprcessed the primarxy agglutinoting antibody response of mice to
SRUC, Cox (1976, 1977 ) also working with B. microti, found that super-
imposed T. mucculj infections were prolonged and enhanced, and that
antibodies to the trypanosomes were decreased. Purvis (1977) showed
that mice infected with B. microti depressed the ability of mice to
mount an immune response to SRBC. T7The immune response recovered
gradually with the gradual disappearance of the parasites from the
blood. Her work showed also that the phagocytic activity as measured
by carbon clearance tests was increosed in B. microti infected animals
and that increased phagocytic activity was correlated with the para-
situemia. Cell mediated responses an determined by contact sensitivity
to oxazolone and allograft survival were not affected.

It has also been shown that the intestinal flagellate Hexamita
muris depressed thc T-helper cell function and the B-cell function in
micc. Animals infected with H. muris showed lower haemagglutination
titres against tetanus toxoid and type 3 pneunococcal polysaccheride
(S I11). However, the CMI response, judged by skin allograft survival,
was not affected. The infected mice were resistant to Listeria
monocytogens when the challenge was 2, 4 and 6 days after H. nuris
infection. The authors suggested that all these phenomena 1ight be
explained by increased macrophage activity (Ruitenberg and Kruyt, 1975) .

Puszyneki et al. (1978) have found that the protozoa Eimeria
nieschulzi depressed the immune response of the host. Rats immunized
with T. spiralis larvae then inoculated with sporulated cocysts of
E. nieschulzi, had 4 times mwore T. spiralis larvae than the control

immune rats when the T. spiralis larvae were given 2 and 10 days after




the protozca ivfection.
Until recerntly, little vork has becn done on the depression of the
imuune response Ly wetazoan parasites. Of the trematodes, it has been

showin that Schistosoma infections depress the immune response in the

hosts. Yoeli (1956) reported that in mixed P. berghei and Schistosoma

mansonri infections, a marked increcase in the persistence of plasmodial
infections was obscrved. The effect was conspicuous in animals infected
with F. berghci 1-2 weeks before or 1~2 weeks after exposure to cercariae.
This primary invasive pericd of schistosomiasis ie marked by its general
toxic rcaction. However animals receiving their plasmodial infection
4-7 weeks after exgposure to cercariae showed a nild couree of para-
sitacnia and no deaths were recorded. M@ suggested that the reticulo-
endethelial system was eltered with a rarli.ed increase in its phagocytic
pover due to chronic biltharzial infections and that this markedly affects
the course of a concomitant plasmodial infection. Kloetzel et al. (1973)
showed that $. mansioni increased the levels of peak parasitaemis of

Trypanosoma cruzi and parasitacmia also persisted longer.

It has becn reported that, in Egypt, bacteriuria is often present
in hospital patients with S. haematobium infections (aAbdallah, 1246;
Shokeir et al., 1972 Lehman et al., 1973) and chronic pyclonephritis
has been associated with S. haematobium infection (Abo Gabal et al.,
1970; Higazi et al., 1972; Smith ot al., 1974). Neves and Da Luz Lobo Martins
(19€7) found that S. manconi infection was common in cases having a
peculiar long duration of septicaemic salmonellosis in Brazil and this
may be due to the immunodepression induced by S. mansoni infection.
Brito et al. (1976) studied the rxole of schistosomiasis as a
depressor of the immune recponse to an antigenic stimulus. Thedir results

show that infection with £. mansoni depresses the antibody response of




mice to tetanus toxoid. The depression was significant when the tetanus

toxoid was given 9 weeks after cercarjal infection and was maximal when

the torold was given 15 weeks after jufection. PMota Santos et al. (1976 )

denmonstrated that low, moderate and scvere 5. mansoni infection in mice
had different cffects on the immune response upon immunization with SRBC.
Moderate infection (25 worm/mousc) showed a transient immunodepression
from the fourth week of infection which lasted about 10 days. The group
of heavily infected animals (50 worms/mouse) did not recover from the
imnunodepression during the period of observation (50 days). However
the spleens of the lightly infected group (15 vworms/mouse) developed
almmost as many PFC and RFC as the control mice.

Ramalho-Pinto et al. (1976) have studied the role of thymus-derived
lymphocytes in immunodepression induced by S. mansoni by using schisto-
somules as carriers for a hapten and mcasuring the anti-hapten response
in normal and nude , infected and vaccinated mice. The anti-TNP response
was very much less in nude mice than in controls, suggesting that the
carrier effect was largely T cell mediated. A nassive anti-TNP response
was produced in mice infected with 40 cercariae when TNP schistosomules
werc given 10 days after infection and thereafter declined to the level
of normal response about week 12 after infection. Infected mice showed
a normal Yesponse to TNP-HRBC, showing that the altered T cell response
was immunologically specific. A smaller helper T cell response was seen
with mice vaccinated with 40 formalin-fixed schistosomules which lasted
at lecast 13 wecks after vaccination. This suggests that both the early
increase and subsequent decline may be partly due to the living infection.
The authors also observed that the background PFC in S. mansoni infected
mice began to rise from 4 weeks after infection, an indication of non-

specific B-cell activation.




The in vitro responses of lymph node and splecn cells to non-

specific mitogens (Con A and PHA) at various time periods after §. monsoni

infection in mice has hoen studied by Pelley et al. (1976). Cells
from mesenteric lymph nodes of animals infected with S. mansoni for
7 wecks and maintained in vitro in the absence of exogencus stimuli,
synthesized eight times as much DNA ("baseline” DNA) as did those from
uninfected controls. This elevation reached a maximum 8 wecks after
infection and subsequently declined. 1In spleen cells the elevation
was not as pronounced as in mesenteric lymph node cells. The additien
of the T cell mitogens PHA and Con A to cultures of mesenteric lymph
node and spleen cells from S. mansoni infected and control mice showed
that cells of mice 7 weeks after infection had depressed responses to
PHA and Con A. The depression was progressive from week 7 onwards.
12 weeks after infection, all the parameters studied (DNA synthesis as
well as mitogen stimulation) were profoundly suppressed. The authors
showed a relationship between the onset of egg laying and the degree of
depression detected and they suggested that suppressor T cell activity
is the most likely explanation for this depression of mitogen reactivity
that develops during chronic schistosomiasis.

Dessaint et al. (1977) have confirmed the immunodepressing effect

of S. mansoni in vitro. Cell-free supernatants of S. mansoni cultures

and incubation products of the parasite decreased tritiated taymidine
and leucine uptake in ncrmal spleen cells from CBA mice, rats and
peripheral human blood lymphocytes stimulated either by PHA, Con A, or
LPS. The depressing factors were heat-resistant, dialysable and of
molecular weight 500-10C0. Serum and its dialysable fractions obtained
from rats infected with S. manscni for 4 wecks demonstrated the same

depressing activity.




CEf respouse in algo depressed in £. mansoni infected mice. Arauvjo
et _al. (1977) showed that rejection of skin grafts is altered in mice
infected with S. mansoni. Depression was evident in mice infected for
60 days whereas 1t was not denonstrated in mice infected 30 days prior to
agrafting. The authors related this depression of the CMI responsc either
to substances sccreted by adult worns or to soluble antigens secreted by
eggs. Mota-Santos Eﬂiﬁﬂf (1977) have shown that S. mansoni infections in
mice induced marked diminution in the cellular and humoral response to
SEBC and LPS, judged by foot pad swelling and PFC respectively. They
demonstrated also that adult worms or products released bty them but not
by egqg extract caused this profound alteration in the immune system. Mice
retained their normal immune responscs 4 weeks after treatment with the
anthelmintic Oxamniquine.

Little vork has been done regarding the effect of Fasciola irnfections
on the immune response. Aitken et al. (1976) found that cattle orally

infected with 1000 metacercariae of Fasciola hepatica had increased sus-

ceptibility to Salmonella dublin given intraverously 13 weeks later.

Sewell (1963) showed that. antigens prepared from Fasciola show an anti-
complementary activity when added to guinea pig serum. The antigenic
component concerned was demonstrated in preparations from adult and

immature flukes of both Fasclola hepatica arnd F. gigantica and from the

metabolic products of F. gigantica. Goose (1977) also showed that

F. hepatica infections reduced responses to SREC in the experimental

system.

Depression of the immune response to unrelated antigens can be a
feature of cestode infections. Good and Miller (1976) showed that
intraperitoncal infection of micc with the larval form of the cestode

Tacnia crasciceps depresses both primary and secondary humoral responses

to SRBC in vivo. S&econdary PFC responses were consistently depressed in




both spleen and mescnteric lymph nede preparations from infected mice,
the primory in vitro responses to SRBC were consistently depressed

in mesentcric lymph nodes but not always in spleen cell preparations.
lHaemagglutination titres of infected mice were depressed compared to
controls. Depression of the secondary response was more pronounccd
than depression of the primery response. Neither depression of the
primary response nor depression of sccondary response was accompanied
by a shif{t in kinetics. The authors suggested that antigenic competi-
tion, mediated by soluble products relecased from living larvae was a
possible mechanism of inmunodepression by T. crassiceps.

Studying the larval cestode, Mesocestoides corti, i.p. injection

of SRBC or dinitrophenylated Ficoll (DNP-Ficoll), resulted in, at least,
20 times fewer PFC in the spleens of infected mice and fewer haemag-
glutinins than uninfected animals. By contrast intravenous injection
of SRBC leads to normal PFC responses. However CMI responses judged

by dalayed hypzresencitivity responses to FGG were normal. Infected mice

showed also poor absorption of lzsi—human game globulin or 1251 mouse

erythrocytes from the peritoneal cavity. Mitchell and Handman (1977)

suggested that cequcstration of antigen, and its subsequent local des-

truction, accounts for the markedly suppressed systemic imnune responses

inducec by i.p. injected antigens in M. corti infected mice. In addition,

it was found that anti-DNP-antibody responses wexe defectlve in mice

infected with M. corti larvae when DNP-M.corti larvae and DNP-human

gamma globulin were injected after infection (Mitchell et al., 1977).
There has been a growing interest in the effect of nematodes on

the immune response. Woodruff (1968) had noticed that infection with

parasitic nemertodes is often associatod clinically with increased sus-

ceptibility of the host to bacterial and viral diseases, both in man




and animals. Cne possible contributing mechanism for such an associ-~

ation is depression of the host's immune system as a result of the
helminth infection.
The occurrence of depressed antibody production to heterolegous

antigen infactions was investigated in hamsters (Mesocricetus auratus)

and Mongolian jirds (Merxiones unqgigg}atus) infected with Dipetalonema

viteoe (Dalesandro and Klei, 1976). Comparisons of the mean passive
haemesgglutinating antibody titres betwecn infected and uninfected
animals, made one weck following BSA injections, revealed a significant
decrease in antibody levels in both infected hamsters and jirds. It
was not possible to relate the level of immunodepression to either mean,
peak or duration of wicrofilaraemia. Using SRBC as an antigen, the
mean number of PFC in gpleens of infected animals 10 weeke after

D. viteae inocculation was significantly less (40%) than that in spleens
of uninfected animals. However, no significant difference was seen
when the response of infected and uninfected animals were compared 5
weeke after infection. Dalesandro and Klei (1976) suggested a possible
associution betwecen microfilaraemia and immunodepression since immuno--
depression was detected at 10 weeks and not at 5 weeks post infection.

A defective immunc response was also found in Litomosoides carinii

infcected ulbino rats (Sharma and@ Ramachandran, 1976). Infected animals
developed significuntlylower agglutinin titres when compared to controls.
In man, hacmagglutinating antibodies to tetanus toxoid and precipitating

antibodics to Salnonella typhi H antigen were impaired in patients with

bancroftian filariasis. Delayed hypersensitivity skin reactions to

Candida albicans, mumps skin test antigens and streptokinase-

streprodornate were also depresmed (Grove and Forbes, in press).

Antigen spccific cellular unresponsiveneus was demonstrated in patients




chironically infeited with Wuchereria baiciofti (Gltasen et s)l. QT
Blood lymwphocytes from infected patients showed poor cellular Acnp‘u“v'
ness to filaria antigens, Brugia and Direfilartia, in an jin vitio
lymphocyte transfornition aseay. Howcver normsl responnes wera @et + be0
to tuberculin (FI'D) and streptococcal (5X-8D) cntigens. Portare gf.jg‘(“ J

have demonstrated that PHA and Con A rcactivity ot splenocytes f{roi

Jirds, Meriones unaquiculatusg, with nggg};.émhnnq[ infc¢cti‘onn was fou

to be depressi? in comparison to uvninfected controls. Howeaver serun
from infected aninals did not snow the same effect.

‘fhe rematode Hel ignosemoides polygyrus (= Nejw tospiroider dab/i!

caused a Lower scrum haemagglutinin titre in mice frnllowing s scrics af
oral inoculations of SRBC when compared to similar ; inoculated und:: [ -
mice (Shinp et al., 1975). There was alro a low spleon.c PiC vesporst
infected arimale ccipared to controls. Oral and intraperitoncal rout€s
of adnministration of SRBC into infected mice produced a similar red¥™”
tion in an:ibody titres. However, iumuncdep:esnaion following i.p.
infection war not consistently cbservod. Esrlier, Crvpess et al. (19740)

have found that mice infccted with N. aubjus showed a cignificant

deprcssion of Pr¢ response to Escherichia coli when the mice were chals

lenged prrenterally, but not orally, with E. coli.

It has been reported that TgG levels were pereist.itly elcva od in
H. polygyrua infected animals (Crandall et al., 1974) which inditcrce?
sustainec. antigenic stimulation. Shaimp et _al. (1975) sugyested theat
malnutrition in II. polvgyrus infected mice is a contributing fuctor
the immune depreccion. Recently, Brown et al. (1%76) aGemonstr
accelerat.ed cicarance of pacsively transfurred mouse IQG in fi.
infectod wice. To amscsc the {nflvance of H. polygvias infu:
catabolic rate of I4G, the bhiolegic half life (T &) were ot

2
using L 1gG. The results showod a decrease in (GG,

H. polya /rus dnfected mice, the rate of loss iGC




i tes of all 196G classes ore

& 118 of any IgG class (Fahey and Sell,

gesved that the elevated IgG levels

mice are a wajor cause of increased IgG1
n it 1 c
11 Crandall (1976) showed that infection with A. suum
4, e lzn:ion with SKBC reduced splenic IgM

- o arravody titres to SRBC. The mean PFC
responsen ranged fiom 18 to 5% of the control valves. However infection
on the dey of dmmunization did not wmoduce any statistical differcnce in
antibody resporscs. Tha results dir. ..ot demonstrate a significant
reductd in either the primury ¢: secondary IgG responses although the
imean nunbers of PFC were consir cently lowver being 40 to 90% of the con-
trol wvelucs in the primary response. A reduced primary antibody resporisie
to ovulinurin was also demcastrated in A. suum infected mice. Delayed
hyvorsensitivity respoares, fcotpad swelling and contact hypersensitivity,
el o iy veriphera®l lymphoid tissues were essentially normal during
infect on, but footpad swelling response following i.v. sensitization
with GRY. was irribited.

Thisee p s,ibilities have becen suggested to explain immunodeprecsion
induced by 7. suum infection.
1) Reduction of the quantity of antigen reaching the lymphoid tissues

irn an inmunogenic form;
2) pltecation in T cell function or that macrophage activity which

facil . tates antibody response;
3) Antizendc competition in which products induced during the immune

rcapronse to the parasite restrict decvelopment of a subsequent

iramuie response.

49,




ya € 1. (1977) wed that purified eosinophils from peri-

te 3 ile cells of imuunized guinea pigs depressed the in vitro

DNA sy thesis of lymph nodo colls sensitiscd with A._suum and then

activalbed by the untigen or by PHA. Addition of cosinophils did not

affoct the viability of lyuph nodes. However, blastformation was

6

renmaskobly osuppreesed when 5-10 x 1015 eosinophils were added to 10

lyuwph nede cells within 48 hours after stimulation by A. suunm.

Much work hos been done over the last fow years to study the effect

of T. rpdralis infection on the iumnunc renponse to unrelated antigens

and thore is conniderable eviaencn for depression of both humoral and

cellular immune response to foreign antigen.

The first publiched work was with aliogeneic =kin grafts. Svet-

Moldavsky et al. (1970) showed that allogeneic skin grafts survived

considerably longer in mice infected with T. spirslis than in normal,

uninfected controls. They suggestced that T. spiralis produces substances

which depress the host's immunity and postulated that these substances

Chornyakliovskaya

ware produced particularly during larval migration.

(1971) aleo chowed that T. spiralis depressce the immunz response

et al.

to allogeneic ckin grafts and that the more T. spiralis lervae in the

muscles, the more pronounced the depression of the transplantation

reaction. Ljungstrom and Huldt 1977) have shown that T. spiralic

The cellular immune response judged by

depresscs tissue rejection.

split heart allograft rejection was subject to severe and long lasting

depression specially when the graft was made 1 week after infection

with T. spiralis. Barriga (1976a) showed that mice infected for 7 days

or mice which received T. spiralis extract, rejected primary skin allo-

grafts later (18-23 days) than the controls (12-18 days) and rejected

secondary skin allografts at 12-16 days while the controls rejected




theminmediately.

He saygested that in the depressiou of graft

1ejection only T lywphoeytas were affected by the infection or the

inoculation of T. spiralis extract, either by a direct action on the

lymphocyles or indirectly by affeccting macropliage activity. He also

showed that inoculation of increasing doses of spleen cells from mice

pre-trxeated with T. spiralis extract proportionally reduced the

capacity of the inoculated splecn cells to induce a grafi versus host

reaction vhile proportionally stronger recactions were produced after

inoculation of increasing doses of spleen cells from normal mice or

mice pre-trcated with saline or DSA.

The cell mediated response to BCG after infection with T. spiralis

has been studied in mice by Cypess et al. (1974b). Results indicate

that. infection with T. spiralis produces an initial deprcssion followed

by & prolonged potentiation of the delayed foot pad rcsponses to BCG.

The inmonodepression was detected 14 days after infection but no longer

cvident after 20 days. Adoptive transfer experiments suggest that the

initial failure to develop a positive foot pad reaction to old tuberculin

at 14 days was due to a defect in the adoptively transferred splenic

cells. These authors suggested that increased bacterial replication

stimulation, a nonspecific activation

leading to increased antigenic

of the reticuloendothelial system, and enhancement of T cell function

were contributed to the potentiation in cell-mediated response to BCG

in T. spiralis.

Faubert and Tanner (1974a) have shown that T. snirnlis infected

mice or mice treated with serum from T. spiralis infected animals or

parasite oxtract contained fewer splecn Rusette-forming cells to SRBC.

They showed also thau bone-marrow cells from infected mice were con-

siderahly less efficicnt than normal cells in reconstituting thymecctomized,



frradicted animals.

The results of Faubert and Tanner (1971), uwsing the SRBC systen

in mice, indicuate clearly that irmunodepression to heterologous antigens

1s a feature of . spiralis infection. They also claimed that the scrum

of iufecied aniuals induces

this effect in normal mice. Depression of

the production of CRBC agglutinins was caused also by rabbit antilympho-

cyte scium as well as infected rabbit serum. However, it must be

conclud ! that tris phenomenon is not significant since normal rabbit

sexrum, used as a control produced the samne effect.

In addition, mice produced lower

antibody titres to vaccinia virus

when infected with T. spiralis (Chimishkyan and Ovumnyan (1975). Barriga

(1975) sugyested that immunodepression is T cell decpendent, since

infection in his mice reduced the capacity of mice to form antibtodies

to the T cell dependent antigen, SRBC, but not to the T cell independent

antigen, PVP. later, Fauvbert (1976) suggcsted that the depression of

the immunc response to SRBC in mice infected with T. spiralis is trans-

itory and is related to the migrating phase of the parasite. He showed

that newborn larvae produce substances which can diffuse through a

Millipore filter and killed spleen cells. Furthermore, Faubert and

Tanner (1975) showed that lymphoid cells were agglutinated and killed

in vitro by a factor present in the sera of mice infected with

The agglutinating factor appeared in the serum 7 days post

T. spiralis.

—— . e

infection, rose to a maximum on the 30th day of infection and then

decreascd but the intensity of infection had no relation to the

leucocyte-agglutinating titres.

Mice injected with an extract of

T. spiralis larvae rhowed the same leucocyte agglutinating and leucocyte

toxic activity.

Jones et al. (197€) have shown that a 20 day old T. spiralis

infection induccs a depression of the primary antibody responsc to SREBC,




measurcd by the auwber of I'MC or the hacmagglutinin tities. This

depress.on was also denonstrated in cultures of splenocytes immunized

This depression is T lymphocyte dependent since the depres-—

in vitro.

sive activity of tle splenocytes is abolished by lysis with anti-thy 1

serun, which kills T cells, hut is enhanced by treatment with anti-

imnunoglobulin sexum, which kills B cells.

In vitro stimulation of

splenocytes from normal mice using the T cell mitogens, con A and PHA,

and the B lymphocytc mitogen, LPS, showed normal LPS response of cells

from infected mice and depresscd responsc to the T cell mitogens. They

showed also that the addition of supernatant fluids of cultures of cells

from mice which had been infected for 20 days significantly depressed

the response of normal splenocytes.

Ljungstrom and Huldt (1977) confirmed the ability of 7. spiralis

to depress the immune response to unrelated antigens at humoral and

cellulax levels. The humoral immune response to SRBC showed transient

deprescion. There were significantly fewer IgM PFC in mice infccted

with T. spiralis 3 and 6, but not 1, week after infection. IgG FFC

were only depressed in mice Jmmunized 6 weeks after T. spiralis infectlon.

The effect of T. spiralis on hacmagglutinin production and PFC to

sheep erythrocytes has also been studied by Chimishkyan et al. (1974).

Depression of hacmagglutinin production was observed on day 25 after

infection but nol earlier. Depression of PFC was greatest 20 days aftex

infection.

Cyress et al. (1973) and Lubiniecki and Cypess (1975a) showed that

T. spiralis infection caused a depression of the neutralising and

In contrast infection

complement fixing antibody responses to JBE virus.

with gamma irradiated larvac of the parasite had no effect on antibody

Lubiniecki and Cypess (1275%a) have found fewcr antibody

production.




forming cclls to SRRC in the splecns of mice parasitized with

T. spiralis.

Relative unresponsiveness to passive culancous anaphylaxis (¥CAa)

induced with ben albumin and its corresponding antibodies, has been

reported in T. spiralis infected mice (Munoz and Cole, 1977). The

unresponsiveness was to PCA produced either with IgG., or IgE anti-

1
Sera of infected mice inhibited

bodies but morc with the latter.

mainly PCA induced by IgE 35 days but not 10 months after infection.

These authors believed that the relative unresponsiveness of infected

mice is due to an increase in production of IGE which competitively

blocks the mast cell sites for other IgE molecules.

In a study on the effect of T. spiralis on the thymus, spleen and

lyrph nodes, Tanner and Lim (1974) found that light infections enhance

antibody response to shcep erythrocytes. There was an overall cell

depletion in the thymus 14 days after T. spiralis infection but an

increase in the population of the spleen and lymph node cells. The

enhancement of response to SREC in low infections and the deprecsion

of this response in heavy infections was ascribed to changes in the

activity of helper T cells and depressor T cells.

T. spiralis can also increase the susceptibility of the hosts to

sccondary infections. Kilhem and Oliver (1961) xeported that T. spiralis

infection increcased the susceptibility of rats to viral infection.

(1973) and Lubiniecki et al. (1974a) showed that

Cypess ct al.

infection of mice with 200 T. gpiralis larvae 7 days prior to challenge

with Japanese B encephalitis (JBE) virus, greatly increased susceptibility

to fatal, viral, central nervous system disease but gamma irradiated

In their work

larvae had no effect on subsequent viral infection.

enhanced intracerebral replication of the virus and higher mortality

of mice peripherally inoculated with JBE virus was cbserved after



infection with T. spizalis. The effect was maximal when the virug

was inoculated 7 cGays after T. spiralis infection ana was absent by

21 days post T'. spivalis infection. It was suggested that T. spiralis

abrogates the host defence mechanism which normally aberts JBE virus

replication in the brain. Chimishkyan and Ovumyan (1975) demonstrated

that T. spiralis increases the susceptibility of mice and rabbits to

vaccinia virus.

The interactions between parasites and particularly T. spiralis

and the host which Jead to immunodcpression arc clearly of great

There is at present no completely satisfactory explanation

complexity.

for the immunodeprcssion induced by T. spiralis.

The objective of the present study was to:

Study the effect of different stages of infection and its effect

on the immune response to a T-dependent antigen (SRBC) and &

T-independent antigen (LPS).

Show the effect of T. spiralis infection on antibody catabolism.

Detect. the e¢ffect of T. spiralis on macrophage activity.

Study the ecffect of T. spiralis infection on the affinity of

antibody for human serum &lbumin (HSA) &antigen.



CHAPYTER 2

CENERAL MATER1ALS MND METHODS

1) Laboratoxry animals:

Mice:
1. Outbred:

Male and female T.O. albino mice aged 8 weeks were used in
many of the experiments. Their body weight at the start of the
experiments was approximately 25 g. Animals were obtained from

A. J. Tuck and Son Ltd., Essecx, England.

2. Inbred mice:
Male and female mice of the Simpson strain, B8 weeks old,
kindly supplied by Dr. M. Steward (london School of Hygiene and

Tropical Medicine) were used in some expcriments.

Rats;

Adult Wistar albino rats obtained from A. J. Tuck and Son
Ltd., Essex, England were used.

Mice and rats were marked and kept in plastic cages in groups
of five animals pcr cage and were fed with pellets and water ad
tibitum. The pellets were either RGP 86 diet obtained from Peter
Fox Scientific Animal Services, Oxoid diet obtained from Lillico
and Son Ltd., or mouse diet (expanded) ReM No. 1 obtained from
B.P. Nutrition (UK) Ltd. Oxoid or R&M No. 1 diet were used for

the later experiments, since diet 86 was found to contain the

anthelmintic Parbendazole on two occasions and this prevented the




mice from hecoming infected.

Guinea nilas:

Guineca pigs were used as a source of complemeni.. The animals

were obitained from A. J. Tuck and Son Ltd. and were provided with

yguinea pig diet oblained fromr Peter Fox Scientific Animal Services,

Herts., England.

Farosite:

1.

Strain

T. spiralis of the "London strain" (Nelson et al, 1966)

was used throughout these studies. The parasite has been maintained

in L.S.H.T.M. by continuous passage through young mice. It wuas

originally isolated by Dr. R. T. Leiper in 1939 from a domestic

cat obtained from Penrith.

2. Preparation of infective matexrial:

a) Preparation of normal muscle larvae:

Mice used for preparation of infective muscle loxvae had been

infected for at least five wecks. One or more infected mice were

killed by cervical dislocation, skinned and evicerated. The ears,

tail, paws, muzzles and upper and lower teeth were rcmoved. The

rest of the animal was minced twice through a kitchen mincer and

fluid

put into a plastic bucket containing 1-2 litres of digesting

prepared as follows:

Pepsin 15 g (BDH Chemicals)

Hecl 10 ml 31y w/W (BDH Chemicals)

Warm tap water up to 1 litre




The mixture was kept in the incubator at 37°c under continuous

agitation for 2-3 hours. The coarse particles were removed by

passing the digested mixture through a 50 mesh/inch sieve. The

excysted larvac then collected on a 200 mesh/inch sieve, washed

twice with tap water, then suspended in 150 ml of saline. The

larvae were counted using a McMaster counting chamber(F@.z)aanh

nunber of larvac was calculated as follows:

Total number of larvae in 1 ml =

Mzan number of larvac in both sides of the chamber
0.3

to get the infective dose needed, either dilution or concentration

of the mixture was performed. Adjustments were usually made to

prepare the number of larvae required for infection in 0.25 ml.

b) Preparation of irradiated muscle larvae:

Cobalt 60 was adopted as the irradiation source, as high

energy gamma radiation is less susceptible to the various physical

variables than ig an x-ray or U-V source (Evans, 1970). 1Infective

larvae were prepared as described previously and were irradiated

with 8,500 rads. This dose level sterilises adult T. spiralis

while otherwise restricting the development of these worms as

little as possible (James, 1974).

Infection with muscle larvae:

c)

Mice were infected with the required number of larvae by

inserting a 1 mm wide, blunt-tipped, needle attached to a 1 ml

syringe into the oesophagus. The syringe was filled from a

suspension of larvae which was gently stirred with a magnetic

stirrer to ecnsure good distribution of larvae.




Figura 2 :
Diagram of the Mac Master counting chamber used for counting

excysted muscle larvae. Actual size (Each ruled area is

10 x 10 mm and holds a volumeof 0.15 ml).




raticn of new born larvae (NBL):

Ten rats werce usually used for cach experiment. They wore

infected with 12 x 10" lazrvae pex os T. spiralis muscle larvae,

prepared as described above. Six days later the rats were killed
by cexrvical dislocation aftex being anaesthetized with Nermbutal.
‘the small intestine was removed as quickly as possible, split open
and rinsed in warm tap water to remove the detritus. The intestines
were then soaked in 0.85% saline at 37°C for an hour. The intestines
wevre removed and discarded and the adult worms collected on a 200
mwesh per inch sileve and then transferrcd to NCTC 135 medium after
3 washings in 0.85% saline. The adult worms were transferred to
sterile bottlce and incubated for 24 hours at 37°C in culture
medjum NCTC 135 (see below). After incubation the medium containing
adults and NBI. was passed through a 50 mesh/inch sieve. NBL passed
through the siceve into a sterile container while adults were held on
the sieve. The NBL were then washed by centrifugation three times
with warm saline, and finally suspended in saline. The NBL in 0.05 ml
were counted using a slide scratched to form a grid and the volume
adjusted by concentration or dilution to prepare the needed number
of NBL in 0.25 ml.
The culture medium was composed of the following:

NCTC-135 medium with L-Glutamine

Mycostatin suspension

Penbritin solution

Calf serum

Preparation of Mycostatin suspension:

The contents of 1 vial of Mystatin 500,000 units (E. R. Squibb

and Sons, Inc., New York) were added to 20 ml of basic culture medium,




s o
anda kept at 4 ¢ until nesded.

Preparation of Penbritin solution:

The contents of 2 vials Penbritin (500 mg Penbritin anpicfllin

sodium, Reecham Research Laboratories, Rrentford, England) were

added to 20 ml of the basic culture medium and stored at 4°C until

used.

e) Iufection witl NBL:

Mice in cages were left in the incubator at 37°C for 10
minutes to ensure that the tail vein was engorged. A mouse was
then held inside a2 small plastic container with the tail protruding
through a2 hole at the end. The required number of NBIL prepared was

injected into the tail vein.

3. Determination of ratce of infection:

a) Determination of the nurber of larvae in the muscles:

Mice were digested as described in 2a) above and the muscle
larvae collected and washed on a 200 mesh per inch screen. The
larvae were suspended in tap water and stirred with a magnetic
stirrer. Aliquots were counted in a McMaster chamber and the nunmter

of larvae in the mouse calculated as in 2a) (above).

b) Determination of the number of adult worms in the intestine of

mice:

The wouse was killed by cervical dislocation, the abdominal wall

opened and the small intestine was removed from the body and slit

open longitudinally. This was done immediately after death. The




intestine wuas washed guickly in warm tap water to remove the
detritus, then put in a small container containing 50 ml of 0.85%
saline which was incubated at 377C for ) hour. The intestine was
shaken well in the solution, rinsed again in a similar amount of
saline and finally removed and discarded. The worms werc allowed
to sink to the bottom of the centainer and the larger part of the
saline decanted. The remainder of the saline containing worms was
poured intco a petri dish with parallel lines etched in its base and

counted under a dissecting microscopec.

4) Treatrent of infected animals:

Termination of the intestinal stage in infected animals was
needed in somec experiments. A 5% solution of the anthelmintic drug,
Methyridine, was used. A dose of 500 mg per kg body weight, i.e.
0.1 ml of the 5% solution per 10 g was given unless otherwise men-
tioned. The drug was inoculated subcutaneously in the back of

each mousc at 3 hourly intervals,

Statistical cevaluation:

The Student's °'t' test was used to evaluate the significance

of data. P values & 0.05 were considered significant.




CHAPTR 3

Lhffect of different stages of T. spiralis infection
e = T U =& S S P oo

on the nugdber of plaaue forming cells

Introduction

Like many olher parasitic agents T. spiralis causes an altered
state of cellular and humoral immune responsiveness to heterologous
antigens.

Chimishkyan et al. (1974) and Jones et al. (1976) demonstrated
that depression of SRDC-PFC in T. spiralis infected anirals was greatest
when the infection was 20 days old. It has been reported that SRBC-PIC
were depressced when mice were infected with T. spiralis larvae 14 days
(Lubiniecki and Cypess, 1975a) but not 7 days (Lubiniccki et al., 1974b)
before immunization with SRBC. Faubert suggested that the depression
of the immune responsc induced by T. spiralis is a transitory pheno-
menon related to the migrating phase of the parasite. The depression
of PFC in his animals was detectcd 14 but not 7 days after infection.
Ljungstrom and Huldt (1977) confirmed the ability of 3 and 6 weekshut
not 1 week o0ld iufections to d.press PFC responses to SRBC.

In this study, it was decided to adopt different approaches to

determine which stage of T. spiralis induced immunodepression in mice.

Determination of antibody forming cells by plague assay:

In 1963 Jorne and Nordin modified the virologist's plaque technigue




to detcct those cells in fresh lymphoid tissve which were producing
antibody. They showed that a plague, or & clear area of haemolysis,
formed around antibody-producing cells suspended in target cells in
the presence of complement. 1n this way a population of lymphoid
cells can be screened for Plague Forming Cells (PFC) (antibody
producers). The technique can be used to detect not only those cells
producing IgM antibodies but alsoc those producing IgG and IgA (Dresser
and Wortis, 1965) by adding anti-IgG or anti-1gA respectively to the
system.

The plague technique has been modified for use on a microscale
by cunringham and Szernberg (1968). In principle, a suspension of
fresh lymphoid cells from a mouse, immunized with sheep red klood cellsg,
is mixed with SRBC and complcment and pipetted into chanbers (formed by
sealing together two microscope slides), thus forming a monolayer of
cells., Complement dependent lysis occurs around those lymphoid cells
which have produced specific haemolysing antibody. With suitable
illumination those plaques can be counted under the dissccting micro-

scope.

a) Imnmunization of animals:

Sheep red blood cells (SRBC) were obtained from Oxoid Ltd., England,
as 25 ml of SRBC in Alsever's solution. The cells were always checked
for signs of haemolysis (crenation of cells and pink supernatant), if
either feature was present the cells were discarded. Cells were not
used if older than 4 weeks. To prepare cells for use they were centri-
fuged at 1000 g for 5 minutes with an equal quantity of phosphate

buffered saline (PES), pit 7.2. The supernatant was removed and the

cells resuspended in PBS and washed 3 times. After the last wash, the




packed coells vere resuspended in PBS to forrm 10% suspension. Fresh

preparation of the 10% suspension was made for each experiment. The

cells were counted in an improved Neubauvexr haemocytoneter and a

" 5]
preparation was made to get 107 celle in 0.25 m)l then injected intra-

peritoncally into cach mousc.

b) Preparation of the medium:

Gey's volution (Dresser and Wortis, 1967) was used throughout the

The composition of the medium used was as folleows:

assays.

Solution h:

NaCl

KCl

3 ) 2
haur041-uzo

KH2P04 0.237 g

Gl ucose

Phenol red

Distilled H, O to 1 litre

2

Solution B:

0.42

MgCl.6H,0

MgSO, . 7TH,0 0.4 g
B CaCl, 0.34 g
] Distilled H20 to 100 ml

Solution C:

NuHCO3 2.25 g

Distilled "20 to 100 ml




Solutiens A, B and C vere sterilized by autoclaving for 10 minutes

at 10 1lb per square inch pressure and stored at 47c. The final
solution was prepared fresh on the day of the experiment by mixing

10 1l of solution A, 5 ml of solution B, 5 ml of solution C and 80 ml
of distilled water to give a final volume of 100 ml Gey's solution.

The pH was adjusted to 7.2 with Co, gas.

¢c) Preparation of the complement (C'):

Albino guineca-pigs (the coloured variety are not such a good source
of C') were bled by heart puncture and the blood left at room temperature
for 30 minutes, then at 4°C overnight. Next day, the blood clot was

detached from the sides of the tubes. The samples were centrifuged

twice, in a refrigerated centrifuge for 20 minutes. The collected sera

were pooled and abrcorbed with 1 ml of packed, washed SRBC to every 20 ml
guinea pig serum at 405 for 20 minutes. After centrifugation at 1300 g
for 5 minutes the supernatant was removed and either used immediately

or stored in aliquots of 1 ml at -70%c. Inmediately before use, the
required volume of serum was thawed anddiluted 1l:1 with cold Gey's

solution.

d) Preparation of Cunningham chambers:

A row of scrupulously clean microscope slides was laid side by
side on a flat surface against a straight edge and strips of 6 mm wide,
pressure sensitive, double sided, self adhesive Scotch tape applied in
5 parallel stripes, to divide the slides into two areas (Fig. 3a).

The backing of the tape was pecled off and another layer of slides




Figure 3 ¢ Cunningham slide chambers.

a) Making the chambers.
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b) Sealing the chamber in molten wax.




placed exactly on top of the first row, then the two layers of
slides were pressed together with a roller. The tape was trinmed
off at the ends of the row of the double slides. Each chamber was
marked into squares with a diamond or a FPentel pen and were kept dust
free. Lefore use, slide chambers were separatcd by breaking them
apart from their neighbours. Each slide chamber had a volume of

0.18-0.2 ml.

e) Preparation of the suspension of lymphoid cell:

A mouse which had been previously sensitized by the intraperitoneal

injection of 109 washed SRBC was killed by cervical dislocation. The

abhdominal cavity was opened and the spleen dissected frec from fat and
rewoved into a plastic tea-strainer lying in a pool of ice-cold Gey's
solution in a small petrl dish. The spleen was gently maccrated with

a syringe plunger and the spleen suspension transferred to a centrifuge
tube placed on ice. The strainer and dish were washed and the suspension
was made up to 8 ml with cold Gey's solution, then it was centrifuged

at 550 g for 5 minutes. The supernatant was discarded and the spleen
cells suspended inceld Gey's solution and centrifuged again and then
resuspended in a final volume of 4 ml for each spleen. Dilutions were

made as 1/100 cn day 4 assay and 1/50 on day 7 and 9 assays.

£) Viability test (trypan-bluc exclusion test):

To determine how many spleen cells were alive and how many were
dead during the preparation of the spleen cell suspension a dye exclusion
test with 0.2% trypan blue was uced. Immediately before use, trypan

blue was diluted with 4.25% NaCl (4:1) to render it isotonic. Spleen




cell suspersions we diluted 1:2Q in the piepared trypan blue solution
and well mixed. 'he cclls were counted fn a Neubauer haemocytomctex
and the coloured aud natural cvells recorded (dead cells will take up
the stoin, enlaorge ond then burst, while living cells retained their
size, rchape and colour). This was done for each espleecn cell suspension,
and the toust was only considered valid when the vialbility was more than

75%.

g) Prevwration of RERC for the assay:

“RBC were obtained and washed 3 times in FBS as mentioned boefore
in (a). After the last wash, the packed cells were resuspended 1:6.6
in fresh Gey's solution.

jlorse red klcod cells (HRBC) were obtained from Oxoid Ltd. as
defibrinated Liood. The cells were washed in the sezme way as SREC.
Howovel, HRIC, having no preservative, were more sensitive and were not
used 1f older than two weeks. After the last wasch the cells were sus:-

pended up to the required volume.

h) Procedure of cunaningham modification of the Jernc plague ascay:

(Cunnjingham and Szenberg, 1968)

The chambeis were prepared as described hefore (d). The following
suspension mixtnre wes prepared in duplicate for each splecn in plastic
disposable bacmagglutination plates (Biocult, Linbro). The mixture
was mixed well and then was pipctted into each chamber using an Oxford

dispenger:




cell e crsions we Ailuted 1:20 in the preparcd trypan blue solution

and well mixed. ‘“The cells were counted in a Neubaucer haemocytomctex

and the colourcd and natural cells recorded (dead cells will take up

the stoir, enlarge ond then burst, while living cells retained theix
clze, chope and colour) . 'This was done for each splecn cell sucpension,
and the test was only considered valid when the viability was more than

15%.

g) Prevwation of REC for the assay:

SR0C were obtained and washed 3 times in FBS as mentioned koefore
in (a) . Aftexr the last wash, the packed cella were resuspended 1:6.6
in fresh Gey's solutien.

jlorse red blcod cells (HRBC) were obtained from Oxoid Ltd. as
defibrinated biooad. The cells were washed in the sume way as SRBEC.
Howevel, HRiiGC. havine no preservative, were more sensitive and were not
used ii older than two weeks. After the last wach the cells were sus-

pended up to the required voluwe.

h) Procedure of Curnningham modification of the Jernc plaque assay:

(Cunninghanm and Szenberg, 1968)

The chamberr were prepared as described before (d). The following
suspension mixture weas prepared in duplicate for each splecn in plastic
disposable huzcmagglutination plates (Biocult, Linbro). The mixture
was mixed well and then wae pipetted into each chamber using an Oxford

dispensers




Gey's solution (or antiserum for indirect plaques)
SRBC (1:6.€¢ ml in Gey's solution)
Complement (1l:) in Gey's solution)

spleen cell suspension (1/50 ox 1/100)

Any residual space was filled with Gey's solution. For each spleen cell
suspension, duplicate chanbers were set up, unless otherwlse mentioned.

Chambers were sealed on both edges with molten wax (equal parts of

paraffin wax, m.p 56°C and petroleum jelly) (Fig. 3b). Chambers were

incubated at 37°C, horizontally in a moist box, for 60-75 minutes to
allow cells to form a monolayer.

Plaques (Fig. 4) were counted under a dissecting microscope. The
substage mirror was adjusted to give semidark ground illumination. Each
plagque was counted (if in doubt, they were examined under the binocular
nicroscope x 40 , to be sure that a clear area had a lymphoid cell in
the centre). The number of plagque forming cells (PFC) per spleen were

calculated as follows:

Number of PFC per spleen = N x 10 x d where:
N = Mean nunber of PFC per chamber (in 0.1 ml spleen) .

d = dilution used.




Figure 4 :

Photograph of a_plaque showing antibody forming cell

at the centre of an area of haemolysis (x 40).
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Exgerisent .l

PFC osgay 1elics on antibody-nediated complement-dependent lysis.
where a singlelgM nolecule on an erythrocyte can fix complement and
cause lysis, several thousands of /1§ G antibody molecules are required
for the suice cffect. The addition of an optimum dilution of anti 19G
helps the formation of ¥ globulin complexes which £i» cowplement and
cavee lysis,

This experiment wes Qesiquced to determine the optimum day fox
assaying IgM and PFC and to dectermine the optimum &ilution of rabbit
antlrouse IgC to be used in the indirect assay for developaent of 1gG
PEC.

€0 mice were injected i.p. with 0.25 ml of a 10% suspension of
SRRC (109 cells). S fmmunized znd 5 unimmunized contiels were killed
anéd a dircct assay perxformed daily from a pool of the spleens of each
group. Indirect PI'C, uvsing different dilutions of rahbit antimouse
IgG (developing serum obtained from Miles-Yeda Ltd.) in 0.85% NaCl
(L/10, 1/25, 1/%0, 17100, 1/250, 1/500, 1/1000), were cetermincd on
days 4, 8, Y and 10. Two chembers were made for each dilution of anti-
serun.

The results of the assay for direct PFC (Table 1 and Fig. 5) show
a sharp peuk at day 4 and it was decided that in future experiments the
assoy for IgM PFC would be performed normally on day 4. Table 2 shows
the nurber of 1ndlrcct PFC found when different dilutions of develcping

serum ware used on days 4, 8, 9 and 10. Thc maximum numbers of indirect

PFC were detected at 1/500 or 1/250 dilutions, but plaques were clearer




Table 1.

The number of IgM (direct) PFC in spleens of immunized

and unimmunized animals at different times afterx

immunization.

=

8
pDays aftex Mean no. of P¥C/splecn x 10

immunization

immunized unimmunized




Figure 5 :
The pumber of g M (dircct )} PFC in spleens of

immuonized ond un immunized animals at different
times after immunizalion

—— Immunized mice

=== Un immunized mice

Meen number of 1gM PFC / spleen (xlO‘)

e ¥

o o e
pisonallll L S
v g U v v ] v 1 .

3 4 5 & P 0 1 a2

Days after immunization

-~
S Seegenccar”®




Table 2
Nuzhers of PPC found in irmunized and unimpunized animals by direct and indirect assays using different dilutions

of rabbit antimouse IgG (x 103) . (I = Immunized ; C = Unimmunized controls)

[
Days after Group I Direct Dilutions of rabbit antimouse IgG
5 - 33
{izmunizatica e 1/10 1/25 1/50 1100 | 17250 | 1/500 | 1/1000

A 780 61 558 556 598 750 758 638

! c 12 3 4 12 g 12 4 28
. 1 306 4 5 80 512 554 546 188

. j A% 26 0 2 ¢ 14 14 20 22
o ! I 116 32 196 346 328 344 370 302

; c 14 2 2 4 € 3 14 14
: 10 ' r | 106 4 116 102 166 134 160 126
| ’ c | 2 2 2% 32 4 2 |




and larger at 1/500. 1Inhibition of IgM PFC was detected at high con-

caentrations of antiserum. The inhibitory effect of different dilutions
of antisera on mouse IgM plaques 4 days after immunization are plotted
in Fig. 6 and the inhibition constant (KI) of the dilution of anti 1qG,

it was Gecided to use (1/500), was calculated as follows:

KI 1/500 = Mean PFC with antiserum per spleen 758

Mean PFC without antiserum per spleen 780

= 0.97

When the experiment was repeated using spleen cells immunized 9 days
before, the developing effect of the different dilutions of antiserum
was measured (Fig. 7). The developing constant (KD) of the chosen
dilution was as follows:

KD 1/500 = Maximum PFC - (&M x XI at that concentration)
PFC at 1/500 - (¥M x KI at 1/500)

= 370 - (116 x 0.97) = 1.0
370 - (116 x 0.97

1deally the KI and KD of a developing serum should be 1.0 if the serum

does not react with IgM and if used at optimum concentration (Dr!:ur anJWO(nh}
1967

The basis for calculation of IgM (direct) and IgG (indirect) PFC/spleen

for each animal was as follows:

Developed PFC = [iot.al PFC in treated chamber - KI (PFC in
untreated chnmbor)_? KD
Since the KI in this experiment was 0.97 for easier calculation it was

decided to use the following:

IgG PFC = Total PFC in treated chamber - PFC in untreated chamber.




Figure 6 :

Plot of K1 titration, using spleen cells from mice immunized
4 doys before, The dashed line represents the mean number
of direct PFC and the arrow indicates the dilution of anti~
serum it was decided to use 1/500
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Figure 7 :

Plot of KD titration,using spleen cells 9 days after
immunization. The dashed line rcpresents the mcan number
of direct PFC and the arrow indicates the dilution of
anti serum it was decided to use 1/500
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The aim of this experiment was essentially to determine the
optimum day for assaying IgG PKC.

A daily acssay for indirect PFC using 1/500 dilution of antimouse
IgG was carried out on mice which had been given 109 SRBC i.p. The
results arxe shown in Table 3 and Fig. 8. From these results it can
be seen that the greatest number of PFC were found on day 9 and this

was chosen as the day of the indirect assay.

Effect of Trichinella spiralis irnfection on the number of plaque

forming cells in mice immunized with sheep red blood cells

Experiment 3.3

The aim of this experiment was to study the immunodepressive cfrect
of230 day old T. spiralis infections in mice. 15 mice were infected
with 400 larvae of T. spiralis and 10 kept as uninfected controls. 3
days after infection, 5 infected animals were killed and adults

recovered from their intestines were counted. A mean of 167 (SE 69)

adults were counted. 30 days after infection, all the infected and

uninfected anirals were immunized with 109 SRBC intrapcritoneally. 5

infected and % uninfccted mice were killed 4 and 9 days later. Spleens
were removed and assayed for the number of IgM PFC on day 4 and for the
number of IgM and IgG PFC on day 9.

Results are shown in Table 4 and Fig. 9. 6Significantly fewer IgM

PFC were detected in spleens of infected mice 4 days after immunization




Table 3

The number of IgG PFC in the spleencs of immunized and

unimmunized animals at different times after jmmunization.

3

Days after Mean no. of PFC/spleen x 10

immunization
immunized unimmunized




Figurc 8 :

The number of 1gG PFC in spleens of immunized
and unimmunized animals at diffcrent times after
immunization
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Table 4. Effect of a 30 day old T. spiralis infection oa the number of Igh and IgG

£
PFC procduceéd in the spleen in response to inoculation of SRBC.

IgM PFC/spleen (x103) 1gG PFC/spleen
Mouse no. 3
day 4 day S 107

312

Infected

Control

statistically significant




Figure 9 :
Cffect of 30 days infection of T.spiralis on the
nunber of IgM and IgG PFC produced in the spleens

in response to inoculation of SRBC.
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when compared to controls (p & 0.025) while there was a significant
increase in JgM PFC on day 9. There was no significant difference in
the number of IgG PFC in splecens of infected and control animals on
day 9.

The results of this experiment jndicate that T. spiralis infection
depresses the imnune response to SRBC. Depression was only of IgM PFC

on day 4.

Experiment 3.4

This experiment was also carried out to study the immunodepression
caused bya30 day old infection of L. spiralis in mice. 22 mice were
used in this experiment on the same basis as the previous experiment

Lut animals were killed 7 days after sheep erythrocyte inoculation and

spleens were assayed for the number of IgM PFC.

Table 5 and Fig. 10 show the individual data and means. There
were significantly fewcr PFC in the spleens of infected animals than
in those of the control group (p & 0.0005).

The results of this experiment confirm that immunodepression is a
feature of T. spiralis infection in mice and when compared with results
of experiment 3.3 would suggest that deprxession of IgM PKFC is & temporary

phenomenon (depreesed at day < and 7 but not day 9).

Experiment 3.5

The aim of this experiment was to determine if the immunodepressive

effect of a full infection of T. spiralis is dcpendent on a high level

of infection. 5 mice were infected with 50 1. spiralis larvae. 30 days




Tuhle 5

Effect of a 30 day old spiralis infection on IgM

PI'C 7 diy responsc to inoculation of SRBC.

No. of PFC/spleen x lO3

Mouse no.

Infected Control

11

12

Mean
+ SE

* astatistically significant




Figure 10 :

Effect of 30 day T,sprialis infection on IgM PFC
7 day response to inoculation of SRBC post infection
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later, the infected animals and a group of uninfected mice were given

9
107 sheep erythrocytes cach. 4 days later all these mice were killed

and thely splcens removed and assayed for the number of IgM PFC. The
nurbers ot PFC from splcens of infcccted animals were significantly
less than those of the control group (p & 0.005) (Table 6 and Fig. 11).
The infected mice were digested and yielded a mean of 3186 (SE 539)
muscle larvae.

The results of experiments 3.3, 3.4 and 3.5 confirm the previous
reports that a full T. spiralis infection can decrease the numbcr of

PFC produced after SRBC have been inoculated.

Experiment 3.6

One of the complications with T. spiralis infections is that from
5 days onwards the host is infected with both adult worms and their
parenteral progeny. This experiment was designed to test the effect of
the intestinal phase of T. epiralis on the production of PFC against
SRBC by removing &dult worms from the intestine by use of anthelmintic
methyridine before any newborn larvae had been produced. Methyxidine
is a potent anthelmintic against adult T. spiralis (Denham, 1965).

40 mice were divided into 4 groups:

Grcap 1 : 10 mice received an infection of 400 T. spiralis larvae
per os each and were treated twice with methyridine at 500 mg/kg 5 dave
after infection. They were immunized with SRBC a day after treatment.
This group is hereafter called the infected-treated group. Group 2
10 mice were not infected but received the same dose of methyridine
and SRBC, to determine the effect of methyridine, if any, on the immune
response. This group is hereafter called the uninfected-treated group.

Group 3 : 10 mice were neither infocted nor treated but were immunized




later, the infected anjwals and a group of uniunfected mice were given

2
107 sheep erythrocytes cach. 4 daye later all these mice werce killed

and their spleens removed and assayed for the number of IgM PFC. The
numbers of PFC from spleens of infcocued animals were significantly
less than those of the control group (p & 0.005) (Table 6 and Fig. 1ll).
The infected mice were digested and yielded a mean of 3186 (SE 539)
muscle larvae.

The results of experiments 3.3, 3.4 and 3.5 confirm the previous
reports that a full T. spiralis infection can decrease the numbcr of

P¥'C produced after SRBC have been inoculated.

Experiment. 3.6

One of the complications with T. spirelis infections is that from
5 days onwards the host is infected with both adult worms and their
parenteral progeny. This experiment was designed to test the effect of
the intestinal phase of T. epixalis on the production of PFC against
SRBC by removing adult worms from the intestine by use of anthelmintic
methyridine before any newborn larvae had been produced. Methyridine
is a potent anthelmintic against adult T. spiralis (Denham, 1965).

40 mice were divided into 4 groups:

Group 1 : 10 mice received an infaection of 400 T. spiralis larvae
per os each and were treated twice with methyridine at 500 mg/kg 5 days
after infection. They were immunized with SRBC a day after treatment.
This group is hereafter called the infected-treated group. Group 2 @
10 mice were not infected but received the same dose of methyridine
and SRBC, to determine the effect of methyridine, if any, on the immune
response. This group is hereafter called the uninfected-treated group.

Group 3 : 10 mice wure neither infocted nor treated hut were immunized




Table 6

Effect of a light 30 day old infection of T. spiralis
on spleen IgM PFC assayed 4 cays afler iminunization

with SREC.

No. of PFC/spleen (x 103)

Infected Control

420 + 116 1048 + 141

-
statistically significant




Figure 11

Effect of light 3D day old infection of T, spiralis
on spleen IgM PFC assayed 4 days after immunization
with SRBC
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with ERBC. 5 wice of cach group were killed 4 and 9 days after

irnunization. Spleens were assayed for the nuwber of IgM and IgG

PI'C. Group 4 : 10 mice were infected with 400 T. spiralis larvae.

A mecan of 251 (SE 50) adult worms vere recovered from 5 animals
killed 3 days post infection. The rest of the animals were treated
with methyridine 5 days post infection and killed 2 days later to
check for the therapeutic effect of methyridine. No worms were found
in these mice.

The results of PFC ansay are chown in Table 7 and means are
represented in Fig. 12a and b. A gignificant reduction in the number
of IgM PFC was detected in the infected group on day 9 when compared
to the methyridine and control grovps (p< 0.01 and p<¢ 0.025) res-
pectively but not on day 4. The number of 1gG PFC was significantly
higher in the infected-treated group than the uninfected-treated one
(p ¢ 0.05). However there was no significant difference between the
infected and uninfected untreated control. The drug trcatment had no
cignificant cffect on the number of IgM and IgG PFC either on day 4 or
day 9.

The results of thic experiment suggest that the intestinal stage
of T. spirxalis infection depresses the IgM response to SREBC but not

to 1yG response.

Experiment 3.7

This was essentially a repeat of experiment 3.6 but the mice were
killed 7 days after immunization with SRBC and their spleens assayed
for the number of IgM PFC, Thore were 4 mico in each group. Results

of PFC assays are shown in Table 8 and Fig. 13. Methyridine treatment




Table 7

Effect of the intestinal stage of T. spiralis on the FFC

response to SRBC when assayed 4 and 9 days post immunization.

.l

Grouyp

No. of Prc/spleen x 103

IgM PFC IgG P¥FC

day 4

168
168
192
548
554

teé

methyridine
trea

326 + 92

272
280
432
436
460

Yninfected
methyricine
treated

376 + 41

140
298
320
410
656

Uninfected/
untreated

control

Mean + SE 365 + 85

* statistically significant




Figure 12a :

Effect of intestinal stage of T.spiralis on the IgM PFC
response to SRBC when assayed 4 days after immunization
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Figure 12b

Effect of the intestinal slage of T.spiralis on the PFC
response to SRBC when assuyed 9 days post immunization
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Table 8

The effect of the infestinal phase of T, spiralis infection

on the number of PIKC 7 days after immunization with SRBC

No. of PFC/spleen (x 103)
No. of mice

Infected/ Uninfected/ Control
treated methyridine
treated

404 + 23

*
statistically significant




Figure 13 :

Effect of the intestinal phase of T.spiralis infection
on the number of IgM PFC 7 days ofter immunization
with SRBC
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had ne effect on the number of PI'C cempared to the control group.
A sitatistically highly significant reduction in the nurker of PFC
occurred in infected animals as compared to the uninfected-treated

or contrel groups (p & 0.0005 and p 4 0.0025) respectively.

Exporiment 3.8

This experiment was designed to examlne further the immuno-
depressive cffect of the intestinal stage of . spiralis infectlon.
On this occasion irradiated larvae were used for infection as these
arc sexually sterile bul develop into adult worms which live for a
reasonable time in the gut. A group of 15 mice received 2000
T. spiralis irradiated laxvae each. These mice were given large
nunbecxs of larvae as irradiation reduces the longevity and viability
of T. spiralis. 5 mice were killed 3 days later and a mean of 453

(BE 75) adults recovered. 10 aniuals were used auv uninfected controls.

11 days after infecction,each animel received an injection of 109 SREC,

4 days later all mice were killed, spleens were pooled and 6 chambers
were filled from suspensions of spleens of each group. Table/0 and
Fig. 16 show that the number of IyM PFC in infected animals was sig-

nificantly less than that in the controls (p ¢ 0.01).

Experfuent. 3.9

This oxperiment aimed to study a lower level of frradiatcd larvae
on the nunber of PI'C to SRBC.
10 mice werc infectod with 400 irradiated T. spiralis larvae and

10 mice were left uninfected and used as controls. )1 days post infection




Table 9

Effect of infection with irradiated (i.e. sexually
sterile) T. spiralis on the development of spleen
PFFC in response to the inoculation of SRRC 1)l days

after infecticn.

Mean no. of PIFC/spleen (x 103)

Infected Uninfected

309 + 30 1004 + 144

s statistically significant




Figure 14 :

Effect of infection with irradiated (i.c. sexually sterile)
T.spirolis on the development of spleen PFC in responsc
to inoculation of SRRC 11 days after infection

Un infected

Infected
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all the animals were JlumunizZed withi SREC. Mice were killed 7 days
later, spleens were acsayed for TgM PFC. The results (Table 9
and Fig. 14 show highly significant reductions in the number o® PFC

in infected sice conpared o controls (p « 0.0005).

Expexinent. 3.10

This experimont was conducted to determine the effect of a low
level of infection with irrediated larvae on the immune response to
SRBC. It is comparable with experiment 3.5.

13 mice were infected with 50 irradiated larvae each (mean adult
recovery 22 SE 3). 8 animals and 9 controls were immunized with 109
SRBC each 11 days after infection. 4 and 9 days later spleens of
infected and uninfected groups were assayed for IgM and 1gG PFC.

The results of this experiment are shown in Table 11 and Fig. 16

and show no significant difference between infected and uninfected

groups either on IgM and IyG PFC numbers.

Experiment 3.11

Since the previous experiments proved that there was depression of

the immune response when micu were immunized against SRBC after full

T. spiralis infection (30 days) and after the intestinal stage, the

next step was to sce whether the results could be cbtained at inter-
mediate stages (14 days) after infection. Observations made at this
tine after infection show the effect of the migrating stage and the
intestinal stage. 55 mice divided into three groups were used in

this experiment.




Table 10

Effect ol adult stage of g;_spi;nliq_infection

on the number of PFC 7 deys after immunization

with SRBC. The infeclion was of irradiated

larvac.

No. of chamber

No. of PFC/spleen (x 103)

Infected

Control

Mean + SE

° statistically significant




Figure 15 :

Effect of adult stage of 1, spiralis infection on the
number of PEC 7 days after immunization with SRBC
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Tahle 11

Lifect of a low level irradiated T. spiralis infection on

spleen PEC in response to SRBC inoculation

No. of PFC/spleen (x 103)

IgM on day 4 IgM on day 9

54

Infected

264

229 + 54

184

244

Control 329

376

n.d.

283 + 42

* gtatistically significant




Tahle 11

Lffcct

spleen PFC in response to SRBC inoculation

of & low level iiradiated T. spiralis infectjon on

No. of PFC/spleen (x 103)

Mouse |-
no.

Group

IgM on day 4

IgM on day 9

I1gG

Infected

54

Contxol

56
106
120
124

164

114 + 17

v gtatistically significant




Figure 16 :

Effact of a low level irradiated T,spiralis infection
on spleen PFC in response to SRBC inoculation
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Group 1 : 20 mice were infected with 4C0 T. spiralis larvae for 30

doys. 5 of them were Kkilled at the end of the experiment and muscle

larvac, a mean of 335C0 (SE §210) found. Group 2 : 20 mice infected
vith the same nunber of a different batch of T. spiralis larvac.

204 (SE 60) werc found in the intestines of 5 mice. Group 3 : 15
mice were left uninfected to serve as controls.

The experiment was designed for all the mice to be inoculated

9
with 10° SRBC on the same day. 4, 7 and 9 days later 5 mice of each

group werce killed, their spleens assayed for the number of Igl PFC.
To test for polyclonal stimulation, HRBC were used in the plague assay
on some slides. The results obtained (Table 12 and Fig. 17) demon-
strated significantly decreased numbers of IgM PFC in 14 day and 30
day old infections at days 7 and 9 after SRBC inoculation (p < 0.00S5
and«<0.025 respactively). 1In the assay at day 4 both groups produced
lowver numbers of PFC than the control group but the decrease was not
significant statistically. This experiment confirms that T. spiralis
depressces the immunce response to SRBC at days 7 and 9 after inoculation
and indicates that the migrating stage of infection and the adult stage
can immunodepress &s much as a full infection.

Nearly no PFC were developed when HRBC replaced SRBC in vitro
indicating that even in infected mice plaque formation is specific and
that polyclonal stimulation is not a contributing mechanism in the

imnunodepression induced by T. spiralis infection.

Experiment 3.12

This study aimed to examine immunodcpression at earlier stages

of T. epiralis infoction and to undertake a different approach to study




Tabie 12.

Effect o7 T.spiralis on the number of Ight PFC

after primary immunization with SRBC using

SRBC and HRBC in vitro.

Mean no. of P¥C/splecn x 10

3

Day 7

SRBC

Control
(T IS S S

422
536
792

48
52
€2
62
72

= N O N

38
39
45

© O N O O

59

+ 4

412
520
666

34
36
38
48
4B

13
14

© oc oo

41

b §
]
shal 2
P 3
38
-~ 4
538
S
Maean + SE

3 statistically significant




Figure 17.

Effect of T. spiralis on the number of IgM PFC after
primory immunization with SRBC using SRBC and HRBC in vitro

Anti HRBC PFC

g

No. of PFC per spleen (x 10°)
8 =

3




the ctiect of the nlgrating stage of infection on the PIc responsc.

This ciporiment involved 5 groups of mice.

Grouvp 1 : 20 mice were infected for 7 days with 400 T. spiralis

larvac. The ncan nunber of adults in the intestines of 5 animals

3 days post infection was 187 (SE 17). Group 2 : 20 mice were

infected for 10 days with 400 T. spiralis larvae. Adults counted in

the intestinc of 5 mice 3 days after infection were 269 (SE 69).

Group 3 : 20 mice were infected for 14 Gays with 400 T. spiralis

muscle larvae each.

Three days aftex infection, 5 mice were killed

and the mean number of adults in their intestine was 88 (SE 7).

Group 4 : 10 mice xeceived 40,000 ncwbhorn larvae (NBL) by intravenous

injection. 32,100 (SE 3000) muscie larvae were counted at the end of

the experiment in 5 of these mice. NBL were left in the host for 2%

days before jnmunization with SRBC. Group 5 : 15 mice were left

uninfected as controls.

At the appropriate time after infections, the infected and the

control nice received a dose of 109 SRBC on the same day. 4 days

later £ animals of the first three groups and the controls were killed

7 and 9 days

and their spleens werc assayed for the numbexr of IgM PFC.

after SRBC inoculation 5 animals of cach of the five groups were killed

and the number of IgM PFC of their spleen were determined.

The results (Fig. 18 and Table 13) showed a highly significant

reduction in the number of IgM PFC in all groups of infected animals

when compared to controls at all days of the assays except for the

group infccted for 14 days which showed a significant reduction on

day 4 and 7 but not on day 9.

These results show that all stages of infection are able to alter

The fact that

the immune responsc to the second antigen, SRBC.



to SReC.
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Day 9
8
+1

aticn

7 day old infectic
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Figure 18.

Effect of diffcrent agas of T.spiralis infection
on the primary immunc response to SRBC

Un infected
7 days old infection

10 days old infection

14 days old infection

infection with NBL
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immunodepression was not consistent on each of the days after SRBC

inoculation when plagues were assayed, may indicate that this immune

unresponsiveness is a temporary phencmunon.

Experiment 3.13

This experiment was designed to study further the cffect of

different stages of T. spiralis infection on the number of PFC after

immunization with SRBC.

40 mice vere used in this experiment divided into the following

groups.

Group 1 : 15 mice were infected with 400 T. spiralis larvae and 30 days

To check the infection 5 mice were

later they received 109 SRBC each.

killed 3 days after infection when a mean of 159 (SE 73) adults was

found. Group 2: 15 mice were infected with 800 irradiated 7. spiralis

larvae, 5 days later they received 109 SRBC. To check the infection

5 mice were killed 3 days post infection when a mean of 167 (SE 29)

adults was found. Group 3 : 10 mice received an infection dose of

40,000 newborn larvae (NBL) intravenously 25 days before being immunized

with 10g SRBC. Infection was checked in this group by counting the

number of muscle larvae in 5 of the animals. A mean of 24,880 (SE

4,630) larvae was found. Group 4 : 5 animals were not inferted but

were only immunized with 109 SRBC each.

The timing of this experiment was arranged so that all the nice

roceived their SRBC on the same day. 4 and 9 days after immunization

S mice of each group were killed and splcens assayed for the nunber

of IgM and IgG PFC.

Results of this exporiment (Fig. 19 and Table 14) confirm that

a full infection, an adult only infection and NBL of T. spiralis



aable 14

days after SRBC injection.

Fffect of diffecirent stages of infection of T. spiralis on spleen
YEC (4 and 9)

Group

Mousc
no.

Mcan no. of PFC/spleen (x 103)

IagM on day 4

IgM on day 9

I1aG

Full
infection

i
2
3
4
5

232
372
428
484
528

18
20
42
54
60

277

321
411

409
51

39
9

Adult

infection

1
2
3
4
S

356
372
424

12
26
34
54
88

253

374
384

+ SE

36

43
13

39

NBL
infection

1
2
3
4
5

108
128

316

38
86
88

135
192
338

Control

y statistically significant




Figure 19:

Effect of different stages of infection of T, spiralis ‘
on spleen PFC (4 ond 9 ) days ufter SRBC injection
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depress the imiune response upon jmnunization with SRBC. Depression

was chown by the lower number of XIgM PFC of infected animals compared

to controls on day 9 (p ¢ 0.01, p ¢ 0.01, p & 0.C5 respectively).

Numbers of IgM PFC on day 4 were lower than the control but the

Surprisingly the number

deprcssion was not statistically significant.

of TgG PFC of infected animals was more than the controls. The increase

was significant in full infection (p ¢ 0.025) and adult infection

(p ¢ 0.025) but not sjgnificant in NBL infection.

This would confirm results of previous experiments that the three

stages of T. spiralis infection (adults, NBL, and full infection)

depress the primary IgM PFC immune response to SRBC elther scparately

or conjointly in mice.

Effect of T. spiralis on the number of PFC after a second immunization

with SRBC

In the previous experiments there was no significant depression

in the number of IgG PFC in T. spiralis infected animals compared to

As most of the antibody

controls after primary immunization with SRBC.

after a second injection of antigen is usually 1gG it was decided that

it would be interesting to study the number of IgG and IgM PFC after

secondary immunization in infected animals.

Experiment 3.14

24 mice were divided into 3 groups.

Group 1 : 9 mice were infected with 500 T. spiralis larvae, 4 mice were

- SRBC, the rest of the mice were

immunized 15 and 30 days later with 10




used to check the infection by counting larvae in the digested
muscles; with a mean recovery of 61,900 (SE 7,964). Group 2 : 10
wice werc inmunized with 109 sheep crythrocytes 10 days before being
infected with 500 T. spiralis larvae. 5 mice received a secondary
dose of SREBC 5 days after infection. The rest of thc animals of
this group were digested 30 days after infection when a mean of
54,000 (sE 1,802) muscle larvae were found. Group 3 : 5 mice were
not infected but received 2 doses of SRBC 15 days apart.

The experiment was arranged so that all the animals received
their injections of SRBC on the same days. 7 days after the second
immunizatjon all the mice were killed and their spleens were assayed
for direct and indirect PFC. Details of results are shown in Table
15 and means represented in Fig. 20. IgM but not IgG PFC of intestinal
stage group was less than the control (p ¢ 0.05). However, there was
no differcnce between full infection group and controls in the number

of IgM or 1gG PFC.

Discussion

The result of all the experiments reported in this chapter are
summarized in Table 16. It can be seen that in nearly every experiment
a 30 day old infection caused a reduction in the nunters of IgM PFC.
There were two exceptions to this; in experiment 3.3 (Table 4) there
were more IgM PFC nine days aftcr inoculation of SREBC and in experiment
3.13 (Table 14) there was no difference between the infected and
uninfected mice 4 days after inoculation of SRBC. No explanation is

available so far for these results, but they may indicate that day 7

is an optimum day to detect immunodepression in T, spiralis infections.




3

Greup Mouse No. of PFC/spleen (x 107)
no. IgM IgG
1 92 50
Full 2 118 68
infection 3 150 102
4 210 113

Mean + SE 143 + 25 83 + 15
1 68 52
Intestinal * ES 58
3 90 102

stage

4 114 110
5 138 208

Mean + SE " 99 412 108 + 27
1 110 10
2 118 66
Control 3 134 70
4 134 88
5 150 144

Mean + SE 129 + 7 76 + 21

L
statistically significant

!
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Table 15

Effcct of T. spiralis on spleen PFC after secondary immunization

3
Croup Mouse No. of PFC/spleen (x 107)
no. igM IgG
1 92 50
Full 2 118 68
[ infection 3 150 102
r 4 210 113
Mean %+ SE 143 & 25 83 + 15
i ]
1 68 52
Intestinal 2 g6 68
3 90 102
stage
4 114 110
5 138 208
Mean + SE : 929 + 12 108 + 27 |
|
1 110 10
2 118 66 :
Control 3 134 70
4 134 a8 [
s 150 144
!
Mean + SE 129 + 7 76 + 21 |

i statistically significant

|
|
|
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Figure 20 :

Eficct of T.spiralis on spleen PFC after secondary
immunization
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Zable 16. A sumrary of immunodepression induced by T. spiralis judged by PFC assay during primary response
(D = significant depression, S = significant stimulation, n = no effect).
Exgerizent Table Nc. of 7. spiralis Type of infection Effect on IgM PFC after Effect on
No. No. larvae inoculated injes IgG PFC
Day 4 Day 7 Day 9
3.3 4 400 ] D - s n
3.4 5 400 | - D - -
3.11 12 400 > 30 day old infection n D D -
3.13 14 4CC l - D s
3.5 s 50 A D - - -
3.6 7 400 -
5 Methyridine treated - o s
3.7 8 400 - D - -
3.2 10 2000 D o~ - -
i3 - "o Irradiated larvae . = . 2
3.9 9 <00 - D - -
10 11 0 ) n - n n
i " 3
" s New born larvae - °
12 13 40,000 - D D -
3.57 13 400 7 day cld infection D D D -
2 1 4C0 10 day old infection D D D -
2 12 £00 g " - ” L D D -
2 13 400 - Sed Uk s D D n -




The rewtining exncriments attcenprked to determine which part

of the life cycle is responsible for this itmone depression.

The o feck of the intestinal phaze of the infecticn was studied

two ways.  In experiments 3.6 and 3.7 the infections were termi-

neted by trecatment with mothyridisne befoxre any arvae had been boxin.

Mo depression was seen on day 4 but on days 7 and 9 therc was signi-

ficant cepression. This suggeste that the intestinal phase may depress

tlie immuce response by reducing the duration of the IgM response. In

3.8, 3.13, 3.9 and 3.10, irradiated, sexually sterile

experinants

infections were used. When 2000 larvee were used depression was seen

on day 4 bult when lower levele of infection were uned depression was

only scen 7 or 9 days after inoculation of SRBC. Very light infection

did rnot cauxe depression (experiment 3.10) whereas a similar level of

noxmal lorvae left for 30 days did (experiment 3.5). Dose dependency

hae been yeported to be important in induction and maintenance of

irmmunodepression. Usually the larger the dose of the entigen, the more

complete is the unresponsive state and the longer the duration (Smith

1956; kitzman ard &mith, 1959).

and Bridgces,

In addition the minimal dose of antigen required to induce

unresponsiveness con vary from one strain of host to another (Golub

This point may explain the controversy about the

and weigle, 1969).

effectn of the intestinal phase of infection. Further research may be

worth doing to detcct the optimum dose responsible for immunodepression

by adult T. spiralis infection.

vhen the new horn larvac (NBL) were injected intravenously

(experimionts 3.12 end 3.13), thus producing a muscle infection but no

intestinal phase, depression vwas sean on dayr 7 and 9 but not on day 4.

In cxperiments 3.12 and 3.13 the effects of differcnt ages of



infection were compared. Stronyg doprescion was evident on days 4,

7 and 9.

that a mixture of intestinal adults and

then,

It appears,

migrating and developing larvae is more effective in depressing the

Linmmune response than is either stage on its own. It is conceivable

that this is because the stimulus from these "natural" infections

continues for longer than it does in the artificial infections.

These results are in agreement with those of Faubert (1976),

Chimishkyan et al. (1974), Jones ¢t _al. (1976), Lubiniecki and Cypess

concerning the ability of

(1975a) and Ljungstrom and Huldt (1977)

infections which are 14 or more days old to reduce the numnber of PFC

but neither Lubiniecki etzL . (1974h) nor Ljungstrom and Huldt (1977)

In experiment 3.12, 7 and 10 day old

found depression before this.

infection caused a diminution of the PFC response. The results of

thie part of the study are supported by the vork of Faubert and Tanner

(1975) who found that sera collected from animals infected with

T. spiralis for 7 days agglutinated and killed homeclogous lymphoid coclls

in vitro. Cypess et al. (1973) and Lubiniecki et al. (1974a) found

maximal 7 days post

that increcased susceptibility to JEE virus was

spiralis. However they found that mice infected

infection with T.

with irradiated T. spiralis, had the same low susccptibility te JBE

This may be because of

virus as the contriols (Cypes. et al., 1973).

the high level of irradiation used in their work would markedly reduce

Ljungstrom and Huldt

the longevity of adult worms (James, 1974).

(1977) and Barriga (1978a)have demonstrated that allograft rejection

was delayed in mice infected with T. spiralis especially 7 days after

infection. It is, therefore, clear that the early part of infection

is capable of depressing the immune response although this is the




first report of dey

ressed SRBC-PFC immune response induced by

intestinal stage of T. spiraliz infection in mice.

It c¢an be scen (Table 16) that enly IgM PIC were depresscd

durding T. spivalis infection. IgG PFC were not depressed either after

rrimary or secondary immunization. Ljungstryom and Hulat (1977) found

that IgG I'FC werc not depressed until 42 dasys post infection. This

suggests that IgG PYC are affected by encysted muscle larvae but not

by the intestinal or developing muscle stages. A differential

unresponsive state has also been reported between different immuno-

globulins (Weigle, 1973). An explanation may be the existence of two

populations of B lywphocytes, committed to production of antibody of

various classes or subclasses which respond differently to contact

with antig-n and may contain receptors of different avidity (Playfair

Alternatively, the receptors may be present on the

and Purves, 1971).

cell surface in different amounts. Also it has been shown that both

19 s and 7 & synthesis is amenable to suppression (MSller and wiezell,1965)

but there is gencral agreement that 7 § production is more resistant to

depression.

In experiment 3,11 an attompt was made to demonstrate polyclonal

B cell stimulation in T. spiralis infected animals.

it was cdemon-

Under the conditions made in the experiment 3.11,

strated that animals immunized with SRBC and either infected with

T. spiralis or uninfected, produced the same number of PFC when HRBC

This excludes non specific B cell stimulation

were uscd in the assay.

Non specific polyclonal

ags a partial cause of specific PFC depression.

B cecll activation leading to the exhaustion of B cell potential has

been cuggested as a mechaniem for immunodepression in trypanosomiasis

(Urquhart et al., 1973 and Hudson et al., 1976 ) and in §. mansoni




infections (Ramalho-pinto et al., 1976). The experiment reported
above does not support the possikility of this happening in

T. spilralis infection. bpifferent approaches to study non specific

B cell activation in . spiralis iufection may be useful in deteccting

this phenomenon.




CUHAPTER 4

Effcct of T. spiralis infecction on antibody

levels in the sera of mice

Introduction

In view of the observations that T. spiralis affects the number
of antibody forming cells studics were now directed towards determining
the levels of antibodies in the sera of animals infected with
T. spiralis larvae.

It has becen shown that anti-SRBC but not anti-PVP agglutinins
were depressed in animals infected with T. spiralis larvae for 7 days
(Barriga, 1975). In contrast, Lubiniecki et al. (1974b) have demon-
strated that a 7 day old T. spiralis infection in mice had no
significant effect on antibody titres against SRBC. Lubiniecki and
Cypess (1975a) reported that anti-SKBC haemagyglutinins were depressed
in mice 14 days after T. spiralis infection but Jones et al. (1976)
found that depression of haemagglutinins occurred only 20 days post
infection. Ljungstrom and Huldt (1977) showed that anti-SRBC
agglutinins were depressed 3 and 6 weeks but not 1 week after infection.

Agglutinating and haemolysin levels in sere of animals sensitized
previously with an antigen may be compared semi-quantitatively by
determining the end point of their titration curve. The sera are
dilutcd until they no longer give a visible reaction with antigen by
the agglutination or haemolysin tests.

In thic part of the study, it was decided to study the effect of

different phases of T. spiralis infection on the immune response to




7. dependent and T. independent antigens SEBC and LPS using

aggluetiration and haemolysin tests.

Materials and Methods

Preparation of the sera:

Mice werc killed with nembutal and then bled indivicdually by

heart puncture. Blood was left at room temperature for 1 hour and

then overnight at 4°C to allow shrinkage of the blood clot to get

Next day centrifugation was carried out

the maximal amount of serum.

at 1000 g for 5 minutes. The collected sera were kept in aliquots

at -70°c until assayed to avoid denaturation of proteins by xepeated

thawing and refreezing.

Measuwrement of anti-SRBC haemagglutinings

Anti-SREC agglutinins were meazured in the sera of different

groups using the simplest form of haemagglutination test. 0.025 ml

of each serum (measured by a standard éropping pipette) was diluted

with an cgual volume of pH 7.2 phosphate buffered saline (PBS), in

the V-shaped vells of Microhaemagglutination trays (Flow Laboratories

Serial dilutions in PBS were made using

Ltd., Irvine, Scotland).

standard diluting loops. For each mouse serum, two rows of dilutions

Between cach serum the diluters

of antiserum in PBS were prepared.

were washed in distilled water then hcated in & Bunsen flame until

0.025 ml of 2% SRBC which had been washed three

they were red hot.

times in PBS and then suspended in PBS was added to each serum

dilution and to a well containing 0.025 ml of FBS, as a control for




spontencous agglulination. A positive and a negative contxol were

used Lo check the validity of the test. 4he trays were covercd by

a s#ealer strip, the contents of the wells mixed by shaking and

incubated at 37°C for 30 minutes and left at 4% overnight. The

results were read on a white surface or using a mirror. Agglutination

titres wexe read as the last well which shows complete agglutination

(even deposits). For negative results the red cells fell into the

bottom of the well forming a red button.

Measurement of SREC haemolysins:

The buffer ucecd for this assay was Barbitone buffered saline

(BBS) pHl 7.6, propared as follows:

Solution A : 85.0 g Sodium chloride

3.75 Sodium diethylbarbiturate

Made up to 1400 ml with distilled water

Solution B 5.75 Diethylbarbituric acid in 500 ml hot dis-

tilled water

O (2.0 M) dissolved in 50 ml

Solution € : 20.3 g NgC126H2

distilled water + 30 ml 1.0 M Calcium chloride

solution. Adjust to 100 ml with distilled water.

(Final concentration MgCl, ionm, Cacl, 0.3 M).

Solutions A and B were .:.ixed znd left to cool at room temperature.

5 ml of solution C was added and the final volume adjusted to 2 litres

with distilled water and stored at 4°C. The buffer was diluted §

times just before usc.



lytic dosc of the complement (MID) :

g of mindpuam hae

of SRBC with antibody:

SRBCs were washed three times in BBS and 6% of SRBC in the

35 ml of BBS were mixed with 0.1 ml of rebbit

butt o were preparcd.
hacrolytic serun (obtained from Wellcome Reagent Ltd., UK) then 15

ml of &2 SREC were added. The cell suspension was incubated at 37°C

minutcs. The sensitized cells were used within 24 hours of

for 15

picparation.
The corplement was preparcd from a pool of guinca pilyg serum as

described in Chapter 3. Dilutions of the complement were set up as

follows:

Tube number

Parbitone buffered saline (ml)

Guinea~-pig serum (ml) 3initial

dilution 1:10 0.1

1:20 1:30 1:40 1:50 1:60 1:70

Final complement dilution

0.1 ml of each complement dilution was added to 0.2 ml of BRS +
0.1 ml of sensitized erythrocytes then incubated for 30 minutes at 37°%
ond left overnight at 4°C. The dilution of the tube next to the first
one vhich showed a button of erythrocytes was taken as the MiD. 1In

the assay 4 D were usod (1:20).

Hacmolysing assay:

Anti-SRBC haemolysins were mecasured in the sera of individual

animale. Two rows of scrial dilutions of scra wore prepared as




described in hacmegglutination test but using BBS instead of PBS.

Dilutiors were

made in the U-shaped wells of microtitration trays.

0.025 2%

ml. of SRBC (washed and prepsred in BBS) was added to cach

serum dilution and 0.025 ml of the diluvied complement was added. A

pesitive and a2 negative control were used to check the validity of

the assay. The trays were then covered with a sealcr strip, shaken

well, incubated at 37°C for 30 minutes, then left at 4°C overnight.

The cond points were talen as the last well which showed complete

haenolysis.

Measurcvment of anti-Lipopolysaccharide (LPS) by cowplement-mediated

Egemolysis:

The buffer used in this assay was balanced salt solution (BSS)

prepared as follows:

Calcium chloride

Sodium chlorxide

Potassium chloride

A 7H20 (0.8 mM)

Magnesium chloride, MgCl2 6H20 (1.0 mM) 0.20 g

Potassium dihydrogen phosphate (0.4 nM)

Magnesium sulphate, Mg SO

Di-sodium hydrogen phosphate, Na2HP042H20 (1.4 M) 0.24 g

All components were dissolved in 1000 ml and kept at 4°c until uscd.

Coating of SRBC with LPS:

3 mg of LPS of Escherichia coli serotype No. 055:B5 (obtained

from Sigma Chemical Company) were dissolved in 3 ml BSS in a Bijou

bottle which was kept in a boiling water bath for 2 hours; the pH

wae adjusted to 7-8 during boiling by adding 0.1 M NaOH. The LPS



solutica was jeft to cool at room teunpcrature. SRRC were washed

3 tives in PSS and ) ml of packed cells were added to the LPS

solution and then incubated at 37°C for 45 minutes. The coated cells

were then washed three times in BSS then diluted to 2%. The coated

cells urre used within tvo days of preparation.

The assoy:

The anti-LPS haemolysin assay was done as described in anti-SRBC

hacmolysin assay, except that ILPS coated SRBC were used instead of

normal SRRC and BSS were used as a buffer instead of BBS.

Preliminary experiment:

This experiment was designed to study the levels of IgM and IgG

antibodies against SRBC in the mouse sera, at different times after

SRNC injection, using the method described by Olson et al. (1976) for

25 mice wexre

used in this experiment. 20 animals received a dose of 109 SRBC and

inactivation of antibodies using Dithiothreitol (DTT).

5 left unimmunized. 5 immunized mice were killed 4, 6, 9 and 12 days

later and were bled individually from the heart and sera were separated.

Equal

The sera of unimmunized mice were also prepared individually.

volunes (0.025 ml) of serum + DIT (Sigma) or BBS were incubated at

379 for 30 minutes. Doubling dilutions were then made for each

serum sample. The total and DIT resistant antibodies were measured

using the assay for haemolysin antibodies as described before. The

titre of DIT resistant antibodies is equivalent to that due to IgG

in the serum and the titre obtained without DIT was due to IgM plus

I1gG.




The resultsy obtained (Tzble 17, Fia. 21) showed that the titre

of antibedies dotected ot day 4 was due to DI sensitive antibodies,

vhile DTT resistant antibodies wexe of low titre (1:5). This result

showed that anitbody levels in the scerum at day 4 represents mainly

IgM antibodics.

PIT resistant antibodies (IgG) started to appear

in the serum in a reasonable level at day 6, increaced gradually to

conztitute the major part of the total antibody levels at day 9 and

12 while DTT sensitive antibodies (Igll) were of very low titres.

This result indicates that the antibody levels in the serum zt day

9 and 12 represents mainly IgG. From the results of this exporiment,

it was decided that day 4 and day 9 were suitable days for measuring

IgM and I1gG antibodies, respectively, in the serum.

Statistical snalysis:

The geometric mean (95% confidence interval) was more suitakle

for the results of this chapter since the data tended to be skcwed.

I. EFFECT OF T.

SPIRALIS INFECTIONS ON HAEMAGGLUTININ AND HAENOLYSIN

ANTIBODIES AGAINST SRBC.

Effect of full infection:

1.

Experiment 4.1

14 mice were infected with 400 7. cpiralis larvae and 9 kept as

controls. 30 days after infcction 9 mice of cach group were immunized

with 109 SREC and exsanguinated 4 and 9 days later and haemagglutinin

Infection was

and haemolysin titres were estimated in the sera.



Titres of total and DTT resistant (i.e. IgG) haemolysins in the serum at different times after SRBC

inoculation.

Days after Geoxetric mean of reciprocal * Geometric mean of reciprocal
titre of total antibodies titre of DIT resistant

imzunization (95% confidence interval) antibcdies

1184 (631 - 2221) 5(3-8)

l Trzenized 2347 (1354 - 4098) 294 (124 - 695)
[ (SRBC)

: 1552 (902 - 2669) 1156 (620 - 2158)
|

|

2767 (1831 - 4178) 2702 (1882 - 3878)

| tas 000 000

* represents IgG antibcdies
g3




Figure 21.

Titres of total and DTT resistant (i.e. lgG)
hacmolysins in the serum at different times
after SRBC inoculalion

D Total antibody
. DTT resistant antibody
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checked by countirg the ruwber of adults in the intestines of 5

infected mice; a nean worm recovery of 167 (SE 69) was found.

Results are shewn in Table 18 and Fig. 22 and show that on day

4 hacmagglutinins and haemolysing were significantly less in infected

animals than ip uninfected controls (p < 0.01, p < 0.0005) respectivecly.

Mntibody titres on day 2 were less in infected animals than controls

but these differences were not statistically significant.

Expeximent 4.2

The aim of this cxperiment was to determine if the cffect of a

full infection of T. spiralis on antibody titres seen in experiment

S mice were infected

4.1 is depcndent on a high level of infection.

with 50 7. spiralis larvae. 30 days later, the infected mice ard a

group of 5 normal mice were injected with 109 SRBC.

4 days later all

mice were killed and haemmagglutinin titres of their serum determined.

There were no significant differences between the titres of the two

23) . The infected mice contained a mean

groups (Table 19 and Fig.

of 3186 (SE 539) muscle larvae. Results of this experiment indicate

that a high level of infection is needed to depress the antibody level

in the scra of mice to SRBC.

2. Effect of intestinal phase:

Experiment 4.3

This experiment was decigned to test for the effect of the

intestinal stage of T. spiralis on haemagglutinin and hacmolysin

15 mice were infected with 400 T. spiralis larvae. 3 days

titres.

later a mean of 251 (SE 50) adults were found in the intestine of 5



Table 18

Effect of

a 30 dey old ¥. spia lig infection

on antibody production

upon jnmunization with SRBC

Reciprocal of titres

Mouse
no.

Haemagglutinins

a4

Haemolysins

a9

d 9

Infccted

128

192

192

256

256

128

intecxrval)

Geometric mean

(95¢% coufidence

3
199

(152-262)

457
(304-686)

(378-648)

362
(126-1037)

Control

384

512

1024

1536
1536
3072
2048

2048

interval)

Geonetric mecan

(95% confidence

456
(280~745)

1054
(294-3773)

1993
(1511-2592)

186l
(189-18620)

* statistically significant




Figure 22.

Effcct of 220 day old T.spiralis infection on antibody
produciion vpon immunization with SRBC
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Table 19

Elffecl of a 30 day old light ‘. spiralis inicction on

haemagylutinins after SRPEC injection.

Reciprocal
of titres

Day 4

32
48
Infected 64

96

Geometric mean 66

(95¢ confidence interval) (39~110)

24

48

Control 48

64

Geometric meen 54
(95¢ confidence interval) (30-96)

*+ gtatistically significant
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Figure 23.

Effect of a 30 light T, spiralis infection
on heamagglutinins after SRBC injection

0 Uninfected
o Infected

— Geometric mean




mice. 1Infection was terminated by a dose of Methyridine sub-

cutaneously 5 duys post infection. Another grocup of 10 mice received

Mcthyridine without infection and 10 mice were kept as normal controls.

The mice were immunized with 109 sheep erythrocytes one day

after Methyridine treatment. 4 and 9 days later 5 mice of each group

were exsanguinated and the serum collected. Haemagglutinins and

haemolysins were assayed on individual sera. Results are shown in

Table 20 and Fig. 24. Haemagglutinin titres were significantly less

on day 4 in infected animals when compared to Methyridine or control

groups (p ¢ 0.0005 and p<4& 0.025) respectively. Haemolysin titres

were also significantly less on day 4 in the infected group compared

to Methyridine'or control groups (p<4 0.025 and p & 0.0125) respectively.

No significant difference was detected on day 9 either in haemag-

Methyridine treatment had no effect

glutinin or haemolysin titres.

On day 4 haemagglutinin titres in the

on antibody titres on day 9.

Methyridine treated mice were significantly more than the control

Haemolysin titres in Methyridine treated group

group (p ¢ 0.025).

were significantly less than the control group (p €« 0.05). The results

of this experiment indicate that the intestinal stage of T. spiralis

infection can depress haemagglutinin and haemolysin antibodies in

serum of infected animals on day 4.

Experiment 4.4

This experiment was designed to confirm the effect of adult

15 mice were infected

T. spiralis on the immune response to SRBC.

with 2000 irradiated T. spiralis larvae. 5 mice were kixlﬁi_to check

the level of infection and gave a mean of adult recovery of 453 (SE

75). 5 days after infection, 10 infected and 10 uninfected mice were




Table 20

Effect of intestinal phase of T. spiralis infection on

antibodies upon SRBC injection

Reciprocal of titres

Haemagglutinins

Haemolysins

d 4

a9

a4 49

Infected then
Methyridine

treated

wt b w N

64 512
128 1024
128 1024
192 1024
256 2048

24 2048
512 2048
768 2048

1024 4096
3072 4096

Geometric mean

(958 confidence
interval)

*139 1024
(84-228) {(642-1632)

495 2702
(87-2798) |(1882-3878)

Methyridine
treated

m b w N

512 384

512 512
512 512
512 768

768

1536

2048 2048

4096 2048
4096 2048
4096 2048

4096 4096

Geometric mean

(958 confidence
interval)

*s55 653
(468-658) |(391-1089)

*3566 2353
(2655-4788)[(2474-3159)

Uninfected,

untreated

controls

MmN & W N M-

128 512
256 512
384 512

384 1024
512 2048

4096 1024
4096 1024
6144 4096
6144 4096
6144 4096

Geometric mean

(958 confidence
interval)

301 776
(180-502) [(465-1401)

5244 2353
(4233-6443)|(1141-4850)

* gtatistically significant




Figure 24,

Effect of intestinal phase of T, spiralis infection
on antibodies upon SRBC injection
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: 9
injected i.p. with 10° SRBC. 4 days later, the animals were killed

and haemagglutinins and haemolysins were measured in the sera.
Results of antibody titres are shown in Table 21 and Fig. 25 and
confirm that intestinal phase of T. spiralis could depress the
haemagglutinins and haemolysins (p & 0.0025 and p ¢ 0.0005)

respectively.

Experiment 4.5

This experiment was carried out to determine the effect of a low
level of infection using irradiated larvae on the antibody titres upon
SRBC infection. 1It is comparable with experiment 4.2. 15 mice were
infected with 100 irradiated larvae each. 5 mice were killed and gave

a mean adult recovery of 22 (SE 3). The infected mice and 10 uninfected

mice were injected with 109 SRBC each 11 days after infection. All

animals were killed 4 and 9 days later and haemagglutinin titres were
measured in their sera. Results, Table 22 and Fig. 26, show no sig-
nificant differences in haemagglutinins of infected and control groups
both on day 4 and 9. This result demonstrates that a high level of
infection is needed for the intestinal stage to depress the immune

response as measured by serum antibody levels

Experiment 4.6

Thls experiment was conducted to study further the necessity for
a high level of intestinal phase of T. spiralis infection. 24 mice
were used in this experiment, 8 mice each group. The first group was
infected with SO T. spiralis larvae each. 5 days later infection was

terminated with Methyridine. The second group was injected with




Table 21

Effect of irradiated T. spiralis larvae (i.e. intestinal

phase only) on the production of antibodies against SRBC.

Reciprocal of titres

Haemagglutinins

Haemolysins

Intestinal phase

OV 0 N O & W NP

"
o

256
384
768
768
1024
1024
1536
2048
2048
4096

192
384
512
512
768
768
768
1024
1536

Geometric mean

(95% confidence interval)

*1048
(651-1689)

*621
(428-901)

Control

W ® 9 00 & W N+

»
(=]

1536
1536
2048
2048
2048
2048
3072
4096
4096
4096

768
1536
1536
1536
1536
3072
3072
4096
2096

Geometric mean

(95% confidence interval)

2478
(1972-3116)

2063
(1451-2932)

* gtatistically significant




Figure 25.
Effect of irradiated T.spiralis larvae (i.e. intestinal
stage only) on the production of antibodies against
SRBC.
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Table 22

Effect of a light irradiated (i.e.

infection of T. spiralis on haemagglutinins against SREC.

intestinal phase)

Reciprocal of titres

4 4

a9

Infected

128
256

256

256
256
256

384

Geometric mean
{(95% confidence interval)

203
(104-398)

283
(223-359)

Control

64

64
128
256
256

256

Geometric mean
(95% confidence interval)

183
(54-424)

169
(93-305)

* gtatistically significant




£
3
5
5
3
i3
&

wn
2

4 4

w
2

~

—
s

Figure 26.

Effect of light irradiated (i.e. intestinal phase)
infection of T.spiralis on haemagglutinins against
SRBC
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Methyridine without infection, the third group was used as control.

One day after Methyridine injection, all mice received 109 SRBC.

Sera of animals were collected 4 and 9 days later and haemagglutinins
were measured. Results, Table 23 and Fig. 27, show no significant
cdifferences in antibody titres between infected and both Methyridine
and control groups on day 4 and 9, confirming the results of the
previous experiment and indicating that depression of the immune
response by intestinal stage of T. spiralis is dose dependent. The
Methyridine treated group had slightly significant increase in
haemagglutinins when compared to controls on day 9 (p ¢ 0.05).
However, there was no significant difference when compared to controls

on Aday 4.

Experiment 4.7

It was noticed from experiment 4.3 that treatment with Methyridine
appeared to increase haemagglutinin antibodies and depressed haemo-
lysin antibodies when compared to control animals on day 4. Therefore
this experiment was conducted to either confirm or exclude this effect
of Methyridine treatment on antibody levels against SRBC. A heavy
dose of Methyridine, 1.2 ml of 5% suspension (6000 mg per kg body
weight), on divided doses on two days, was injected subcutaneously
into each of 8 mice. A day later the group of Methyridine treated
mice and a group of 10 untreated controls were injected i.p. with 109
SRBC. All mice were bled 4 days later and serum separated to measure
the haemagglutinin and haemolysin titres. Results, Table 24 and Fig.
28 show no difference between the two groups in both types of anti-

bodies, indicating that Methyridine has no effect on antibody titres.




145,

Table 23
Effect of a light Methyridine terminated infection of

T. spiralis on haemagglutinins against SRBC

Group Volse Reciprocal of titres
no. aa a9
1 128 768
Infected, 2 512 768
treated 3 512 1024
4 1024 1024
Geometric mean 431 886
(95% confidence interval) (154-~1200) (731-1076)
1 512 1024
Hetioxicaine 2 512 1024
Sasted 3 1024 2048
4 1024 -
*
Geometric mean 724 1290
- (95% confidence interval) (452-1159) (658-2530)
' 1l 192 256
2 768 512
Control
3 2048 768
| 4 2048 1024
"
" Geometric mean 886 567
r (95% confidence interval) (237-3311) (280-1149)

* gtatistically significant




Figure 27,

Effect of light Methyridine temminated infection of
T.spiralis on haemagglutinins against SRBC
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Table 24

Effect of Methyridine on antibody titres 4 days after

SREC injections

Group Mouse Reciprocal of titres
S Haemagglutinins Haemolysins

1 1536 384

2 2048 1536

3 2048 1536

4 3072 2048

Methyridine
S 3072 3072
‘ treated

6 3072 3072

7 3072 =

8 4096 -

‘ Geometric mean 2638 1612
(95% confidence interval) (2133-3263) (857-3027)

1l 1536 768

2 1536 1536

3 2048 1536

4 2048 1536

Control S 2048 1536

6 2048 3072

7 3072 3072

8 4096 4096

9 4096 4096

10 4096 -

Geometric mean 2478 2063
(958 confidence interval) (1972-3116) (1451-2932)

* gtatistically significant




Figure 28.
Effect of Methyridine on antibody titres 4 days

after SRBC injection
o Controls
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II. EFFECT OF T. SPIRALIS ON ANTIBODY TITRES AGAINST THE

T-INDEPDENT ANTIGEN, LIFPOPOLYSACCHARIDE (LPS)

1. Effect of full infection:

Experiment 4.8

This experiment was conducted to test whether T. spiralis immuno-

The T-independent

depression is purely T-cell dependent phenomenon.

antigen LPS was used as the test antigen. 45 mice were used in this

experiment. 25 mice were infected with 200 T. spiralis larvae. The

mean number of adults counted in the intestines of 5 mice 3 days after

infection was 105 + 6. The rest of the mice were left as uninfected

controls. 30 days later, each mouse received an intravenous injection

of 10_2 Hg of LPS dissolved in 0.1 ml of BSS. 4, 6, 9 and 12 days

later 5 infected and 5 control mice were killed and bled from the

heart. Sera were separated and anti-LPS haemolysins were measured

on individual samples. Results (Table 25 and Fig. 29) showed low

titres of antibodies in T. spiralis infected mice when compared to

the uninfected controls at day 4 (p < 0.05), day 6 (p <« 0.0005) and

No antibodies were detected in infected animals

day 12 (p < 0.0025).

at day 9. This experiment shows clearly that T. spiralis infection

depresses the host immune response to LPS antigen.

Experiment 4.9

This experiment was essentially a repeat of experiment 4.8 except
Tabla 26

that animals were killed 4, 6 and 9 days after LPS injection.

and Fig. 30 show the results. Anti-LPS antibodies were suppressed in

T. spiralis infected animals when compared to controls at all days




Table 25 Effect of full infection of T. spiralis on the haemolysin titres against LPS

Reciprocal of titres

Day 6

Day 9

256
256
256
512
512

Gecmetric mean
(95% confidence interval)

* 338
(235-485)

LPS

16
32
32
32
64

1024
1024
2048
2048
4096

256
256
512

256

Geometric mean
(95% confidence interval)

32
(20-51)

1782
(1026-3096)

223
(128-387)

128
(48-342)

* statistically significant




Figure 29.

Effect of a 30 day T,spiralis infection on
the haemolysins against Lps.

o——o Lps

®-—-® T spiralis+Llps

104

™
r

)
:
s
i
3

o
e

- u

Days after immunization




Table 26 Effect of full infection of T. spiralis on haemolysin antibodies against LPS

Reciprocal of titres

Day 6

128 8
T. spiralis + 128 16
LPS 128 16
128 16
256 32

Geometric mean " 2.7 * 145 * 16
(95% confidence interval) (1-2) (110-197) (10-25)

128 512 128
256 1024 256
512 1024 256
1024 2048
2048 2048

Geometric mean 501 1177 333
(95% confidence interval) (180-1455) (677-2043) (160-717)

* statistically significant




Figure 30.

Effect of a 30 day old T.spiralis infection
on haemolysins against Lps.
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(p < 0.0005) confirming that T. spiralis infection depresses the

immune response to LPS antigen.

2.

Effect of developing and intestinal phases:

Experiment 4.10

The aim of this experiment was to see whether immune unresponsive-

ness to LPS antigen was a feature of earlier phases of T. spiralis

infections in mice. 25 mice were infected with 400 T. spiralis larvae.

3 days later 5 mice were killed and 133 (SE 42) adults found in their

intestines. 14 days after infection, infected animals and 10

uninfected controls were injected i.v. with l.l')-2 Hg LPS dissolved in

0.1 m} BSS. A day later 10 mice of the infected group died. 4 and

6 days later, 5 animals of each group were killed and their sera col-

lected. The anti-LPS haemolysins measured in their sera (Table 27)

showed no significant difference between the two groups on either day

of the assays indicating that the migrating phase of T. spiralis

infection has no effect on the immune response to LPS antigen.

Experiment 4.11

This was essentially a repeat of experiment 4.10 but a third

29 mice weres infected

7 day old T. spiralis infected group was added.

with 400 T. spiralis larvae. 5 animals were killed 3 days later and

7 days later,

170 (SE 26) adults recovered from their intestines.
another group of 29 animals were inoculated with 400 T. spiralis

larvae and 115 (SE 18) adults counted in the guts of 5 mice 3 days

post infection. 14 days from the start of the experiment all infected

-2
animals and 20 uninfected mice were injected i.v. with 10 = ug of LPS




Table 27 Effect of a 14 day old T. spiralis infection on anti-LPS haemolysins

Geometric mean of
Group reciprocal of titres
(95% confidence interval)

Uninfected controls 1176 (227-6092)

1351 (637-2867)

14 day old 568 (62-5225)

infection
524 (60-4613)

n.s. = not significant




dissolved in 0.1 ml of BSS. A day after LPS injection 15 animals

of the 14 day old infection group and 3 of the 7 day old infection

group died. 4 and 6 days after LPS injection 5 animals of the con-

trol and 7 day old infection groups were killed and@ sera collected.

9 and 12 days after LPS injection a group of animals from each of

the 3 groups were killed and sera collected. Anti-LPS haemolysins

were measured in all sera collected and the results are presented in

Table 28.

It was noticed that there was a great variability in indi-

vidual data.

No significant difference was detected between the 7

day old infected group and the controls on either day of the assays.

However the 14 day old infected group showed significant reduction in

antibody titres on day 12 (p ¢ 0.05) but not on day 9.

Experiment 4.12

This experiment was carried out to either confirm or exclude the

immunodepressing effect of early phases of T. spiralis to LPS antigen.

45 mice were used for each phase of infection and 40 mice used as con-

trols. Adults recovered 3 days after each infection were 103 (SE 34)

and 133 (SE 42) for the 14 day old and 7 day old infections respectively.

LPS antigen was injected into all animals in the same way as in the

last experiment. Again a day after LPS injection 4 animals of the 7

day old group and 28 animals of the group infected for 14 days had died.

The rest of the animals and the controls were divided into 4 sub-groups

each and killed 4, 6, 9 and 12 days after LPS injections. Sera were

collected and anti-LPS haemolysins were measured on individual sera.

The results, Table 29, showed no significant difference between the 7

The 14 day old infection

day old infection group and the control group.

group depressed anti-LPS haemolysins on day 6 (p< 0.005) but not on days

4 and 9 after LPS injection.



Table 28 Effect of early phases of T. spiralis infection on antibody titres against LPS

Geometric mean of
reciprocal of titres
(95% confidence interval)

50 (5-520)
(318-5102)
(141-3397)
(571-2425)

(7-3799)

(581-2800)
164 (30-910)
638 (95-4293)

n.d.
14 day old 6 n.d.

infection El 400 (115-1393)
12 * 42 (1-1250)

* statistically significant
n.s. = not significant

n.d. = not done




Table 29 Effect of T. spiralis at different ages of infection on the antibody response against LPS

Geometric mean of
reciprocal of titres
(95% confidence interval)

562 (323-973)
(517-2525)

409 (95-1766)
(363-1641)

(266-2547)
7 day old 6 (105-1799)
infection 9 9 (157-1256)
(152-770)

(2-4062)
14 day old 6 4 (2-864)
infection 9 4 (96-3351)
12

* statistically significant
n.s. = not significant

n.d. = not done




Discussion

Several points can be made from experiments of this chapter

which are summarized in Table 30. T. spiralis infection depressed

the production of both haemagglutinins and haemolysins against the

T-dependent antigen, SRBC. Depression was demonstrated when the

three phases of infection were present in the host (experiment 4.1

and 4.2), and also when the infection was limited to the intestinal

phase (experiments 4.3 and 4.4). These results agree with results

obtained in the previous chapter with PFC and confirm the depression

of the immune response to the T-dependent antigen, SRBC in T. spiralis

infected mice. Thus not only were the number of lympPhocytes depressed

by T. spiralis infection, but the total amount of IgM antibody secreted

was lower.

Chimishkyan and Ovumyan (1975) have shown that T. spiralis exerts

an immunodepressive effect on the production of anti vaccinia virus

Results of this study are comparable with their results.

agglutinin.

The results also confirm the depressed antibody levels against SRBC

to T. spiralis infection shown by Faubert and Tanner (1971) and Jones

Lubiniecki et al.

et al. (1976) and against JBE (Cypess et al., 1973).

(1974b) have reported that T. spiralis infection had no effect on

anti~SRBC haemagglutinins although later Lubiniecki and Cypess (1975a)

demonstrated a depressed antibody response to JBE virus and SRBC in

T. spiralis infected animals. They showed that the immunodepression

was more on IgG antibodies. Irrespective of the contradictions

between their two papers, their data does not agree with that presented

here. However the strain of mice and helminth, dose of larvae and

route of SRBC inoculation employed here were different than those used

in their studies.




Table 30 Summary of the effect of T. spiralis infection on antibody levels (D = significant depression, n = no effect)

Number of
T. spiralis larvae
ated

Effect on antibody titres after

antigen injection
Day 4 Day 6 Day 9

Day 12

30 day old infection

Irradiated larvae

Methyridine treated
Irradiated larvae
Methyridine treated

30 day old infection

14 day old infection

7 day old infection




Antibody levels against SRBC, induced by both the intestinal

phase and full infection, was dependent on high levels of T. spiralis

infection (experiments 4.2, 4.5 and 4.6) confirming the dose dependency

of the immune unresponsiveness due to adult phase shown in the

previous chapter. However the number of PFC in mice infected for 30

days was not dependent on high level of infection. It seems probable

that light infection for 30 days had only a partial effect on the

immune response against SRBC (depressed PFC but not antibody levels).

It was observed from Experiments 4.1 - 4.6 that depressed levels

of antibodies due to T. spiralis infection were only on day 4 when IgM

antibodies predominate (Table 17). This finding is in agreement with

the depressed levels of IgM PFC demonstrated in the previous chapter.

Studying the effect of T. spiralis on the immune response to the

T-independent antigen LPS showed different results with different

phases of infection. Full infection (experiments 4.8 and 4.9) demon-

strated long term depression of anti-LPS haemolysins while 7 day old

infections (representing the intestinal phase) (experiments 4.11 and

4.12) had no effect on anti-LPS antibody levels when compared to con-

trols. However the 14 day old infection group (experiments 4.10, 4.11

and 4.12) seldom showed a significant difference when compared to

controls. The two exceptions were on days 6 and 13 in experiments 4.12

and 4.1]1 respectively. By the day of the assay the developing larvae

are in the muscle cells and, therefore, the depression deteocted on

those days may be an early expression of the effect of the muscle

phase rather than of the intestinal or migrating phase. Death of

animals with 14 day old infections prevented the use of the same

number of animals comparable to the controls and was the reason for

This made studying the con-~

cutting short the days of some assays.

sistency of results at similar days after LPS injection difficult.




However death of animals after LPS challenge may be another indication
of depressed immune status during infection with the developing phase.
Perrudet-Badoux et al. (1976 and 1977 ) showed that infection with

T. spiralis causes potentiation of IgE response which occurs at the
time of migration of larvae from the intestine to blood vessels.

Their results may be another explanation of the death of large numbers
of animals when challenging with LPS was carried out during migrating
phase of infection. Further experiments are nceded to explain this
finding.

LPS antigen selectively stimulates the secretion of 19 S (Andersson
et al., 1972). In contrast Zaunderer and Askona, 1976) have shown that
precursors to IgG, IgA and IgM secreting cells can be activated by LPS
stimulus. This contradiction makes the explanation of the results of
this study difficult regarding the effect of T. spiralis on different
classes of antibody against LPS antigen. LPS antigen does not require
T-lymphocytes to activate B cells (Moller and Michael, 1971; Andersson
et al., 1972; and Zaunderer and Askona, 1976) so that these results may
indicate that T. spiralis infection depresses the host immune response
independently of the T cell helper function.

Barriga (1975) has showed that animals infected with T. spiralis
for 7 days depressed the antibody response to the T-dependent SRBC
but not to the T-independent antigen PVP. Results presented in
experiments 4.3, 4.4, 4.11 and 4.12 are in agreement with his data.

In addition, Ljungstr8m and Huldt (1977) found that when CBA mice are

infected with T. spiralis they show depressed IgM agglutinins to SRBC

but not to PVP when injected 21 days after T. spiralis infection.
Later, Barriga (1978b) found that an extract prepared from T. spiralis

muscle larvac depressed the blastogenic response to LPS antigen. His




finding supports the results of experiment 4.8 and 4.9.

In conclusion, experiments presented in this part of the study

show that early stages of T. spiralis infection depresses the immune

response to T-dependent but not to T-independent antigens while late
stages of infection depress the immune response to both T-dependent

and T-~independent antigens SRBC and LPS.




CHAPTER 5

Effect of T. spiralis infection on macrophage activity

Introduction

Over the past few years the macrophages have been recognized as
playing an increasingly important role in both induction and expres-
sion of the immune response. Metchnikoff (1905) maintained that the
macrophage is the body's chief defence against particulate foreign
matter and many chronic infectjons. Later workers have demonstrated
that the macrophages respond to certain infections with an adaptive
increase in its defensive capacities (Suter and Ramseier, 1964).
Recently, Mackaness (1964 and 1969) has shown that the enhancement
of macrophage function during infection has an immunological basis
and involves the lymphocyte. Antibody responses to the majority of
multideterminant antigens appear to depend on interactions between at
least three functionally distinct cell types, T cells, B cells and
macrophages (Unanue, 1972)., Unlike B or T lymphocytes, the macrophage
does not by itself possess immunological specificity. It is accepted
that one way in which macrophages operate in the immune response is by
binding and processing certain antigens and mitogens and subsequently
presenting them to lymphocytes in a molecular form appropriate for
lymphocyte activation. Their function in antigen uptake, catabolism

and presentation to T and B cells in the initiation of immune responses

have been reviewed by Rosenstreich &hd 0pPenhelm (976) . Tha CeLls of the reticulo=

endothelial system (RES) are all capable of ingesting foreign material

and degrading it by means of intracellular enzymes in phago-lysosomes.




Radicactively labelled antigen injected into an animal is taken up
by macrophages, and most of the antigen undergoes rapid degradation.

T. spiralis induces depression of the immune response to the T-
dependent and T-independent antigens SRBC and LPS. It was of
interest to find out if changes in the activity of macrophages have
any contributing role in T. spiralis induced immunodepression.

Macrophage activity was studied by the clearance of 1251 PVP and

51
Cr-SRBC in animals infected with T. spiralis and controls.
Inbred Simpson mice between 8-12 weeks of age, weighing 20-30 g,
were used in this part of the study.

Effect of T. spiralis infection on the clearance of 1251 poly

vinyl pyrolidone from the blood as an indication of macrophage

activity

The rate constant (K PVP) of the exponential decay in blood radio-
activity between 18 and 48 hours after i.v. injection of 30-80 pg of
125! labelled polyvinyl pyrolidone (PVP) in mice is a good indicator
of the phagocytic activity of macrophages (Morgan and Soothill, 1975b).
The test has some advantages over conventional tests of in vivo phago-
cytosis such as the clearance of colloidal carbon or aggregated
proteins. It is simple and accurate, the dose to be used is not
critical and is well below that which would lead to interference with
macrophage activity. Blood radicactivity following the injection of
75 ug lzsl-labollod PVP into the tail vein falls rapidly in the first

few hours after injection, but after about 8 hours there is a slower,

exponential fall due to the phagocytic activity of macrophages. The

rapid phase of loss of radiocactivity probably results both from




diffusion of PVP into the extravascular fluid and also from loss
of PVP into the urine (Morgan and Soothill, 1975b).

1251-1abelled PVP (Radiochemical Centre, Amersham, Bucks.,
specific activity 41 uCi per mg) with a stated average molecular
weight of 30-40,000 was used. It was diluted with normal saline to
obtain the required dose of 25-50 ug for injection. Blood samples
were collected from the retro-orbital venous plexus and whole blood
radiocactivity counted in 1280 ultrogamma counter.

A preliminary experiment was conducted to study the effect of

number of blood samples on the exponential phase of 1251 PVP clearance.

5 mice were injected in the tail vein with 1 ucCi of 1251 PVP (25-50
Hg) each. 50 uf blood samples were collected from the retro-orbital

sinus 18, 25, 40 and 48 hours after injection and radiocactivity was

measured. Decay constant (K PVP h-l) was calculated as follows:

Natural log of sample (A) - Natural log of sample (B)
Hours after 4451 PVP injection (B-A)

Fig. 31 shows that the fall of blood radiocactivity was consistently
exponential as judged by a straight regression line graph. There is,
therefore, no obvious advantage in using more than 2 points (Table 31)
and subsequent studies are therefore based on 2 blood samples taken 18
and 48 hours after 1251 PVP injection. This is in agreement with the
results of Morgan and Soothill (1975b).

A second, preliminary, experiment was designed to study the effect
of sex differences in Simpson mice on 1251 PVP clearance since it was
not easy to provide the same sex for each experiment.

9 male and 9 female Simpson mice of the same age were used in this
experiment. Each mouse was injected with 1 pci (25-50 ugm) of 125! PVP
into the tail vein. 18 and 48 hours after injection 50 uf of blood

was collected from the retro-orbital sinus and the amount of radiocactivity




Table 31
L
Effect of number of blood samples (n) used to calculate Klz)l

pvp h 1

1

Mean X PVP h™Y + SE| X PVP h™

(n = 4) (n=2)

0.0238 0.0050 0.0294
0.0309 0.0051 0.0347
0.0343 0.0062 0.0337
0.0408 0.0040 0.0406

0.0268 0.0072 0.0292

0.0313 + 0.0000 0.0335
+ 0.0000

-
statistically significant




Fig.31 :Blood radioactivity at different times after '25I PVP injection
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per sample per minute was measured in cach. Results are shown in

Table 32 and Fig. 32. There were no significant differences in K PVP
-1

h between the two groups indicating that both sexes clear 1251 PVP

at the same speed.

Experiment 5.1

The aim of this experiment was to study the effect of different
ages of T. spiralis infection on macrophage activity.

35 Simpson mice were infected with 400 T. spiralis larvae, and 35
kept as an uninfected control. 1, 2, 3, 4, 6 and 8 weeks after
infection, 6 infected and 6 uninfected mice were injected with 1 uci
of 1251 PVP (25-50 ug) into the tail vein. 18 and 48 hours later mice
were bled (50 ul) and radicactivity per minute was measured. 118,200

(SE 34,200) larvae were counted in the muscles of 5 infected animals.

Results show that mice with a one week old T. spiralis infection (i.e.

intestinal phase) clear 125! PVP significantly faster than controls

(p € 0.005). There were no significant differences in PVP clearance
between the other stages of infection and the control groups (Tables

33-38 and Figs. 33-38).

Experiment 5.2

This experiment was carried out on the same basis as 5.1 to con-
firm the effect of 1 and 2 weeks 0ld T. spiralis infection. 21 male
Simpson mice were infected with 400 T. spiralis larvae and 16 were
used as a control group. 191 (SE 5) adults were counted in the
intestines of 5 infected mice. 7 and 14 days after infection 8 mice
of each group received 1251 PVP (25-50 ug) i.v. each and 50 ul of

blood was collected from the retro-orbital sinus 18 and 48 hours later.




Table 32

125

Effect of sex on I PVP clearance

Count/50 puf/min after
125
I PVP injection

18 h 48 h

*

K

pvp ht

O O N O U A Ww N

3819 1916
2932 1400
3983 1617
2927 1155
4884 1722
3el4 1312
4042 1358
2501 754
5000 1216

0.
0.
O
0.
0.
0.
0.
0.
0.

0230
0246
0300
0310
0348
0356
0364
0400
0471

3767 1383
286 114

0.
0.

0336
0025

Females
OV ®© N OO0 N A w N

4028 2203
3885 1804
3227 1328
5428 2214
4210 1580
3984 1425
3049 1028
3611 1091
3689 882

0.
0.
0.
0.
0.
0.
0.
0.
0.

0201
0220
0296
0300
0327
0343
0362
0399
0477

Mean

+ SE

3901 1506
228 163

0.
0.

0325
0028

*s x PVP h L

= rate constant of exponential fall of

* gtatistically significant

1251 PVP/hour.




Table 33

Effect of T. spiralis infection on

a)

1 week after infection

125

I PVP clearance

125

Count /50 puf/min after
I PVP injection

18 h

48 h

Control

2203
1804
1916
1400
1028

754

0.0201

0.0220

0.0230

0.0246

0.0362

0.0400

1518
227

0.0277
0.0000

1816
1004
1243

515
1438

1104

0.0373
0.0399
0.0402
0.0410
0.0423

0.0449

1187
178

0.0409
0.0010

ee x pvp h !

]

statistically significant

125

= rate constant of exponential fall of

I PVP/hour.




Table 34

Effect of T. spiralis on 1251 PVP clearance

b) 2 weeks after infection

Count/50 pw€/min after

125
I PVP injection

ig h 48 h

3227 1328 0.0296
3983 1617 0.0300

2927 1155 0.0310

Cont:xrol

4210 1580 0.0327
3984 1425 0.0343

3814 1312 0.0356

3691 1403 0.0322
204 72 0.0091

3695 0.0297
3692 0.0318
4017 0.0380
3423 0.0394
3043 0.0482

2289 0.0304

3360 0.0379
252 0.0000

*e X PVP h-l = rate constant of exponential fall of PVP/hOur.

* gtatistically significant




Fig. 33.Effect of 1 week T.spiralis on ‘25|PVP clearance
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Table 35

Effect of T. spiralis on 1251 PVP clearance

c) 3 weeks after infection

Counts/S0 pl/min after

128
I PVP injection

18 h 48 h

5428 2214 0.0300
4884 1722 0.0348
4042 1358 0.0364
3611 1091 0.0399
5000 1216 0.0471

3689 882 0.0477

4442 1414 0.0393
311 197 0.0029

5427 2096 0.0317
5014 1785 0.0344
5289 1871 0.0346
3969 1190 0.0401
4334 1282 0.0406

2088 621 0.0409

4354 1474 0.0371
508 223 0.0016

1251 PVP /hour.

** X PVP h™' = rate constant of exponential fall of

* gtatistically significant




Table 36

Effect of T. spiralis on 2

d) 4 weeks after infection

I PVP clearance

Group

25
Mouse 1

Counts/50 pl/min after
I PVP injection

K PVP h~

18 h

48 h

6496
4025
3 4688
3928
4063

4088

3354
1864
1907
1435
1395

1377

0.0220

0.0257
0.0300

0.0336

0.0356

0.0363

4548
405

1889
309

0.0305
0.0000

4051
3482
4635
4 3239
3583

3719

1814
1425
1844
1262
1306

1030

0.0268
0.0298
0.0307
0.0314
0.0336

0.0428

3785
202

1447
132

0.0325
0.0022

* gstatistically significant

** X PVP h™

1l

125

= rate constant of exponential fall of

I PVP/hour.



Fig.35 :Effect of 3 weeks T.spiralis on 125I PVP clearance
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Table 37

Effect of T. spiralis on 1251 PVP clearance

e) 6 weeks after infection

Counts/ 50 wl/min after

125
I PVP injection

18 h 48 h

1747 0.0258
1266 0.0280

1614 0.0282

Control

1551 0.0316
1391 0.0340

1154 0.0435

1454 0.0319

91 0.0026

0.0001
-0.0083
0.0295

0.0420

Infected

0.0440

0.0443

Mean 0.0400
+ SE 0.0261

*%* K PVP h-1 = rate constant of exponential fall of 125! PVP/hour.

* gtatistically significant




Table 38

125

Effect of T. spiralis on I PVP clearance

f) 8 weeks after infection

Count
125

8/50 ul/min after
I PVP injection

18 h

48 h

Control

1387
1796
1941
1628

1315

0.0259
0.0271
0.0286
0.0304

0.0306

0.0285
0.0008

0.0256
0.0289
0.0313
0.0390

0.0435

+ SE

2591
212

68

0.0337
0.0033

** X PVP h-1 = rate constant of exponential fall of

* statistically significant

1251 PVP/hour.




125

Fig. 37: Effect of 6 weeks T.spiralis on | PVP clearance
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180

Radioactivity/min. are recorded in Tables 39 and 40 and Fig. 39
125
and 40. I PVP clearance in 7 day old infection group was signi-
ficantly faster than the control group (p<¢ 0.0005) measured by
-1
(K PVP h 7). There were no significant differences between 14 day
old infection group and the control group.
This confirms that the intestinal stage of T. spiralis infection
activates the macrophages so that they clear 1251 PVP from the cir-

culation more rapidly.

b) Effect of T. spiralis infection on the clearance of Slcr labelled

SRBC

Study at this stage was directed towards determining the effect

of T. spiralis infection on SICr—SRBC clearance from the blood.

Labellina of SRBC with ~icr:

SBRBC in Alsever's solution were washed three times in PBS (pH 7.2).
After the last wash a 10% suspension of SRBEC was made in PBS. 1 ml of
s:l'C:: (Na Chromate in aqueocus solution obtained from Radiochemical Centre,
Amersham, specific activity 1.04 mCi/8.4 ug/ml) was added to the SRBC
suspension and incubated at 37°C for 45-90 minutes. The SRBC were then
washed 4 times in PBS and finally a 10s suspension in PBS was made

(0.25 ml contained 109 nc:-snnc) 5

Experiment 5.3

This experiment was designed to test the effect of full infection

and intestinal phase of T. spiralis infection on the clearance of nc:




Table 39

Effect of T. spiralis on 1251 PVP clearance

1 week after infection

Counts/S0 pf/min after

1251 PVP injection

18 h 48 h

1991 875 0.0274
3057 1219 0.0306
2590 997 0.0318
2205 840 0.0322
2610 977 0.0328
2206 1000 0.0332
2616 959 0.0335
2911 974 0.0365

@ N O bW N

2523 980 0.0323
130 40 0.0009

2675 0.0328
2343 0.0391
2753 0.0392
3290 0.0415
2696 0.0495
4167 0.0502
2342 0.0502
2661 0.0594

M 9 00 0 b W N+

2866 0.0453
213 0.0030

- 1
** X PVP h LE rate constant of exponential fall of 251 PVP /hour.

* gtatistically significant




Table 40

Effect of T. spiralis on 1251 PVP clearance

2 weeks after infection

Counts/50 puf/min after

128
I PVP injection

18 h 48 h

2820 1511 0.0208
3005 1328 0.0272
3960 1675 0.0287
2640 1064 0.0303
2777 1112 0.0305
4474 1775 0.0308
3657 1325 0.0338
3470 1025 0.0407

W N 0O b w N+

3350 1352 0.0304
231 100 0.0020

3253 1704 0.0216
5327 2444 0.0260
2422 862 0.0344
3652 1153 0.0384
3729 1127 0.0399
3572 1027 0.0416
2880 752 0.0447

Infected

3548 1296 0.0352
+ SE 345 223 0.003

5! PVP/hour.

e x pvP h™} = rate constant of exponential fall of iz

* gtatistically significant
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Fig.39 :Effect of 1 week T,spiralis on 5] PVP clearance
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labelled SRBC.

26 mice were used in this experiment. 7 mice were infected with

400 T. spiralis larvae and left in the host for 30 days. 33,500 (SE

12,900) larvae were recovered from the muscles of 5 of them at the

end of the experiment. A second group of 12 mice was infected with

similar batch of T. spiralis larvae and left in the host for 7 days.

Adults counted in the intestines of 5 mice were 396 (SE 136). After

the appropriate time of infection, the infected animals and 7

uninfected controls were challenged with 109 51C: labelled SRBC into

One, 18, 21, 40, 48 hours

the tail vein each, all on the same day.

51C:-SRBC injection 50 uf blood samples

and every day for 6 days after

The

were obtained from the retro-orbital venous plexus of each mouse.

radiocactivity of the bloocd samples was measured in a gamma counter.

Mean radiocactivity in blood samples/min. are presented in Table 41

and Fig. 41 and 42 and show that the group infected for 7 days had

higher counts 1 hour after SICz-SRac injection followéd by a significant

reduction in the counts from 18 hours onwards after 51Cr-SRBC inocu~-

There were no significant differences

lation compared to controls.

between the counts of blood samples taken from mice infected for 30

days and from uninfected controls, except at day 5 where radicactivity

was higher in infected animals (p « 0.0l1).

Experiment 5.4

This experiment aimed to study the effect of late intestinal and

51Cr-SRBc clearance from

early muscle phase of T. spiralis infection on

the blood.

12 animals were infected with 400 T. spiralis larvae. 5 animals

were killed 3 days post infoction and 141 (SE 14) adults counted in



™ mable 41 Effect of full infection and intestinal phase of T. spiralis infection on sx&-mc clearance

Mean radioactivity/50 pl/min. after 51&-8!3(: injection + SE, p value

1 hour 18 hour 21 hour 40 hour 48 hour 3 days 4 days 5 days

30 day old infection 960 271 245 112 51 “
+ 159 + 28 + 20 + 10 +2 +2

ns ns ns ns <0.01 ns

7 day old infection 7972 72 63 47 4 3
+ 1672 +4 +3 +1 +2 +1 +1 +1
<0.0005 «0.0005 <0.0005 <0.0005 <0.0005 ¢0.0005 «0.0005

+ 319 + 2 +2

Uninfected controls 1432 285 42 42
2

ns = not significant (p > 0.05)




Figure 41,
Effect of 7 day old T,spiralis infection
on 5]Cr - SRBC clearance
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Figure 42,
Effect of 30 day old T.spiralis infection

on 5'Cr - SRBC clearance
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their intestines. 14 days later, each of the remaining infected
animals and 6 uninfected animals were injected with 109 51Cr-SRBC
into the tail vein. 50 uf of blood were collected from the retro-
orbital sinus and radicactivity measured 18, 21, 40 and 48 hours and
then every day for 6 days after 51Cr-SRBC injection. Results of

blood radiocactivity counts (Table 42 and Fig. 43) showed no significant

difference between the infected and the control group.

Experiment 5.5

This experiment was carried out to study the effect of different
ages of T. spiralis infection. Also the infection level was increased
in this experiment to find out if higher levels of infection may be
needed to activate macrophages. 45 mice were divided into five groups
and were treated as follows before injecting 51Cr-SRBc.

Group 1 : 10 animals infected with 600 T. spiralis larvae for 30 days.
598 (SE 60) adult worms were found in 5 animals killed 3 days after
infection. Group 2 : 10 animals were infected for 14 days with 600

T. spiralis larvae. 247 (SE 23) adults were counted in 5 mice 3 days
post infection. Group 3 : 10 animals were infected with 600 T. spiralis
larvae for 11 days. 207 (SE 28) adults were found in the intestines in
S mice 3 days after infection. Group 4 : 600 T. spiralis larvae were
inoculated into 10 mice, left in the host for 7 days. Mean adult count
in 5 mice was 269 (SE 69) 3 days after infection. Group 5 1 5 animals
were left as uninfected controls.

The experiment was arranged for all the animals to be injected
with 51Cz-snac on the same day and S0 ul blood samples were collected

and radicactivity measured 18 and 24 hours and then every day for 6

days post 51Cz-SRBC injection. Blood counts (Table 43 and Fig. 44-47)




Table 42 Effect of a 14 day old T. spiralis infection on 51&-snc clearance

Mean radiocactivity/50 ul/min. after 51&-::::: injection + SE, p value

BiC  Jomour 21hour 4O hour 48hour 3Jdays 4ddays Sdays 6 days

305 142 128
+ 62 + 24 +19

Uninfected controls

ns = not significant (p > 0.05)




Figure 43,
Effect of 14 day old T.spiralis infection
on SICr - SRBC clearance
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Table 43 Effect of different ages of T. spiralis infection on 51Cx-sm!(: clearance

Mean radiocactivity/50 ul/min. after 51c:-snc injection # SE, p value

18 hour 24 hour 2 days 3 days 4 days 5 days 6 days

30 day old infection 154 119 67 41 39 36 M
+11 % 9 +5 +2 +1 +1 +1
¢0.0005 ¢ 0.0005 <0.0025 <0.0025 <0.005 <0.0125 <0.05

14 day old infection 150 104 65 42 37 35 35
+ 10 +10 +5 +3 +2 +2 +2
<0.0005 <0.0005 <0.0025 €0.0025 <0.0025 <0.0125 ¢0.05

11 day old infection 165 106 65 44 37 34 33
+25 + 6 +5 +3 +3 +3 +2

<0.005 <0.000s <0.0025 «0.0025 «0.025 <0.025

7 day old infection 185 144 72 48 37 31
+6 +3 +4 +3 + +1 +2
<0.0025 <0.0025 <0.0025 <0.005

Uninfected controls 282 221 95 62
+21 + 18 +5 +3

-




Figure 44.
Effect of 7 day old I.spiralis infection
on 5]Cr = SRBC clearance
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Figure 45,
Effect of 11 day old T.spiralis infection

on Cr - SRBC clearance
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Figure 46.
Effect of 14 duy old T.spiralis infection
on 5‘Cr - SRBC clearance
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Figure 47.
Effect of 30 day old T.spiralis infection
on 5‘Cr - SRBC clearance
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show significant reduction in all infected animals at all times when

blood samples were taken and compared to similar controls.

Discussion

By inspection of results of the experiments 5.1 and 5.2 it was
found that the rate of 1251 PVP clearance was significantly increased |
in animals infected for one week (when the intestinal phase of I
infection is predominating) compared to the uninfected controls. This
suggests that the intestinal phase of T. spiralis infection stimulates
macrophage activity. This activation of macrophages was not detected
in animals which had been infected with T. spiralis for 2, 3, 4, 6 or
8 weeks (experiment 5.1 and 5.2).

Results of 51Cr—SRBc clearance test demonstrated that mice infected

with T. spiralis for 7 days cleared 51Cr—SRBC significantly faster than
the controls (experiment 5.3 and 5.5). Animals infected with T. spiralis
for 14 days and 30 days showed inconsistent results. While there was

no significant difference in sxc:-snsc clearance between animals
infected with T. spiralis for 14 or 30 days and the uninfected controls
(experiment S.4 and 5.3 respectively), the same groups showed significant
fast clearance at all blood samples in experiment 5.5. The level of
infection in experiment 5.5 was higher (600 larvae) which suggests that
14 and 30 day old infection can activate macrophages but only when the
level of infection is high. This part of the study, therefore, shows -
clearly that the intestinal phase of T. spiralis infection in mice

activates the macrophage function. Activation was demonstrated by fast

clearance of 1251 PVP and SICZ-SRBC. Later stages of infection showed
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activation of macrophages only when the infection was high
(experiment 5.5).

Tanner (1968) has reported a direct relationship between the
number of T. spiralis muscle larvae and the level of anti T. spiralis
antibodies in the serum. Therefore, it seems likely that high levels
of infection lead to increased production of antibodies which may
form antigen-antibody complexes which facilitate macrophage activation.
This suggestion may be supported by the work of Perrudet-Badoux and
Binaghi (1977 ) who reported that peritoneal cells from animals
infected with T. spiralis adhere firmly to T. spiralis larvae only in
presence of serum containing anti-trichinella antibodies.

Macrophage activation in T. spiralis infected animals has been
suggested. Meerovitch and Bomford (1977) showed that macrophages from
mice infected with T. spiralis were strongly cytostatic to leuckaemia
cell DNA synthesis as early as 6 days following infection.

Also T. spiralis infection inhibits a superimposed infection with

Trypanosoma equiperdum and T. lewisi in rats (Meerovitch and Ackerman,

1974) , and Listeria monocytogenes in mice (Cypess et al., 1974a). l

T. spiralis also increases the length of incubation period in mice and
survival time of the host following a subsequent administration of

sarcoma 180 ascitis cells (Lubiniecki and Cypess, 1975b). Results

presented here are in agreement with their data.
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CHAPTER 6

Effect of T, spiralis on antibody catabolism

Introduction

This study was initiated to determine if the catabolism of IgM
was increased in mice infected with T. spiralis, as this could con-
tribute to the observed depression of circulating antibody levels
against SRBC.

The principle of this experiment was to compare the rate of dis-
appearance of passively transferred 1251 macroglobulins in a group of
normal mice and in groups of mice infected with T. spiralis of dif-
ferent ages. Macroglobulins,which were IgM, e<2 macroglobulins and
some lipoproteins, were used in this study since it is difficult to

prepare pure IgM.

Preparation of macroglobulins:

20 normal mice were exsanguinated and their sera collected and
pooled. The collected serum was centrifuged at 1000 g to remove any
sediment. The top layer of the serum containing the lipidswas dis-
carded. 7 ml of the clear serum was fractionated by gel filtration
on G-200 Sephadex which excludes proteins over 800,000 molecular weight
and so is extremely useful for the isclation of macroglobulins. The
flow rate in the column was adjusted to 18 ml h-l. Figure 48. shows
the elution profile of serum proteins. The proteins eluted with
phosphate buffered saline pH 6.8 prepared as equal volumes of Nazupo‘

(0.01M) and NaH,Po, (0.01M). The fractions which contained the first

peak (containing the macroglobulins) wero pooled and precipitated with




percentage transmission at 280 nm

Figure 48.
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an equal volume of saturated ammonium sulphate solution. The pre-
cipitate was dissolved in a minimum amount of PBS. The resultant
solution was centrifuged and the precipitate discarded. The dissolved
protein was dialysed against 5 litres of PBS twice overnight. The
protein content of the solution measured by determining the absorbence
at 280 nm using a UV Spectrophotometer was 2.4 mg ml-l. once the
macroglobulins had been prepared they were radiolabelled with 1251-
lactoperoxidase by the method of David (1972).

Radiolabelling has been used to detect or quantitate many protein
and peptide preparations in as small as picogram quantities. Many
chemical iodination methods have been used such as chloramine-T, iodine
monochloride and electrolytic iodination. These methods had some dis-
advantages such as the presence of high concentrations of strong
oxidising agents which can cause alterations in protein structure and
activity due to non-specific side reactions (McConahey and Dixon, 1966;
Hunter, 1970; Jornval and Zeppezauer, 1972), or can lead to low
efficiency of iodine incorporation (Zappacosta and Rossi, 1967).
Recently enzymatic methods of iodination, such as the lactoperoxidase
method, have been reported and these are more sensitive and yileld products
with high specific activity. However, this method has some disadvantages,
such as the incorporation of radioiodine into the enzyme itself and the
introduction of contaminanty into the iodination reaction mixture.

More recently, David (1972) described a new method of radioiodine
labelling, by coupling the lactoperoxidase enzyme to cCyanogen bromide
(CNBr) —activated sepharcse-4B which helps the iodination of protein
without the introduction of contaminants. This technique has the
advantage of baing capable of iodinating a wide range of proteins

using different iodine and KI concentrations, temperature, and pH

conditions. The sepharose-bound enzyme can readily be removed by
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centrifugation.

Lactoperoxidase-linked CNBr sepharose 4B was prepared as follows:
0.5 g CNBr activated sepharose 4B (Pharmacia Fine Chemicals) was washed
5 times in a total volume of 100 ml HC)1 (0.001 M) the sepharose was
swollen and formed 1.5 ml of sediment. The sepharose was suspended
in 10 ml bicarbonate buffer (0.1 M, pH 8.3 contained 0.5 M NaCl) then
left to settle. 1 ml of the settled beeds was added to lactoperoxidase
(prepared as 2.3 mg in 0.46 ml bicarbonate buffer). 0.54 ml bicarbonate
buffer was added to the whole suspension to make a total of 2 ml. The
suspension was mixed by rotation at 4°c overnight. The sepharose was
then washed thoroughly with 0.01 M phosphate buffer pH 7.5 containing
0.2 glycine at 4°c for 4 hours for the glycine to block any unoccupied
sites on the sepharose. The prepared sepharose beeds were washed in
PBS pH 7.4 and stored in PBS containing 10-5 M merthiolate at 4°C.
Sepharose-bound lactoperoxidase in the buffer is stable over long
periods of time at <°c.

Jodination was carried out at room temperature as follows:
250 pf of the suspension which contained 60 ug of lactoperoxidase
linked CNBr-activated sepharose 4B (LP-4B) was washed in PBS. 5 ml
of the protein solution in PBS was added to the LP-4B (50 ul of LP-4B
for each 1 ml protein solution containing 1-10 mg protein). 10 wl

of IO-JM KI nl.1 was added to give a final concentration of 10-5 M KI.

100 pci 1251 NaCl for each 10 mg protein was added to the protein
solution under the protective sterile hood. The reaction was initiated
by the addition of 10 uf 0.03% H,0, per ml protein solution. The
labelled solution was incubated at room temperature for 10-15 minutes

under continuous agitation, then the LP-4B was spun out. The labelled

protein was dialysed against 5 litres of PBS twice overnight at 4°c

to remove the free iodine. To check for the absence of free iodine
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5 ul of 1251 labelled protein solution was added to 95 uf PBS +

100 pf of 20% Trichloroacetic acid (1CA) then incubated for 30

minutes at 4°c. 100 ul of the supernatant was separated and counted

in an auto gamma counter. The rest of the supernatant and precipi-
tated protein was counted separately and the percentage of radio-
activity in the precipitate was calculated. If it was less than 95%,
then the solution was dialysed and checked again. To check for protein

1251 protein solution was added to 195 uf PBS and

aggregation 5 uf of
incubated for 30 minutes at 4°C, then centrifuged and radiocactivity

in the 100 uf of the supernatant was counted separately from the rest
of the supernatant plus the precipitate. The percent of radioactivity

in the precipitate should be less than 10%.

Experiment 6.1

This experiment was designed to assess the effect of T. spiralis
infection on the rate of catabolism of IgM. 55 Simpson mice were
divided into 4 groups. The first three groups of 15 mice each were
infected with 400 T. spiralis larvae per mouse for 7, 14 and 30 days.
The fourth group of 10 mice was left as an uninfected control. 5 mice
of each of the infected groups were autopsied 3 days post infection
and 209 (SE 45), 227 (SE 27) and 228 (SE 17) adult worms recovered
respectively. 0.1l ml of the prepared 1251 labelled macroglobulins
was injected into the tail vein of each mouse of the experiment on
the same day. 50 pul of blood was taken from the retro-orbital sinus
of each mouse and radicactivity measured in a gamma counter 24 hours
after injection then every day for 9 days. Radioactivity of the blood

was expressed as the percentage of the original activity measured 24

hours after inoculation (Fig. 49-51). The mean counts are presented




Figure 49.
Effect of a 7 day old T, spiralis infection
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Figure 50.
Effect of a 14 day old L.spiralis infection

25
1 macroglobulin clearance

~®=— Uninfected

—O0— |nfected

2 4 s B 10
Days after ‘251 macroglobulin injection




Figure 51.
Effect of a 30 day old T,spiralis infection

on 1251 macroglobulin clearance

—@— Uninfected

ivity
g

precent rodi

2 4 6 [ 10
Days ofter ‘251 macroglobulin injection




in Table 44. A consistent significant decrease in blood radio-
activity was noticed in the 3 groups of infected animals when com-
pared to controls at all days starting from day 2. These findings
indicate increased catabolism of macroglobulins in T. spiralis
infected animals. T % in the control mice was 3.3 Qays and in mice
with 7, 14 and 30 day o0ld T. spiralis infections the T 4 was 2.9,

1.9, 2.5 days respectively.

Discussion

The results obtained in experiment 6.1 demonstrated increased
catabolism of passively transferred macroglobulins in T. spiralis
infected animals. The fact that the 3 ages of infection studied (7,

14 and 30 day old) showed the same effect suggests that the 3 phases
of T. spiralis infection, either separately or conjointly, are res-
ponsible for the increased catabolism of the transfexrred macroglobulins

The normal result of any antigenic stimulation is the synthesis
of immunoglobulins and this occurs after T. spiralis infection.
Differential elevation of the different antibody classes can be
ohserved in parasitic infections. It has been reported that anti-

T. spiralis antibodies of IgM and IgA classes were found in high titres
for comparatively long periods (LjungstrSm, 1974). Also an increase in
IgM-containing cells was found in mesenteric lymph nodes of mice
infected with T. spiralis (ljungstr®m and Ruitenberg, 1976) .

The decrease in the half life of macroglcbulins observed in
experiment 6.1 and the increased IgM levels in T. spiralis reported

by Ljungstr¥m (1974) suggests that elevated IgM levels may be a major

cause of increased IgM catabolism in T. spiralis infected animals.
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Table 44

Catabolism of 1251 macroglobulins in blood of normal mice and mice infected with T. spiralis

Mean

125

I counts lin.-l after injection of

125

+ SE and p value

I macroglobulin

Day 2

Day 3

Day 4

Day 5

Day 6

Day 7

Day ©

7 day old infection

1451
+ 149
«0.01

959
+ 135
<0.005

574
+ 90
<0.0005

373
+ 60
<0.0005

305
+ 62
<0.0005

250
+ 57
<0.0005

230

14 day old infection

1400
+ 58

<0.0005

991
+ 59
<0.0025

649
+ 37
<0.0005

an
+133
<0.00uS

372
+53
<0.0C25

74
+ 27
«0.0005

30 day old infection

1520
+ 119
<0.01

1071
+ 109
<0.01

835
+ 98
<0.025

60u
+ 56

472
+ 48
<0.0005

382
+ 46
<0.0005

Uninfected controls

1870
+ 55

1433
+ B8

1107
+ 58

782
+51

691
+ 49

rn.s. = not significant (p > 0.05)




Increased catabolism would result in lower circulating IgM antibody
levels to heterologous antigens in T. spiralis infected animals even
if they were synthesizing antibody at the same rate as uninfected
mice. Similar effects were reported in H. polygyrus infection (Brown

et al., 1976). They showed that increased IgG levels due to

H. polygyrus infection are a major cause of increased 1gG, catabolism

in mice infected with H. polygyrus. This increased IgG catabolism

resulted in lower circulating IgG antibody levels in infected animals.
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CHAPTER 7 ]

Effect of 1.spiralis infection on_the affinity of

antibodv for Human serum albumin (HSA).

Introduction

The term antibody affinity refers to the strength of interaction
between an antigenic determinant and the homologous antibody binding
site. Thus a high affinity antibody is one which forms a strong bond
with an antigenic determinant to give an antibody-antigen complex
with low tendency to dissociate.Low affinity antibodies, conversely
form weak bonds which easily dissociate. T. spiralis infection in

mice depressed PFC responses to SRBC, antibody levels to SREC and LPS

antigens and increased macrophage activity and in this chapter the

affinity of the antibody produced was studied.

Measurement of antibody affinity: ‘

Bascially, the measurement of antibody affinity depends upon the

determination of free and antibody-bound antigen at equilibrium

(Steward, 1974) and requires the separation of free and bound antigen.

|

Because of antibody heterogeneity, determination of antibody affinity
is carried out over a range of antigen concentrations.

Among the methods for determining antibody affinity, ammonium

sulphate precipitation has been used extensively to determine the

amount of antibody to certain antigens, affinity of anti-hapten anti-

bodies and relative affinity of anti-protein antibodies. This method

has the advantage that it does not need prior purification of antibody

so that whole serum can be used as a source of antibody, also only




small volumes of serum are required and several samples may be

conveniently analysed at a time. However in systems other than those
involving hapten antigens, the application of this method is limited

to antigens which are soluble in 50% saturated ammonium sulphate.

Method:

Human serum albumin (HSA) (Miles Laboratories) was labelled by

125
5I lactoperoxidase method (David, 1972) as described in Chapter 6.

125
Radiolabelled HSA ( I HSA), at a range of 2.5 - 25 ug antigen

concentration in 40 pul PBS (pH 7.2) contained 1 ul of 1:10 Na22 was

added to each 10 tubes (Hawksley Microfuge tubes, capacity 400 uf).

Ten pf of antiserum was added to each tube, gently mixed and incubated

at 4°c for 1 hour. 50 pl of saturated ammonium sulphate (SAS) was then
added to each tube, gently mixed and left at 4°c for 30 minutes.
Following incubation, the tubes were spun for 5 minutes at 4cina

2/3 of the supernatant was taken off and the rest

Beckman Microfuge.
of the supernatant plus the precipitate were then counted in auto

Total radioactivity of each antigen concentration

gamma counter.

without serum was also counted, so that the percentage of the added

radicactivity which is globulin bound was determined. In order to
correct for non-specific binding of antigen to ammonium sulphate
precipitable globulin at each antigen concentration, negative sera

Free antigen and bound antigen were then

were included in the assay.
calculated from the data from the gamma counter using a computer
programme written in Fortran.
The quantitative relationship of interaction betwsen antibody

and antigen at equilibrium is represented as follows:




211.

k
Ab+Aq _.._..L_I. l\bAg b

kd

where Ab represents free antibody, Ag = frce antigen, Ab Ag = the
antibody-antigen complex, ka and kd = the association and dissociation
constants respectively.

The equilibrium constant k, or affinity of anti antigen antibody
can be determined by measuring the free and antibody bound antigens
at equilibrium over a range of concentrations. Fig. 52 shows Langmuir
plot of ideal antibody-antigen binding.

The plot of 1/b (bound antigen) versus 1/c (free Ag) allows both
affinity K and antibody sites Abt to be determined, according to the

following equation:

1/b = l/Abt x 1l/c x 1/K + 1/Abt

where Abt = antibody binding sites, ¢ = free antigen concentration.
when l/c = O (in the case of extreme antigen excess) then 1/b = 1/Abt
thus Abt may be determined by extrapolation to 1l/c = O.

Affinity K = 1/c vhen half the total Ab sites (Abt) are bound.
Antibody affinity is therefore expressed as the equilibrium constant K,

with units of litres/mole.

Experiment 7.1

9 Simpson mice were infected with 400 T. spiralis larvae each.
An immunization protocol with HSA was started 7 and 14 days after
infection on infected and a comparative number of normal animals.
HSA immunization was carried out as i.p. injection of 1 mg HSA in
saline weekly for 4 weeks. Infected and normal mice were exsanguinated

on day 14 after the end of immunization and the affinity of their

antibody dotermined. At the end of the experiment, 5 infected mice




Figure 52 :
Langmuir plot of ideai antibody-antigen binding.
Bound antigen (b) , Free antigen (c) , Antibody-

valence (n) and Affinity (K) .

1

Intercept =




were digested and a mean of 150,400 (SE 26,100) larvae obtained.
The affinity of antibody (Table 45 and 46 and Fig. 53 and 54) from
infected animals were higher than that from the controls (p< 0.025
and p < 0.0005) for the group infected for 7 days and 14 days

respectively.

Experiment 7.2

This experiment was essentially a repeat of experiment 7.1, with

the inclusion of a third group of animals infected for 28 days. Groups
of animals were infected on separate days with 400 T. spiralis larvae

each.

The number of muscle larvae obtained 35 days later was 176,800

(SE 11,400), 1274 (SE 109), and 120,500 (SE 33,176) respectively from

animals immunized 7, 14 and 28 Adays after infection. The results of
this experiment (Table 47 and Fig. 55) showed increased affinity of
antibody in the three groups of T. spiralis infected animals when

compared to controls confirming the results of experiment 7.1.

Discussion

Antibody affinity for HSA antigen (experiments 7.1 and 7.2) was
found to be higher in mice infected with different ages of T. spiralis
infection. It seems likely that T. spiralis infection leads to

alterations of the population of immunologically competent cells
favouring the selection by antigen of B cells with high affinity
receptors.

Changes in either quantity or quality (affinity) of antibody, or

both, may occur in response to inoculation of foreign agents. For



Table 45

Effect of a 7 day 0ld T. spiralis infection on affinity of

antibody for HSA antigen

Affinity of antibody
(litres per mole) x 10

7 day old infection b 1.80

Mean, SE and p value

Uninfected controls

and SE

Mean,




Figure 53.

Effect of 7 day old T,spiralis infection
on the affinity of antibody for HSA
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Table 46

Effect of a 14 day old T. spiralis infection on affinity of

antibody for HSA antigen

Group Affinity of antibody

{litres per mole) x 10

14 day old infection 1l 2.50

2.90

3.00

3.50

4.00

4.15

Mean, SE and p value

Uninfected controls

Mean and SE




Figure 54.

Effect of 14 day old T.spiralis infection
on the affinity of antibody for HSA

Affinity of antibody for HSA (Litres per mole) x 10°




Table 47
Effect of different ages of T. spiralis infection on affinity

of antibody for HSA antigen

Affinity of antibody for HSA (litres per mole) x 106

7 day old
infection

14 day olad
infection

28 day olad
infection

Uninfected
controls

2.60
3.45
3.75
5.5

6.5

0.47
0.85

1.30

1.52

0.17
0.37

0.55

4.36
0.71
£ 0.0005

2.64
0.43
< 0.0005




Table 47

of antibody for HSA antigen

Effect of different ages of T. spiralis infection on affinity

Affinity of antibody for HSA (litres per mole) x 106

no.

7 day old
infection

14 day old
infection

28 day old
infection

Uninfected
controls

2.60
3.45

3.75

0.47

1.52
1.90
2.70
3.20

3.90

0.17
0.37
0.55
0.75
0.87

1.00

p value

4.36
0.71
£ 0.0005

< 0.05

2.64
0.43
< 0.0005

0.62
0.13




Figure 55.
Effect of different ages of T, spiralis

infection on affinity of antibody for HSA
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example carbon reduces the affinity of mouse anti~protein antibody
but does not affect the quantity (Passwell et al., 1974), whereas
Freund's complete adjuvant increases both (Socothill and Steward,

1971).

Macrorhages may influence antibody affinity by antigen removal,

a process that favours selection of high affinity B cells (Siskind
and Benacerraf, 1969). 1In additior, it has been suggested that
variations in macrophage function underlies differences in affinity
of antibody response (Passwell et al., 1974; soothill and Steward,
1971; and Morgan and Soothill, 1975a). They suggested that poor
macrophage function leads to a low affinity antibody response because
of poor selection of lymphocytes.

In Chapter 5 it was shown that the intestinal phase of T. spiralis
increases the activity of macrophages and this could explain why
although total antibody to a heterologous antigen is reduced, the
affinity of the antibody is increased. Thus, the enhanced ability to
produce antibodies of high affinity in T. spiralis infected animals
would be an important compensatory mechanism to overcome quantitative
defects in PFC response and antibody levels induced by T. spiralis

infection and thus help the host to survive.




GENERAL DISCUSSION AND CONCLUSION

The results presented in this study show that the effect of
T. spiralis on the host immune response to heterologous antigens is
of great complexity. This is not surprising considering the complexity
of both the hosts immune response and the life-cycle of the parasite.

Antibody responses to the majority of multideterminant antigens
appear to depend on interactions between, at least, 3 functionally
distinct cell types, T cells, B cells and macrophages (Unanue, 1972).

In adult animals, the bone marrow produces stem cells, some of
which migrate to the thymus where they multiply and differentiate into
thymic lymphocytes (T cells). Eventually after antigenic stimulation
with a T-dependent antigen these become immunocompetent, leave the
thymus and give a population of T lymphocytes. The other stem cells
differentiate to produce B lymphocytes which, after antigenic stimulation
differentiate into blast cells which in turn develop to plasma cells
capable of secreting antibodies. B and T cells sometimes act syner-
gistically (Playfair, 1971), thus although T cells are unable to procduce
antibodies, they may cooperate with B cells to help them to produce
antibodies against the so-called T-.dependent antigens. The immuno-
globulin classes and subclasses of antibody formed are characteristic
of the B cell. Playfair and Purves (1971) suggested that there werae

two populations of B cells; B, cells are prevalent in the bone marrow

1
and respond to SRBC independently of T cells and secrete only IgM

antibody, while B, cells are more numerocus in the spleen and require

the cooperation of T cells to respond to SRBC and eventually switch to

producing IgG antibody.




A third cell, the macrophage, also plays an important role in
both induction and expression of the immune response.

Othexr factors of relative importance which may play a part in the
control of the immune response are genetic factors such as the immune
response (Ir) genes (Munro and Bright, 1976) and back ground genes
(Biozzi SE;EL:' 1975) . Feed back control may occur with the products
of immune reaction affecting the rates of synthesis and catabolism of

antibodies and endocrine hormones (growth hormones, thyroxine and

insulin) may play a metabolic role. Activation of cell bound C3 may

also play a part of the events leading to stimulation of the resting
B lymphocytes (Hartmann, 1975 and Pepys, 1972).

Depression of the antibody response induced by T. spiralis would
occur if there was any defect or damage to any of the 3 cell types or
in the cooperation between them, i.e. block at various stages of immune
induction or expression. Results presented here, suggest that several
mechanisms may be involved in the immunodepression induced by
T. spiralis infection and that they may be affected in different ways
with the different phases of T. spiralis infection.

3 phases of T. spiralis infection (intestinal, migrating and
developing and the mature muscle phase) depressed the humoral response
to the T-dependent antigen, SRBC, although a mixture of 2 or more of
these life cycle phases was more effective in depressing tl.e immune
response than was any phase on its own. Both the number of PFC and the
antibody levels in the sera of mice were depressed by T. spiralis
infection and the induction and maintenance of this immunodepression
was positively related to the level of infection. This was found with
both the intestinal phase and the full infection.

The intestinal phase of T. spiralis depressed the antibody response

to the T-dspendent antigen, SRBC, but the fact that there was a normal




response to the T-independent antigen, LPS, suggests that the B
lymphocytes are normal during this phase of infection and therefore
the defect which causes the depressed response to SRBC may be either
in the T cell population or in macrophages or in the cooperation
bectween them and the B cells.

IgG responses were normal, or even raised, during the intestinal
phase of T. spiralis infection and as it is known that the IgG response
neceds T cell cooperation this may be evidence that T-B cell cooperation
is normal during this phase of infection. Therefore it may be suggested
that those T cells involved in helper activity are normal while other
T cell populations were defective. In support of this suggestion is
the depressed CMI responses, which are T-dependent phenomena, during
the intestinal phase of T. spiralis infection as measured by heart
allograft technique (Ljungstrom and Huldt, 1977).

Increased phagocytic activity was found during the intestinal phase

51 PVP

of T. spiralis infection as evidenced by increased clearance of e

and 51Cr—SRBC which indicates that the recognition and phagocytosis of

the second antigen are not defective. .

At this point we are in a situation which shows normal B cell
population, normal T-B cell helper function and enhanced macrophage
function. This implies that immunodepression during intestinal phase
of T. spiralis may affect the T cell function or there is lack of
cooperation betwean macrophage and lymphocyte population or both
mechanisms are acting together.

"Antigenic competition"” or antigen induced suppression is when
antibody response to one antigen is reduced by prior injection of an
unrelated antigen. This phencmenon is observed with a wide variety of

antigens (see review by Adler, 1964). Recently 2 models for antigenic

competition have been suggested. The action of non-specific T cell




suppressor cells and competition on the macrophage surface.
Waksmann (1977) showed that, following antigenic stimulus, suppressor
T cells release a non-specific glycoprotein mediator (IDS) which
inhibits DNA synthesis. The production of IDS appears to be linked
to cell division; and occurs within a few hours of stimulation by
adherent spleen cells and by adherent cortisone-sensitive (cortical)
thymocytes. IDS acts only at short range and its target action is
limited to the Gl phase of mitosis and it shows no antigenic
specificity.

Taussig and Lackmann (1972) and Schrader and Feldmann (1973)
have suggested that antigenic competition occurs at the macrophage
level. The explanation for this is that when an antigen is introduced
into an animal it forms a complex on the surface of T cells with
antibody-like receptors (IgT) and that this complex become attached
to the macrophage surface and is then presented to the T cell in a
form suitable for activation of B lymphocytes which begin antibody
production. When a second antigen is presented during the response to
the first antigen the macrophage receptors will be less available for
attachment of the second antigen-1gT complex leading to the diminished
triggering of B cells to the second antigen.

T. spiralis is antigenic to its hosts and functional antigens of
T. spiralis are T-dependent (Walls et al., 1973; Ruitenberg and
Steerenberg, 1974; Ruitenberg et al.., 1977 and Ljungstrom and Ruitenberg,
1976) , their antigens may competa with other non-cross reacting antigens
introduced to the host during the response to T. spiralis infection.
This may be supported by the presence of normal B cell population and
undefective macrophage function. Jones et al. (1976) showed that
splenocytes from infected mice, when added to cultures of normal cells,

actively suppress the in vitro antibody response to SRBC. This in

vitro suppression is T-lymphocyts dependent since it was abolished by




treatment of the splenocytes with anti-thy-l1 antiserum and ¢ and

was enhanced by treatment with anti-Ig antiserum and ¢. These

results support the hypothesis that there is antigenic competition

in T. spiralis infection. However the fact that IgG responses were
normal during T. spiralis infection in the present study implies that
antigenic competition between T. spiralis and SRBC may not be the only
explanation of this immunodepression.

The induction phase of antibody production depends on the present-
ation of antigen in an immunogenic form suitable for the activation of
the lymphocytes. SRBC antigen is processed by macrophages (Argyris,
1967) and hence a functional defect could be envisaged, either in
antigen uptake or in the processing and presentation of antigen to
lymphocytes. In the present study, the results of PVP and SRBC clearance
tests demonstrated that the intestinal phase of T. spiralis infection
stimulated rather than depressed the phagocytic activity. It is
possible that the defect in the immune response may be in handling
and processing of the antigen by these, overactive, macrophages aftexr
initial antigen uptake and before presentation of the antigen to the
lymphocytos. Because IgG responses were normal in this study and
according to Playfair and Purves (1971) who suggested the presence of
2 populations of B cells, it may be suggested that T. spiralis infection
affects the presentation by the macrophages of antigen to 51 cells.

This is supported by the work of Loose et al. (1972) who showed that
although peritoneal macrophages from mice infected with P. berghei could
phagocytose SRBC they were less effective in inducing an immune response
to SRBC in recipient mice than those from uninfected animals. Further

work is needed to confirm the possihility of this happening in

T. spiralis infection. This could be done by exposing macrophages from

normal and T. spiralis infected animals to SRBC either in vivo or in




vitro and the degree of phagocytosis could be measured before trans-
ferring them to recipient mice. Studying the immune response in
recipient mice would show the role of sensitized macrophages in
handling SRBC antigens in infected animals. At this point, a question
therefore arises whether macrophage populations are all of one nature,
and capable of phagocytosis and presentation of antigens, or whether

2 populations of macrophages are present in which one population is
responsible for antigen recognition and phagocytosis and the other
population is responsible for antigen presentation to lymphocytes.

Lubiniecki et al. (1974b) reported a defect in the uptake of SRBC
by splenic macrophages and increased uptake by liver macrophages in mice
infected with T. spiralis larvae for 7 days. From his results and results
presented here, it seems probable that altered distribution of SRBC may
be an additional contributing factor in the immunodepression induced by
T. spiralis infection.

Biozzi et al. (1975) have selectively bred 2 lines of mice which are
high and low antibody producers. They found that the rate of clearance
and distribution in the body organs of radiolabelled SREC were identical
in both low and high responders, but the SRBC persisted in splenic macro-
phages for much longer in high responders than in low responders.
However, other antigens such as Pneumococcus polysaccharide (SIII),
Keyhole limpet haemocyanin (KLH) and Levan were phagocytized faster by
low responder strain macrophages. They suggested that the increase in
KLH degradation and presentation is a major factor in the regulation of

the antibody synthesis in the low responding lines. They also noticed

important morphological differences and high lysosomal enzyme activities

in peritoneal macrophages of low responders. It is possible that the
increased clearance rates of PVP and SRBC induced by T. spiralis infection

lead to increased degradation of the antigens and hence less antibody 1is




produced although it is recognized that the macrophages of both high
and low responders Biozzi mice handled SRBC in the same way.

Argyris (1967) has shown that phagocytosed SRBC are as immunogenic
as nor phagocytosed ones. In addition, some experiments indicate that
breakdown by macrophages of SRBC may be an essential prerequisite for
immune induction (Shortman and Palmer, 1971; Feldmann and Palmer, 1971).
It is therefore, possible that over activity of macrophage function in
T. spiralis infected animals alters the immunogenicity of SRRC.

Several studies have demonstrated that the ratio of macrophages to
lymphocytes is critical for the induction of an immune response. It
has been shown that stimulated mouse macrophages produce a factor(s)
which is depressive to the immune response (Nelson, 1973 and Chene and
Hirsch, 1972). This may provide a further explanation of immuno-
depression induced by T. spiralis infection contrasted with apparently
enhanced phagocytic activity.

A 30 day old T. spiralis infection, that is when larvae are in the
muscles of the host, depressed the humoral immune response to both
the T-dependent and T-independent antigens, SRBC and LPS which indicates
that later stages of T. spiralis infection alsc affect the B-cell popu-
lation. However, during this stage of infection IgG responses to SRBC

are gtill normal. It is possible that in the late stages of T. spiralis

infection there is selective depression of the nl population of Playfair

and Purves (1971) leading to a reduced IgM response to SRBC.

Macrophage function in a 30 day old T. spiralis infection was normal
in ordinary infection but was activated with a higher lcvel of infection.
This again would favour the role of macrophages in immunodepression
induced by later stages of T. spiralis infection in a way similar to

the intestinal phase.
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Evidence for T cell defect during late stages of T. spiralis
relec tion
infection were reported as delayeZ allograftL (Svet-Moldavsky et al.,
1970; Ljungstrdm and Huldt, 1977) aud as depression of rosette-forming
cells (Faubert and Tanner, 1974a).

The migrating and developing phase (NBL) of T. spiralis represents
an intermediate stage between the intestinal phase and the encysted
muscle phase. This phase caused depression of the immune response to
SRBC, indicating a T cell defect, but did not affect the response to
LPS, indicating a normal B cell population, and normal macrophage
function determined by PVP clearance. It is possible that the T cell
population is first depressed by early stages of T. spiralis infection
(intestinal phase and migrating phase) helped by lack of coordination
between the 3 cells (namely B cell, T cell and macrophages) then later
in infections when the larvae reach the host muscles, the B cell popu-~
lation are also affected.

All stages of T. spiralis produced increased catabolism of passively
transferred macroglobulins. This was explained by the presence of high
levels of anti-T. spiralis IgM antibodies produced during T. spiralis
infection which may provide a homeostatic or feed back mechanism which
controls or limits the production of antibodies to heterologous antigens
even if infected animals were synthesizing antibody at the same rate
as uninfected controls. This mechanism may provide another explanation
for lowered serum anti-SRBC antibodies in T. spiralis infection.

Non specific polyclonal B cell activation leading to tha exhaustion
of B cell potential, as judged by increased background PFC in infected

animals has been suggested as one of the mechanisms of immuncdepression

induced by T. brucei infection (Urquhart et al., 1973 and Hudson et al.,

1976) and by S. mansoni infection (Ramalho pinto et al., 1976). In

this study an attempt was made to study this possibility in T. spiralis




infection, but under the conditions of the experiment, results did not
support this possibility. Further in vivo and in vitro study may be
useful to clear up this point in this parasite model.

It has been shown that bone marrow cells may be the cellular site
for unresponsiveness (Playfair, 1969). 1In T. sgiralis infection,
Faubert and Tanner (1974a) showed that bone marrow cells from T. spiralis
infected animals were unable to reconstitute normal thymectomized
irradiated mice. This indicates that defective BM cells may play a
role in irmmunodepression induced by T. spiralis.

Faubert and Tanner (1971 and 1975) have presented evidence that
serum of animals infected with T. spiralis contains a factor which
agglutinates and is cytotoxic to lymphoid cells and can delay skin
homograft rejection. They also showed that T. spiralis larvae have
lympho cytotoxic properties. They claimed that these effects are due
to substances secreted by the T. spiralis parasite. However their work
showed no correlation between the agglutination titres and the number
of inoculating larvae or to the intensity of infection. There are
also indications that serum and larval factors may differ in molecular
weight and specificity. 1In addition, Barriga (1978a) found no evidence

of cytotoxicity for spleen cells in vivo in experiments of cell transfer

from parental mice to Fl hybrids. This suggests that the factor present

in the sera of infected anima.s is different from the larval factor and
may be of host origin. The present study showed activated macrophage
function in animals infected with T. spiralis and it is possible that
the factor present in the sera of infected animals may originate from
the activated macrophages.

Molinari et al. (1975) showed that T. spiralis infection produces
a marked histopathologic change within the thymic cortex and medulla

reflected as increase in total cell number, quantity, distribution and




proportion of histiocytes and lymphoblasts and number of mitotic
figure in thymic cortex, which could be related to the alteration

of the immunological expression during infection. However Ljungstr®m
and Huldt (1977) have demonstrated the cortical depletion of lympho-
cytes in the thymus which might lead to a reduction in the traffic
of cortical lymphocytes to the medulla where maturation occurs.

Eosinophilia is a common feature of T. spiralis infection. The
role of eosinophils in immunodepression is unknown. However, eosino-
phils modulate allergic inflammatory responses by synthesis and release
of prostaglandins (Hubscher, 1975), therefore additional modulatory
roles in antibody production cannot be excluded.

In conclusion, from this study and other worker's studies, we are
now in a situation where we can understand some of the happeninas during
T. spiralis infection. It is possible that during early stages of
T. spiralis infection (intestinal and migrating phase) proliferation
of lymphoid cells both in Peyer's patches, intestinal mucosa (Larsh
and Race, 1954 and Walls et al., 1973) and in mesenteric lymph nodes

occur (Faubert and Tanner, 1974b) but this was not seen in T cell

deprived mice (Walls et al., 1973 and Faubert and Tanner, 1974b) which

suggests that the cells migrated from the thymus. This will, therefore,
be followed by depletion of lymphocytes from the thymus (Ljungstr®m

and Huldt, 1977). Simultaneously, the intestinal phase increases the
macrophage activity (present study). When a second T-dependent antigen
is introduced during this phase of T. spiralis infection, a deficient

T cell population helped by the mechanism of antigenic competition at
the macrophage function, therefore may lead to depressed immune response
to the second antigen. This mechanism does not affect the immune

response to T-independent antigen LPS (present study). Meanwhile




activated macrophages may influence antibody affinity by antigen
removal leading to the production of high affinity antibodies (present
study) as a compensatory mechanism to cvercome quantitative defects

in PFC response and antibody levels induced during T. spiralis
infection and thus help the host to survive.

During late stages of T. spiralis infection B cells are also
affected leading to depressed antibody response to both T-dependent
and T-independent antigens (present study).

The incrcase in anti T. spiralis IgM antibody levels (Ljungstrdm,
1974 and Ljungstrdm and Ruitenberg, 1976) in turn, may limit IgM pro-
duction to & second antigen due to a feed back mechanism or lead to
increased catabolism (present study) of antibodies in T. spiralis
infection even if they were synthesized at the same rate as in
uninfected mice.

The increase in the affinity of the antibody to HSA antigen
(present study) may be a compensatory mechanism for the various defects
discussed above.

Although this study has shed more light on thea effect of

T. spiralis infection on the immune response and to the mechanism of

immunodepression induced by T. spiralis infection, it is probably
premature to attempt a rational synthesis of all the facts. More
study is needed to confirm the postulations mentioned and .o study
further points which can modulate the immune response in this parasite

model.
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