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ABSTRACT

In the present investigation, eosinophils and neutrophils
purified by density gradient centrifugation from the blood of

Nematospiroides dubius infected mice resistant to reinfection,
were examined for their ability to adhere to the different
parasitic larvaI stage s of N. dubius. fn addition, the ability
of these cel1s to damage larvae, both in-vitro and in-vivo i-n

the presence of immune serum was also studied.

Granulocytes were initially tested for adherence to larvae

which had been sensitised with immune mouse serum or normal

mouse serum in the presence of Ca+t and Mg++ ions, EDTA or EGTA.

Differences were observed in the degree of cel-1 adherence to

the different stages of the parasite. However the adherence of

the tv¡o ceII types to any given stages of the parasite were

similar. Adherence to the sheathed infective third stage larvae,

96 hr post infective larvae and to adult worms depended to a

large degree on conditions suitable for compl-ement activation
ie: fresh serum and the presence of Mg++ and Catt ions,

Complement was activated both vj-a the alternative pathway and by

the parasite itself via the classical pathway by parasite bound

antibodies. fn these conditions, ce11 adherence occurred

predominantly through the interaction of leukocyte C3 receptors

with parasite bound C3. In contrast, adherence of celLs to
exsheathed larvae and to the 48 hour and 72 hour post infective

Iarval stages appeared to involve antibody/tr'c receptor as well

as C3lC3 receptor interactions. The data indicated that N. dubius

may undergo a series of antigenic changes during it's life cycle

and that antÍbodies capable of mediating granulocyte adherence

are elicited predominantly against the early tissues develop-

mental forms of the parasite.

Granulocytes were further examined for their capacity to
damage exsheathed third stage larvae j-n-vitro. In the presence
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of fresh immune serum, both eosinophils and neutrophils caused

a significant reduction in larvaI infectivity, whereas lymph-

ocytes/monocytes prepared from the same bl-ood samples 'were

inactive. Neutrophils were as active as eosinophils, on a ceIl
for cell basis. None of the cells exhibited larvicidal activity
in the absence of serum and serum alone had no effect. fn

addition, neutrophils and eosinophils caused a reduction in
larvaI infectivity in the presence of normal serum ie: via altern-
ative pathway activation and adherence of cells via C3lC3

receptor interacti-on. However, in contrast to neutrophil-s,

eosinophils were considerably less effective in normal serum than

in immune serum. Both immune and normal serum \üere ineffective
if they had been heat inactivated or incubated with methylamine

to destroy comp lement which indicated that in-vitro antibodies

were incapable of directing the activity of either ce1l. in the

absence of complement.,

Of interest was the finding that neutrophil-s from uninfected

mice, \ryere unable to reduce 1arval infectivity in the presence

of fresh normal or immune serum. t'Altered" neutrophils possessÍng

larvicidal activity appeared in the blood of mice within 4 days

of infection.

To further assess the role of granulocytes in resistance to

N. dubius in-vivo, experiments were carried out, which showed

that mice, which were rechall-enged 4 days after a primary infect-
ion of N. dubius larvae, showed an enhanced resistance to the

second challenge infection, provided immune serum was also

transferred within 48 hours of the second challenge. This

increased resÍstance was attributed to the action of stimulated

neutrophils, along with specific antibody (either of the IgM or

the IgG immunoglobulin class) since activated macrophages 'were not

present at this 'early stage of in,fection. FurthBrmore, transfer of

neutrophils, brit not eosinophils along with immune serum conferred
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partial resistance to challenge with N. dubius. The data

suggested, that neutrophils were invol-ved in the initial- phases

of ínfection and that the cell-s act j-n conjunction with speci-fic

antibody in providing resistance.

Experiments in-vivo were carried out where monoclonal_

antibodies agai-nst murine granulocytes were transferred to mice

to deplete either eosinophils or neutrophils. These experiments

further confirmed the effector role of neutrophils in the initial
stages of infection. Treatment of mice with anti-neutrophil
antibody 4 days after a primary infection of larvae, compretery

abolished reslstance to rechallenge by N. dubius, whereas

depletion of neutrophils, 10 days after a primary infection only

partially abolished resistance to rechallenge. Depletion of
neutrophils or eosinophils, 10 days after a secondary challenge

infection of N. dubius, had no effect on resístance to rechallenge.

Neutrophils recovered from mice treated with monoclonal anti-
neutrophil serum, \ryere shown to be inactive against larvae in-
vitro, when compared to neutrophil-s from unsuppressed mice.

Thís would suggest that stimulated neutrophils, DaV be preferent-
ialIy depleted by this monoclonal antÍbody, and that resistance

to reinfection seen in secondary immunised mice treated with the

antibody, fràv be attributed to activated macrophages and/or

eosinophils.

The overall data indicates that neutrophils in a stimulated

stage, along with specific antibodies are involved in resistance

during the early stages of infection by N. dubius. Activated

macrophages and possibly eosinophils are involved in resistance
during the later stages of infection.
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1.1 GENERAL INTRODUCTION
f1

Parasitic helminth infections in the tropical and sub

tropical countries continue to be of major health importance,

because of their high incidence and the effect they have on

the population, and economic status of the countries

affected. Disease caused by herminth infection is 1ikely to
produce a" chronic debilitating condition in which symptoms

deverop gradually. However, rarely does the disease resurt in
a high mortality rate. Furthermore in parasitised hosts,
particularly those in the poorer rural areas it is not uncommon

for polyparasitism to occur, infqction with Ascaris, Trichuris
and Hook\ryorm being a common combination found in endemic areas

(W.H.O. Technical Report, No. 666). poor diet and subsequent

malnutrition further lower the resistance of populations to
other infections resulting in serious manpower and economic

l-osses among rural populations. Therefore the importance of
helminth infection in human and animal health cannot be ignored,
particularly in the developing countrj-es in which the most

prevalent incidence of infection occurs.

Stoll, (7947 ) assessed the number of human cases of
Nematode infection at that time to be approximately 1,700 million
out of a total world population of 2,000 million. Hookworm,

Anc,ylostoma duodenale and Necator americanus were estimated to
infect 456 million people. with the increase in the world

population since 7947 these estimates are likely to be extremely

conservative, even though effective anti-helminthic d.rugs are

now avail-abIe. Anti-helminthic drugs may eliminate nematodes

from infected hosts, however reinfection usually occurs quickly
once people return to infested areas, making control of the

incidence of reinfection extremly difficult (Gilres et al. ,

L964). Progress at the present time in the management of
herminth infections has been minimal in developing countries.
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rn th.e rlanos of venezuera for instance, the prevalence of
Hookworm within the rural population in 1926 was 69./.. Between

1950 and 1958, 58"/. of the population were infected, whereas

recently in the 1g7o's, 4o"/" of the rural populati.on were

positive for Hookworm, vet the absolute number of infected
subjects has shown no signficant reduction (W.H.O Technical
Report, No. 666).

EradÍcation of disease caused by herminths is not a

realistÍc goal in most countries at the present time. Available
techniques such as repeated treatment of infected individuals
with anti-helminthic drugs as in -the case of Hookworm, are
onry aimed at reducing the load of infection berow the level
of clinical significance as reinfection is almost certain to
occur. The success or failure of programs for the eradication
or control of the incidence of infection d.epends rargely on

education programs to teach improved sanitation, changes in
diet and cooking procedures and other factors to minimise the
incidence of infection. Success al-so depends on community

participatÍon in these programs. ultimately the development

of suitable vacclnes which stimurate that arm of the host
immune response, which is most effective against the parasite
would be a more sati-sfactory means of controrling helminth
infections, along with such programs as above, withÍn the
community.

1.2 VACCINATION AGAINST HELMINTHS

some degree of acquired resistance to reinfection by

helminths does occur over time, and it is on the immune

mechanisms invorved in such acquired protective immunity that
the prospect of the deveropment of vaccines is based.

rmmunisation against helminths infecting man and domestic

animals would be of major health importance and considerable
economic advantage.
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However despite the fact that ef{ective vaccines are available

for the contror of many bacterial- and virar infections, the

immunologÍcal control of helminth infection has yet to be

attained.

rn general, irradiated attenuated live rarval forms of
helminths, somatic extracts of helminths, and secretory/excretory
antigens produced by helminths frave been considered for use as

vaccines. Irradiated. - attenuated l-arvae used for vaccination
must be capable of surviving, migrating and producÍng functional
antigens, but have a decreased pathogenicity (Lroyd, 1gB1).

Thj-s approach to immunisation agaj.nst helminths has the dis-
advantage in tha-t irradiated larvae have the potenti-al- to survive
and mature within the host. Irith nematodes some protection
against infection has been achieved by immunisation with
attenuated - irradiated larvae. For example, protection against

infection by Haemonchus contortus may resul-t from immunisation

of adult sheep with larvae treated in this manner (Urquhart

et a1. ' 7966). SimilarIy irradiated larvae of Trichostrcingvlus

colu briformis were hi ghly efficient imrnunogens in sheep older
than 5 months of age (Gregg o¿'tcr\ . 19?8). Unfortunately
young lambs cannot be immunised in this way as they do not

respond with a protective immune response. In the field within
endemic areas, it is the young lambs which are subjected to
severe parasitism, therefore limiting the usefullness of the

vaccine. rrradiated forms of schistosom? species have been

used as immunogens to vaccinate animals against i-nfection
(Taylor, 1980). frradiated forms of S. mattheei and S. bovis
given sub-cutaneously to sheep or cattre resul-ted in reduced

levers of infection upon a second chaL1-enge. rmmunisation of
sheep with S. mattheei gave a 60T. reduction in the level- of
inf ection af ter challenge, even when re j-nf ect j-on was delayed up

to s5 weeks (si-crr#î sls) .
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economic advantage within endemi-c areas could result from such
a vaccine as immuni-sed animals have increased growth rates,
higher body weight and less histo-pathological symptoms of
infect ion .

OnIy IimÍted success has been achieved with vaccines using
killed herminths or crude somatic extracts of helminths as

immunogens (C1egg and Smith, Lg78). Secreted anti-gens for some

helminths, such as the cestodes on the other hand have proved
to be highly effective immunogens, and induce protection
against reinfection. A protective immunity agaÍnst Taenia ovj-s
and T. taeniaef ormts was induced in lambs and rats following
exposure to oncospheres grown in milripore chambers implanted
inLo the peritoneal cavity (Rickard and BeIl , Lg7aa). In
addition excretory/secretory antigens col-tected from in-vitro
culture of oncospheres were effective in the immunisation of
sheep against r. ovis ¡ ot cattle against r. hydatigena and.

T. saginata (Rickard and BeIl , LgZLb, Rickard et àI., LggZ).

secreted antigens have also been used for immunisation
against nematodes. rn this case, it appears that antigens
associated with moulting are the most important in conferring
protection (stromberg, Lgrz). rt was shown that onry moulting
fluid of Ascgris suum produced during the moult from the third
to the fourth stage larvae induced signifÍcant protection, other
secreted antigens were ineffectj-ve. unfortunatel-y with most

other nematodes and cestodes, vaccj-nation with secreted antigens
has produced variable results, most provÍng to be ineffectj_ve
as reviewed by Clegg and Smith, (192g).

For vaccines against helminths to remain a vi-able
possibility such factors as the effect of different routes of
immunisation on the devel-opment of protectj-ve immunity, the
need for, and the type of adjuvant required, the effectiveness
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of a complex mixture of antigens compared with highly purifj.ed

antigens, when the latter are difficul-t to obtain must be

considered. In addition, the isolation and chaiacterisation

of antigens leading to a protective immune response must be

achj-eved. Some antigens have been isolated and at least

partially characterised (Kwa and Liew, L977; Strombergr L979).

The need for isolated antigens would be of particul-ar importance

where no in-vitro culture system exists for the production of

large quantities of helminth material. Genetic engineering

and cloning techniques may be of use in such cases to produce

defined antigens in large quantities.

1.3 THE IMMUNE RESPONSE TO HELMINTHS

Resistance to helminth infectj-on involves a complex

interplay between celluIar and humoral factors. The size and

complexÍty of helminths present a" large àrra"y of antigens, some

stage specific, others common to other parasites, and some rvhich
Qná CtaPcu^ ,

are common to host antigens (Caprona 19ßO). The immune response

of a host may be directed against thc larval or the adult stages

of the helminth life cycle. Adults may be expelled from the

intestine or destroyed in the tissuer egg production or 1arva1

migration may be affected by the immune response.

Reports in the literature have begun to outline the

Ímportance of ce1lu1ar reactj-ons during helminth infections.

Increases in the number of mast cells, polymorphonuclear ce11s,

macrophages and lymphocytes have been reported as a consequellce

of infection, (Kelly and Ogilvie, 1-972; Rothwell and Love ' L974;

and Prowse, Ey and Jenkin, !97&ù. In an immune host it is

unlikely that a single ce1l type would function unaj-ded as an

effector against a given helminth parasite, thus a number of

effector mechanisms probably act in concert to establish

resj-stance. However, a study of the relative role of

indÍvidual cel1 types which may be involved in resistance to
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helminths may lea.d to a clearer picture of the overalr immune

effector mechanisms. such a study of the immune effector
mechanisms may eventually lead to the development of vaccines

that will elicit that response which is most efficient at

destroying the parasite.

The following discusses the role of polymorphonuclear cells
as ef f ector cells j_n immunj-ty to helminth inf ections.
7.4 EOSINOPHILIA DURING HELMINTH INFECTIONS

Many helminth Ínfections in mammals are characterised by

high IeveIs of eosinophils in parasitised tissue and br-ood.

Eosi-nophils originate in the bone marrow and are released into
the circulation of chemotactic stimuli, such as histamine

release, (C1ark, GalIin and Kaplin, 7975), complement activation
and the release of C5a, and also by T lymphocyte drived soluabre

factors whieh act directly on bone marrow stem cell-s (Beeson

and Bass, 7977; Mi11er, Colley and McGarrV, tgTG). The

eosinophil is predominately a tissue ceIl and therefore leve1s

of circulating eosinophils reflect a requirement at a particular
tissue site.

origi-naIly the function of the eosinophil was thought to
be that of a "biological- moprr to prevent the products of
anaphylactic reactions leaving l-ocalised sites. Eosinophirs

were shown to have à tendency to accumulate around the site of
anaphylaxis possibly due to the reJ-ease of chemotactic factors
during such reactions. EosinophiLs also contain enzymes capable

of neutralising products of mast cel1 activation such as

histamine and 5 hydroxytryptamine Grchers, 1gG3i Kay,

Stechschulte and Austen L977; Gortzl, 1980). Butterworth et al-.,
(7975) were the first to suggest a more aggressive ro1e for the

eosinophil during herminth infections by demonstrating that
eosinophils were capable in-vitro of mediating antibody

dependent damage to' the Schistosomula of Schistosoma mânsoni.
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A passive role for the eosinophil during hetminth infection
could no longer therefore be credited, since then the

eosinophil has been implicated as an effector ce1I in immunity

to a number of hel-minth parasites (Mclaren, Mackenzie and

Ramalho-Pinto L977; Vadas et al_., LgTg; Ackerman et al., 1gg1;

Haque et a1. , L982). Furthermore, since eosinophilia is
considered to be under T lymphocyte control, it would imply that
the appearance of eosinophils as a consequence of helminth

infections was associated with a direct immune attack against

the parasite, and not simply a passive response to chemotactic

stimuli associated with hypersensi-tivity reactj-ons around the

invading parasite (Basten, Boyer and Beeson, rg7o; col1ey, Lg75).

Helminth infections may then result in a unique stimulus for
T lymphocytes whích induces a T ce11 dependent eosinophilia,
since other stimuli which activate T lymphocytes rarely induce

an eosinophilia (Ogilvie, 1980)"

In some instances the eosinophil response elicited during

helminth infections, mây be more of a hinderance than a help.
Prolonged eosinophil-ia can result in damage to host tissue such

as the heart and nervous system (Iva g!_q!., tg67; Andy et al.,
L977; G1eich et al., L979>. The question however, sti1l remains

as to what role the eosinophíI- plays during such infections.
The fo1-lowing discusses the ro]-e of eosinophils in immunity to
two helminth parasites, Trichinella spiralis and schistosoma

mansonl_. Although the effect of eosinophils on other helminths

have been reported (Green , TayJ-or and Alkawa, 1981; Haque et al.,
1981), the greater proportion of the published literature is
coneerned with these two parasites.

1.5 THE ROLE OF EOSINOPHILS IN IIUMUNITY TO TRICHINELLA

SPIRALIS

T. s a. gastrointestinal nematode parasite of man r<.r, ^ù*
Infection occurs as a result of therodents

iralis is
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ingestion of meat containing encysted larvae. The acidity
of the stomach reÌeases the larvae from the cysts, and they

then enter the intestine and undergo two moults to reach

maturity. Adult females then deposit eggs in the mucosa, which

hatch approximately 5 days post infection. The newborn worms

migrate through blood vessels and lymphatics to striated muscle

cells where they encyst to become muscle stage larvae, and may

remain alive for a number of years. After copulation the male

adult dies, the females may persist for several weeks,

depending on the species, but are eventually expelled from the

small intestine.

In human Trichinosis, recovery from infection usually
occurs, unless the Ínitial infection is unusually heavy. The

pathological effécts of infection a,re associated with the

migration of larvae through muscle tissue and their encystment.

Host resistance is predominateJ-y directed against newborn larvae

which penetrate the intestína1 mucosa and pass via the blood

stream into muscle tissue r or against the encysted larvae

within muscle ceIls.
For laboratory study the life cycle of T. spiralis can be

reproduced in rodents, making analysis of the immune effector
mechanisms involved in resistance to infection possible.

Infection of rats by T. spiralis r âs with other helmÍnths results
in an eosinophil response as characterised by Basten, Boyer and

Beeson,(1970). fn rats, natural i-nfection results Ín the

appearance of eosinophils by day 6, corresponding to the time

that the larvae are deposited in the intestinal mucosa.

Thymectomy or irradiation significantl-y reduces the eosinophit

response, high-lighting the T lymphocyte dependency of the

eosinophilia. Depletion of eosinophils in mj-ce infected with
T. s iral is results in no apparent effect on the rate of natural

expulsion of adult worms from the intestine.
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However, muscle stage larvae double in number, implicatj-ng

the eosinophil in immunity to the larval stages, but not to the

adult stages of T. spiralis (Grove et a1. , t977).

It has been shown in-vitro that eosinophils adhere to and

cover the entire surface of infectlve larvae and adult worms in

the presence of fresh normal serum, suggesting that complement

alone is sufficient to promote adhesion. In contrast , newborn

Iarvae activate complement by the alternative pathway, in a

sma1l area in the mid section of the worm, adherent ce1ls bei-ng

detected only in this area of the cuticle (Mackenzie, el-sr\", telto)

Adherence of eosinophils could also be mediated by specific

antibody on the parasite surface binding to Fc receptors on the

eosinophil surface. The antibody in humans promoting adherence

to newborn larvae has been shown to be of the IgG class, these

antibodies ari-se within three rveeks of infection, and are distinct

from the fgG and IgM antibodies, which also develop during this

acute phase of infection, but mediate adherence to muscle stage

larvae only (Kazura, 1981).

Adult worms were not killed by adherent eosinophils,

although damage to the parasite cuticle was detected. In

contrast, both infective and newborn larvae can be kiIled by

adherent eosinophils in the presence of fresh immune serum.

Although eosinophils could adhere to the larval surface in the

presence of fresh normal serum, no killing by the eosinophi-1s

resulted, specific antibody being required to initiate killing

by these ceLls. The inabil-ity of eosinophils to kill- in the

presence of complement alone contrasts with the observations

made with trematode parasites, where these ce11s have been

demonstrated to ki11 Schistosomula in the presence of normal

serum (Ramalho-Pinto et àL., L978). Rats mount a stage specific

antibody response to infection by T. spiralis which can be

detected by an antibody mediated eosinophil adherence assay
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(MacKenzie, Preston and OgiLyie r lgZB; BeIl, McGregor and

Despommier, 7979). In addition the host protective immune

response to T. spiralis has also been shown to be stage specific
by an antibody dependent ce11 cytotoxicity assay, where it was

shown that immunity correlated with the appearance of these

stage specific antibodies mediating eosinophil cytotoxicity,
(Kazura and Grove, 1978). The speci-f icity of the antibody

response to each stage in the life cycle was precise, in that
antibodies which recognised the surface antigens of one stage

dÍd not recognise those of another stage (Philipp et al_.,1981).
The association of stage specific antibody capable of mediating

eosinophil adherence and the stage specificity of host protection
suggests a role for the eosinophil and specific antibody in
immunity

Ultrastructural studies of the interaction of eosinophils
and the larval stages of T. spiralis show that eosinophils

adhere rapidly to the surface of newborn and infective larvae

in the presence of fresh immune serum (Kazura and Grove, 1980).

The cells degranulate and deposit a dense material onto the

parasite surface. As a result, holes and gaps appear in the

cuticle and death occurs. The mechanisms by means of which

eosinophils ki11 the parasite and penetrate their surface cuticle
wiIl be discussed 1ater.

1.6 THE ROLE OF EOSINOPHILS IN IMIUIJNITY TO

SCHISTOSOMA MANSONI.

S. mansoni is a trematode parasite which can Ínfect man,

primates and rodents. Infective larvae, cercatiae enter the

blood stream by burrowing through the skin. After moulting to
become schistosomula, they migrate to the lungs via the

pulmonary vessels where they burrow through the alveoli causing

extensive damage. From the thoracic cavity the schistosomula

enter the liver and eventually the mesenteric veins where
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copulation and egg laying ocaufs 22-23 days after infection.
The longevity of the adult frukes depends upon the species of
the host and ranges from 50 days to a number of years. Eggs

burrow through tissue to be passed out with the faeces, hatch

and develop into miracidr a. These multiply asexualry in the

snail, and emerge as infective cercariae. The pathological
effects of infectj-on are associated with the migration of the

larval stages within the host, and also the deposition of eggs

in the t-issue of the l-iver and intestine with subsequent

granulomatous lesions developing.

During the course of infectior, a striking eosirrophilra
develops within the hostr.and the interaction in-vitro of
eosinophils and schistosomula of S. mansoni in the presence of
anti-schistosomula antibodies, was the first demonstration of
an active role of these ce1ls against herminth parasites
(Butterworth et al. , L975) . since then, eosinophils have been

reported to ki11 schistosomul-a via both antibody and compl-ement

dependent mechanisms (Remalho-Pinto, Mclaren and smithers, tgzg;

Anwar, Smithers and Kay 1979; Vadas et a1., 1980). Human

eosinophils are reported to be more efficient at kilring
schistosomula in the presence of antibody and complement, than

in the presence of either comp)-ement alone or antibody arone

(Anwar and Kay, L978): schistosomula j-ncubated in normal rai-

serum became more susceptible to damage by eosinophils than those

coated with purified anti-schistosomula rgG immunogloburin

(Ramalho-Pinto, Mclaren and Smithers , 1978). Killing of antibody

coated schistosomula was enhanced by the addition of complement

components, particularly C3. Schistosomula coated with antibody

aloner or antibody in the presence of purified cl and c4, or c1,

C4 and C2 were all equally susceptible to killing by eosi-nophils,

however 1f purified C3 was added, a significant increase in the

percentage ki1_1ing by eosinophils resulted. (Anwar, Smithers and



.72
Kay, 1979) . Dam,age to schistosomula was rnore severe and

occured within a shorter period of time vhen eosinophils
bound to the parasj-te surface via C3 - C3 receptor interactj-on
rather than via Fc - Fc receptor interaction, (Mclaren et al.,
1e78 ) .

The eosÍnophil mediated kil-11ng via the interaction with
complement component C3 at the parasite surface may be of
j-mportance as a natural defence mechanism in a naive host

whereby i-nvading schistosomuLa activate the alternative pathway

of complement, releasing chemotactic factors, which then attract
eosinophils into the area of parasite invasion. In a resistant
host, the combination of antibody and. complement could result
in a more efficient interactÍon leading to severe damage of the

cuticle of the sohistosomula. Only low fevels of antibody are

required for the in-vitro killing of schistosomula by

eosinophils, provided complement is present (Mclaren, Ramal-ho-

Pinto and Smithers, 1978). A 7ltOrOOO dilution of rat anti-
schistosomula serum in the presence of eosinophils resulted in
100% mortality of schistosomula in-vitro, provided a l/ZOO

diLution of normal rat serum was also added. A t ltorooo dilution
of immune serum alone in the assay resulted in only 3O-4O'/"

mortali Ly.

Chemotactic agents such as complement component C1a,

referred to as the eosinophil chemotactíc factor of anaphylaxis,

have been sho'wn to increase the expressJ-on of eosinophil

receptors for C3b. Such eosinophils, after exposure to chemo-

tactic agents were shown to have an increased capacity to bind

and ki1l schistosomul.a, (Anwar and Kay, L978; Anwar et al-.,

le80 ) .

I.7 MECHANISMS BY I\{EANS OF WHICH EOSINOPHILS KILL
HBLMINTHS

Eosinophils can be considered, at l-east in-vitro to be
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effector cells in immunity to helminth parasites, such as

T. spiralis and S. mansoni however the mechanisrns whereby

eosinophil-s kill helminths is, as yet unclear. A tieht
association between the eosinophil and it's target is thought

to be required, with the release of granule contents directly
onto the parasite surface (Kareen et aI., 1980).

A two s'tage mechanism of adherence was postulated þy

Vadas et al.,(1980), and Capron and Capron, (1980). In the

former case, Ít was proposed that eosinophil-s in the presence

of specific antibody alone have an Fc - Fc receptor dependent

interaction at the parasite surface, along with a temperature

dependent irreversible step to ensure greater adherence when

compared with other cells such as neutrophils and macrophages.

Capron and. Capron, (1980) proposed. a two signal mechanism of
eosinophil adherence. "One signal being provided by the

binding of IgG antibody to the Fc receptor on the eosinophil

surface. The second signal was provided by the interaction of

tat IEGzu antibody binding to mast cel-I surfaces, and the

subsequent release of mast cel_l products". The mast cel1

products 'were thought to increase the IgG mediated eosinophil

cytotoxicity. Both mechanisms allowing for the tight association

of eosinophils to their target.
Glauert et aI., (L978) reported in detail, the events

following eosinophil adherence to schistosomula. Eosinophils

adhere to the parasite surface, flatten and then discharge

their granule contents into the extracellular space betrveen

ce11 and schistosomula. Structural- changes occurred in the

parasite membrane starting with vacuolation of the tegument,

which fed finally to j-t's removal. Eosinophils then attached

themsefves to the exposed muscle where phagocytosis of the

muscle tissue and celluIar components occurred, Ieading to the

death of the parasite.
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Eosinophils after âdhç1.q¡a. flatten down onto their

target, providing antibody and/or complement are present
(Kareen et aI.r 1980). In the absence of antibody, the cells
which adhered, did not fratten, but remained rounded. Major
Basic Protein (MBP) is a unique component of eosÍnophj_I granules,
accounting for up to 5O"/" of the granule contents (Gteich et aI.,
t974). Purified I\{BP can bind to, and damage schistosomula in
the absence of celrs, and antibody dependent eosinophil
adherence has been shown to resurt in the rerease of MBp onto
the parasite surf ace, leadj-ng to damage of the Ìectu,^.1ì in the

\\
area directly under the adherent cell-s (Butterworth et a1. ,

1979) - Damage by MBP is non-specific and would therefore account

for the need for a tight associatj-on between the eosinophil and

it's target, if damage to host tissue is to be minimised.

Particles coated with rgG and c3 can ind.uce eosinophils
to secrete their granule contents which include Major Basic
Protein, Cationic proteins and peroxidase (Spry , ].gTB). Human

eosinophir peroxidase has been shown to have anti-helminthic
properties against new born larvae of r. spiraris in-vitro.
The combination of eosinophil peroxidase on the larva1 surface
and Hro, generation by these cells, resulted in the prod.uction

of hypochlorous acid and subsequent l-arval death (Bays et al-. ,

1e81 ) .

In addition, recent studies have proposed that circulating
eosinophils may be in an "activated" state in patients with an

ongoing eosinophilia (Winquist et a1. , LgBz) . patients with an

ongoing eosinophilÍa as a consequence of S. mansoni infection
have cj-rculating eosinophils with an increased abil-ity to kilI
schistosomula in-vitro in the presence of specific antibody
(David et al., 1980). Eosinophils from such patients band at a

lower density after density gradient centrifugation, and have an

increased number of rgGrFc and c3 receptors and a higher oxygen
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consumption rate than eosinophils from normal individuals,
Activation of eosinophils may be another mechanism by which

these cells can act as effectors against helminths. Increased
larvicidal activity of human eosinophils has been reported to
occur as a result of thei-r exposure to solubre factor(s)
released by schistosomula of S. mansoni- (Auri-au1t et al. , :.982) .

Exposure of eosinophils to colony stimulating factors, such as

placental conditioned media arso results in an enhanced

cytotoxicity of these ce11s against antibody and comprement

coated schistosomula (Dessein et al_. , L982).

both in-vi-tro and in-vivoIn conclusion, the eosinophil,
appears to be well equipped as an effector cel1 against helminth
parasites, it contains a unique proteinrMajor Basic protein

which càrL directry damage helminths, along with a variety of
other toxic proteins. rn add.ition, the eosinophil may undergo

an activation step in the host such that it has an j.ncreased

capacity to ki11 invading hefminth parasites.
1.8 THE ROLE OF NEUTROPHILS IN IMMUNITY TO HELMINTHS

Although eosinophils appear to be werl equipped as effector
cel1s against helminths, they cannot necessarily be considered,

together with antibody and complement, as the sole components

involved 1n immunity. Neutrophils may also increase in number

as a consequence of hel-minth infection, especially in the early
phases of the disease (Beeson and. Bass , tgTz), and mononuclear

cells are al-so common components in the cellular response at
tissue sites of infection (Henson et al. , LgTg). All three
ce11 types have been reported to kill- a variety of helminths via
mechanisms dependent on antibody and/or complement mediated

adherence (Green et at., 1981; Anwar, Smithers and Kay, LgZg).

Neutrophils have an important role in host defence against
invasion by micro-organisms, however it has only been recentry
demonstrated that these ce11s also have anti-helminthic properties.
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when comparing polymorphonuclear cel-ls as effectors against

helminths, it appears that the eosinophil is far more efficient
at causing parasite damage and death than the neutrophÍI (Anwar,

smithers and Kay, 7979). This contrasts with the experiments

reported, where both types of granulocytes were compared in
their abil-ity to phagocytose and kill bacteria. Although

eosinophils have been found capabl-e of ingesting and killing
bacteria such as Escherichia coli and staphvrococcus aur eus

thpy have generarly been found to be less efficient than the

neutrophil (Cline, Hanifin and Lehrer, 1968). This has usually
been attributed to a lower rate of phagocytosis by eosinophils.
Neutrophils have al-so been reported to have a higher density of
Fc receptors on their surface, which could account for the

higher phagocytic rate of neutrophils. (van Epps and Bankhurst,

1978). Eosinophilia during helminth infections is under the

contror of r lymphocytes, which contrasts with the increase of
numbers of neutrophils, which can occur in the absence of T eel}s.
Also factors mediating adherence to and subsequent killing of

helminths by eosinophils and neutrophils differ s1ightly.
Eosinophils require antibody and/or complement for kilting,
whereas neutrophils have no anti-helminthic properties in the

absence of comprement. Antibody alone is not sufficient to
induce neutrophil mediated killing of helminths, although the

cells wil-I adhere to the parasite surface.

In earlier experiments the neutrophil was considered to
be a poor effector cell agaj-nst helminths. This conclusion was

based on experiments comparing neutrophil and eosinophil killing
of schistosomula in-vitro in the presence of antibody alone

(Vadas et a1., 1980). Neutrophirs were shown to ad.here to the

parasite surface, but were unable to cause damage to the cuticle.
However, further experiments demonstrated that neutrophils were

effÍcient effector ce1ls against schistosomula, provided antibody
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and complement or complement alone were present in the assay

system (Incani and Mclaren, 1981; Dean, Wistar and Murrell,
L974>. Phagocytosis of bacteria by neutrophils requires the

co-operation of both the Fc and the C3b receptor on the ce1l

surface. It has been proposed that the C3b receptor on the

neutrophil initially facilj-tates the adherence of an IgG - C3b

coated particle, ie: recognition of the target. Secondly, the

C3b receptor then facilitates the IgG - Fc receptor contact by

either a structural rearrangement r or removal of C3b from the

Fc region of the fgG molecule, and this then 1eads to
phagocytosis. (Hakansson and Venge, 198¿). Therefore dual

binding to both the Fc and the C3b receptor may be also

required for anti-helminthic activity ot neutrophils.

Incani and Mclaren, (1981) showed fur:ther the requirement

of both antibody and complement in the killing of schistosomula

by rat neutrophils in-vitro. Absence of killing in-vitro in the

presence of antibody alone was attributed to the lack of

chemotactic stimul-i to attract neutrophils. Addition of a

chemotac1"j-c agent such as Human Serum Albumin was shown to

increase the morta"lity rate by 3O"/". This explanation requires

more thought, in that cells and larvae were in contact for 20

hours in a very small volume which would theoretically allorv for

sufficient contact of ce1ls and schistosomul-a. Further studies

have shown that in the presence of antibody alone, neutrophils

observed under the electron microscope preferential-Iy phagocytose

antigen/antibody complexes at the schistosomula surface, rather

than to attack the parasite directly, which cou1d account for

the lack of effective kilLing under these conditions (Incani

and Mclaren, 1983 ) .

Eosinophils may be more efficient effectors against some

helminths, as adherence by these cell-s is considered to be

irreversible when compared to neutrophil adherence under the
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same conditions (Vadas et al., 1980; Incani and

Mackenzie et al., 1981). In studies by Incani
(1983), adherent neutrophils unlike eosinophils

to the surface of the larvae of S. mansoni and

Mclaren, 1981;

and Mclaren

did not flatten

T. spÍralis.

Furthermore, no peroxÍde positive secretions could be detected

at the parasite surface when adherence \Mas mediated by antibody

a1one, which contrasts to their finding when adherence took place

in the presence of antibody and complement.

Complement mediated damage to schistosomula by neutrophils,
unlike that of antibody mediated adherence is characterÍsed by

the vacuolation of the tegumental membrane and the eventual

development of l-es j-ons in the cuticle. Neutrophils were seen

to remove the damaged tegument and subsequently adhere to the

muscl-e cell-s of the parasJ.te. Damage was seen to occur at a

faster rate when both antibody and complement were present

together, than in the presence of complement a1one.

Neutrophils contain a wide range of hydrolytic enzymes

capable of inducing parasi-te damage including myeloper.oxiclase

Iactoferrin, cationic proteins and toxic oxygen products

(Greenwalt and Jamieson, L977). Cationic protein can damage

schistosomula in-vitro (Mclaren et aI., 1981). Nitroblue

tettazolíum can be used to detect toxic oxygen products such

as HrO, " "Footprints'r of Ni-troblue tetrazo1-ium were seen on the

surface of T. spiralis and N. brasiliensis during neutrophil
adherence, although no dÍrect kitling hasr âs Vet, been

attributed to the action of HZOZ alone (Mackenzie et àI., 1981).

Thus neutrophils may act as à first line of defence against

helminth infection.
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1.9 NEMATOSPIROIDES DUBIUS INFECTION IN MICE

1.9.1 LIFE CYCLE

Nematospiroides dubius Ís a Trichostrongyl€ nematode

parasite of the mouse, first described by Baylis Q926) . The

life cycle has been comprehensiveLy reported Þy Bryant, (\973> .

Eggs are laid in the faeces, which then hatch 36 hours later to
give rise to fj-rst stage larvae. The larvae undergo a moult at

28-29 hours with a second moul-t occurring at approximately 4-5

days of age to give rise to ensheathed, nonfeeding infective
third stage larvae (L3). After ingestion by the mouse, the L3

exsheath in the stomach within minutes. They then penetrate the

intestinal- mucosa, and by 24 hours, most if not al-l- the larvae

have penetrated. A further moult occurs at 90-96 hours after
infection giving rise to the fourth stage i-.arvae, a" further
moult then occurs at 1-44-1-46 hours post-infection. Young worms

return to the intestinal lumen by 191 hours, where they burrow

deeply into the crypts of Lieberkuhn. Egg production occurs

approximately 2 days later.

L.9.2 HISTOPATHOLOGICAL CHANGES IN THE SMALL INTESTINE

AND STOMACH FOLLOIVING INFECTION

In naive mice fol-lowing challenge with N. dubi-us there is
an infil-tration of the submucosa and muscularis by neutrophils

within 12-24 hours post-challenge (Liu, 1965a; Panter 1-969a).

After 4 days macrophages also infiLtrate the muscularis mucosa

around the encysted l-arvae (Baker, 1954). By day 6 or 7, the

larvae begin to emerge as young worms, and the vacated cysts

become fi1led with cel1s, mainly neutrophils, macrophages and a

few eosinophils, resulting in the formation of granulomatous

Ìesions (Baker, 1954; Panter, 1969a). These granulomala,almost

completely regress by day 2O-ZL, (Liu, 1965a).

Histopathological changes in the small intestine and

stomach as a consequence of infection by N. dubius , lil ml-ce
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which have undergone a primary j-nfection have been reported

by Liu, (1965b), and Jones and Rubin, (1-974). After challenge

of sensitised mice, a rapid and marked necrosis of the

intestinal mucosa and musuraris occurs within 2 days, and

cellular inf iltration by polymorphonucl-ear ce11s, plasma cell-s

and macrophages was reported around encysted larvae, such that
the worms were surrounded by a wall of cells (Liu, 1965a).

Jones and Rubj-n, (7974) showed further tlnat within 24 hours

after challenge of sensitised micer âû i.rtt"m*atory response

could also be detected in both the mucosa and submucosa of the

stomach. D,l screte f oc j-, containing variable composites of
lymphocytes, eosÍnophils and macrophages could be detected.

Neutrophils were present in smal-l numbers, but in some instances

they predominated the response against the invading larvae.
The inflammatory response in the stomach of these mice persisted
for 2-3 days, and then declined. Larvae could not normal-ly be

detected in the stomach during the first 2-3 d.ays after challenge,

but whcn present, they were seen to be encapsulated with
neutrophils attached to their surface. During the first 3 days,

within the intestine of these sensitised mice, rechallenged

with N. dubius, neutrophils again predominated the response

against the larvae. By day 4, macrophages infiltrated the a'rea

around the invading larvae, al,ong rvith eosinophils which were

reported to increase in number from that time onward (Ba ker,
1954). Eosinophils were present throughout the Iesions around

encysted larvae formi-ng a halo, the cells eventual-ly encapsul-

ated, the larvae, and either inhibited the emergence of young

worms r or actually destroyed the larvae within the lesions.
After 7 days the vacated cysts, together with the lesions
containing trapped worms contained a mixture of cell types

including macrophages, neutrophils, eosinophils and rymphocytes,

which eventually led to granuloma formation.
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Regression of these fibrotic granulorna did not oceur until-

day 73, whj-ch contrasted with that seen in naive mice

challenged with N. dubius where granuloma{oçre so tve within 20-27

days.

Histological studies implicate the eosinophil- as one of

the main effector cells causing parasite death. However, the

initial attack on invading N. dubius larvae appeared to depend

on the infiltration of neutrophils into the area. These ce1ls

may then serve as a front line of defence against infection,
with macrophages and eosinophiLs acting at a" later time.

1.9.3 DEVELOPMENT OF IMI\,TUNITY TO N. dubius

Followi-ng a primary infection with N. dubius , mice develop

a partial resistance to subsequent challenge, characterised by

their ability to kil1 no more than hal-f of the challenge dose

of l-arvae (Prowse, Ey and Jenki-n, 1978 ) . In contrast , mi-ce

infected two or more times, der¡elop a high degree of resistance

to subsequent challenge infection, such that they can kill up

to 95"1, of the challenge dose of larvae (Panter, 1969b; Bartlett

and Ball-, L972; Prowse et aI., 1978). Resistance depends on

the number of prevJ-ous Ínfections, the use of a lj-ve immuni-sing

infection, and also on the strain of mouse used (Van Zandt 17967;

Panter 1969b; Prowse et al-., L979b)-

The development of resistance in mice to Ínfection by

N. dubius was first described by Van Zandt (1961), who showed

that mi-ce developed some resistance to further reinfection after

three oral immunising doses of N. dubius larvae. The degree of

resistance was later shown to be dependent on the number of

larvae within a challenge dose, and also on the number of

immunising infections given (Panter, 1-967; Panter, 1969b;

Bartlett and Ball, L972; Chaicumpa et al., L977). Immunity

was thought to be induced b'y l-ive larvae, and not by adult
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worms within the intestine (Yan Zap,dt, J,961), Thrs wâs later
confirmed by Panter , (7969a) and also by Bartlett and 8a11,

(L972), who showed that the life span of adult worms was not

reduced during repeated infections with larvae.

Histopathological studies of the smal-1 intestine by Liu,
(1965b) demonstrated that granuloma formation was more severe

during secondary infection, which suggested that granuloma in

the second infection resulted from the larvae being kil-l-ed

within the intestinal muscularis by an immune response elÍcited

as a result of the primary infection. In contrast Panter,

(1969b) proposed that immunity was associated with an immediate

hypersensitivity reaction within the gut, such that larvae from

a secondary challenge were prevented from penetrating the

intestinal wa11. It was demonstrated by Panter, (1969b) that

intravenous injection of N. dubius antigen, composed of

supernatants'from homoge,nised centrifuged adult worm prepara-

tions, into mice which had received mul-tiple infections of

N. dubius larvae , produced an active cutaneous anaphylactic

(ACA) response. Furthermore, hypersensitivity could be

transferred passively to the skin of normaL mice by immune serum

(Passive Cutaneous Anaphylactic reaction, PCA). Primary immune

mice were also shown to respond with an active cutaneous

anaphylactic reacti-on to intra-dermal- injection of an unrelated

antigen antibody complex of, horse serum - anti-horse serum,

serum. Within these mice, there was also a significant

reduction in the number of worms in the i-ntestine after injection

with the unrelated antigen-antibody complex. This further

supported the suggestion of a rol-e for hypersensitivity reactions

in immunity. It was proposed that in immune mice, a fresh

challenge of larvae may produce an anaphylactic reaction capable

of preventing and removing a Iarge proportion of the larvae

before they became established.
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Investigations by Jones and Rubin, (Lg74) supported the

concept that larvae were expelled from the intesti_ne prj_or to
penetration. Mice which had been previously immunised with
three dozes of 2oo larvae oralry, when rechar-tenged, rapidry
expelled the larvae from the challenge d.ose, prior to invasion
and maturation within the muscularis mucosa. This was concluded
from the observation of fewer granulomata in the small intestine.
They suggested that in orarly immunised mice, hypersensi_tivity
reactions may have pre-empted the need for a cel1ular mechanism

in immunityt. rn contrast sub-cutaneously immunised mice
showed a more gradual decline in parasite numbers, with a

larger worm burden being oetecteã. In addition, larvel develop-
ment in these mlce proceeded. more normally. .ft was claimed that
in sub-cutaneously sensitised mice, larvae were ki1led following
penetration of the muscularis mucosa.

Jones, (A974) expanded this concept by demonstrating an

i-ncreased active cutaneous anaphylactic reaction Ín orally
sensi-tised mice, when compared to sub-cutaneousl_y sensitised
mice. This was determined by comparing the diameter and

intensity of skin lesions af-ter 30 minutes, following the intra-
dermal injection of supernatants of disrupted, homogenised adult
worms or larvae, and the lntra-venous injection of Evans Blue.
oral immuni-sation was thought to resurt in a higher production
of reaginic antibody, when compared to sub-cutaneous immunisation,
indicating that oral-Iy sensitised mice where capable of elicit-
ing a greater hypersensitivity reacti-on. The data also
suggested that the degree of resistance and type of immune

response against the larvae was related to the route of immunisa-
tion' Removal of larvae in oral1y sensitised mice was attributed
to a hypersensitivity reaction, whereas i-n sub-cutaneousry
sensitised mice, larvae were thought to be kilred by a more

comprex mechanism involving lymphocytes, eosinophils and anti
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N. dubius antibo dy.

Chaicumpa et a1., (Lg7T) however, reported that mice

sensitised with larvae either by the oral, sub-cutaneous, J_ntra-

venous or the Íntra-peritoneal route, all devel-oped resistance
to subsequent challenge. Furthermore, the mechanism of
resistance to re-infection acted on the challenge larvae after
they had penetrated the intestinal mucosa and muscularis
(Prowse, L979). Prowse , (1979) also showed that mice immunised

ora1ly or intra-venously with 2oo larvae, and then chalrenged

ora1Iy, had significantLy more granuromata than control
unchallenged immunised mice. The increased incidence of
granulomata corresponded with the number of larvae given in the
challenge dose, indicating that rarvae had penetrated the
intestÍnal mucosa and muscularis irrespective of the route of
immunisation, and the larvae were kil-red after penetration.

The immune response against N. dubius larvae appears to be

T cell dependent. Host r ce1ls, âs measured by macrophage

inhibition studies, Tecognised adult worm antigens (Bartl-ett
and 8a11, 1,974). Protection against challenge by larvae could
also be passively transferred to naive mice by thoracic duct

lymphocytes from resistant mice, supporting the concept of a

role for T ce1ls in immunlty, (Chaicumpa, ].?TB). The T cel1
dependence of the j-mmune response was later confirmed by Prowse

et al., (1978b) who demonstrated that athymic nude mice were

unabLe to produce granuloma j-n the Íntestinal warl-, and only
developed partial resistance to rechallenge after two immunising

infections. Following two or more infections, nude mice stitl
maj-ntained high \Morm burdens, whereas worms were lost f rom

immune control mice. Reconstitution of nude mice with T ce1ls
resulted in some eriminatlon of adult worms. Thus a full
complement of T cells was required for maxj-mum resistance and

also f or the elimination of adult \4'orms.
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It is clear from thls discussion that immunity to N. dubius

invol-ves mechanisms other than immediate hypersensitivity

reactions, and may require the direct interaction of certain

effector celLs along with specific antibody.

L.9.4 THE IMMUNOGLOBULIN RESPONSE DURING N. dubius

INFECîION

A primary infection with N. dubius results i-n an

immunoglobulin response primari)-y of the ISGt class (Crandal1,

Crandalt, and Franco, L974). Serum Igcl l-evel-s increase

dramatically as measured by radial immunodj-ffusion, when

compared with the l-eveIs of the other immunoglobulin classes,

Which remained relatively constant, except for a smal1 rise in

levels of lgl\[. Specific antibody was detected within the first

2 weeks of infection using an indirect fluorescent antibody

technique, on cryostat sections of adul-t worms. Upon studying

the intestinal response during a secondary infection, it was

shown by the immunofluorescence technique, that Igcl plasma

cells were the most conrmon infittrating cel-1. Intestinal washes

from these mice contained both Igcl and IgA immunoglobulin, but

antibody was only detected in the Igcl isotype.

In çontrast Cypess, Eberço\e. and Molinari, (L977) reported

antibody of the IgA class. In these experiments the levels of

the various immunoglobulin classes in i-ntestinal washings, was

determined before and. after removal of specific antibody. The

removal of anti-parasite antibody, both precipitating and non-

precipj-tating, was accomplished by the adsorptj-on of lntestinal

washings with an excess of supernatants derived from homogenised

adult \l/orms. The resulting antigen /antibody complexes \ryere

precipitated with an excess of anti-worm serum. Antibody by

this means, was detected in the IgGl and the IgA class, but not

in the IgGZa or IgM c1ass. Howev€rr the technique of radial
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immunodiffusion used to detect specÍfic antibody may not be

sensitive enough to detect small differences in the levels of
specific antibody prior to and after adsorption with worm

supernatants. For i-nstance, 1f only a 1ow lever of a given

immunoglobulin class for instance either rEG2uL or rgM were

present within the intestinal_ washings, and only Z./. of the

immunoglobulin in this class were specj-fic antibod.y, then in the

assay used a difference in specific antibody levels prior to,
and after adsorption would not be detected. The IgGt immuno-

globulin associated with intestinal- washings may result from the

leakage of serum proteins into tbe lumen as a consequence of
l-arval emergence and/or the estabrishment of the adul-t \.vorm

population, and not be due to the actual secretion into the lumen.

The levels of serum immunoglobulin were later assessed by

Prowse et al. , (L9T8a) by the use of the more sensitive technique

of radioimmunoassay. An enormous prj.mary rgcL immunoglobul-in

response was detected after challenge, which further increased

after a secondary challenge to levels as high as 3o-bo mg/mr.

Again no significant changes in the revels of the other
Ímmunoglobulin classes could be detected. Antibod.y to N. dubius

was always found to be associated with the IgGl isotype
( CÏandal1 et al . , 1974; Prowse et a1., 1-978a).

IgGl hypergammaglobulinaemia is seen in many helminth

infections in mice, particularly where a chronic infection
results (Chapman et al-., L979a). The response has been shown

to be T cell dependent and may 'reflect chronicity of antigen

exposure' (Chapman et al., 1979b). An attempt was made by the

above investÍgations to simulate the chronic antigenic exposure

resulting from such infections using repeated immunisations of
high doses of sheep red cel1s. This proced.ure al-so resulted in
a higher number, and higher proportion of rgGL plaque forming

ceI1s. It was proposed that the eltormous level-s of IgGl found
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during chronic helminth infection 'refJ.ected persistent, high

dose, 'strongr r cerl dependent stimul-ation of the B cerl
system', and resul-ted in a preferential- producti-on of rgG

1
immunoglobulin. The i.mmunological- significance of the reG,

response, however remains unclear.

Attempts in the past to passivery transfer immunity to
N. dubius with immune serum have 1arge1-y proved to be unsuccess-

ful (Panter,1969: chaicumpa et al., Lgz6; prowse et al., 19zgb).

However, recently a protective rol-e for antibody in-vivo during
N. dubius infection has been proposed by Behnke and Parish
(L979), who showed that passive transfer of immune seïum from a

high responder NrH strain of mice, resurted in the expulsion of
adult worms from the j-ntestine. For such an effect, immune serum

had to be transferred to the recipients oD, or before day 6 of
infection, suggesting that the immune mechanísm operating, acted

on the l-arval- stages durJ-ng early development.

The NIH strain of mice has been reported to respond

rapidly to several other nematode infections (Iïake1in, LgTS;

Wakelin. and Lloyd, ].976) . Activated macrophages have also been

implicated in immunity to N. dubÍus (Chiacumpa and Jenkin, L978).

The possibility of the presence of a cell population, presumably

macrophag€sr in an already activated state within these mice

cannot be excluded, and may account for the ability to transfer
immunity to NrH mice by the passive transfer of serum alone.
Jenkins and Carri.ngton, (1980) assessed resistance to infection
by N. dubius in adult high and 1ow responder Biozzi mice with
the above question in mind . Biozzi mice were clai-med to exhibit
differences in their humoral response to a variety of antÍgens,
furthermore, macrophages from the 1ow responder mice \ryere

reported to be in an 'activatedr state, when compared to
macrophages from the high responder mice. After oral immunisation
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with N. dubius larvae r fio difference in the response to a

primary j-nfection was detected between the high and 1ow

responder strains. However, after exposure to a second or

thírd infection, high responder mice were shown to be more

resistant to infection, with fewer adult worms present Ín the

intestine, when compared with low responder mice. Therefore it

was suggested that host antibody played an essential- role in

immunity.

The macrophages from the low responder mice were in an

ractivatedr state, Vet the mice were equally susceptible to

primary infection as the high responder strain, indi.cating that
ractivatedr macrophages al-one are not sufficient to confer

resistance. Low responder mice do develop a high resistance,

but only after a tertiary infection, which suggests that repeated

immunisations \{ere required to result in the productj-on of

sufficient antibody to mediate in the j-mmune response against

N. dublus. Since immunity to N. dubius cannot be attributed

solely to the action of antibody alone, other effector
mechanisms must also be invol-ved as for example, the attack of

polymorphonuclear cel1s and macrophages on the larvae within the

intestlnal mucosa and muscularis.

1.9.5 THE CELLULAR RESPONSE IN IMMUNITY TO N. dubius.

Infection of mj-ce with N. dubius not only resulted in à

huge IgGl immunoglobulin response, but also in a change in the

Ieve1s of circulating leukocytes (Prowse et a1. , 7978a) . After
primary infection, a- five fol-d increase in total circulating

blood leukocytes may occur. Ce11 l-eveIs peaked at day 6-8 post-

challenge, and then slow1y declj-ned, the peak correlating with

the time that young worms began to emerge into the intestine.

LeveIs of peritoneal leukocytes al-so increased, and in contrast

to blood leukocyte leveLs, peritoneal- cel1 numbers were stilI
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Primary infectÍon of mice by N. dubi-us resulted in à 40-50

fold increase in blood neutrophil and lymphocyte levels, whereas

in the peritoneal- cavity, macrophages as well_ as neutrophils
and lymphocytes increased in number. only a 2-4 fold increase
in macrophages occurred compared. to a greater than 20 fold
increase i-n rymphocytes and. neutrophirs, however, the absorute
number of macrophages was always s-4 times higher than that of
other cell types in the peritonear cavity. After a primary

infection no eosinophils coul-d be detected within the circulation,
or the peritoneal cavity, however they were present within the
bone marrow. A secondary challenge resulted in a sudden and

dramatlc appearance of eosinophils T days later, which reached

levers as high as'2- 5 x 106 cells/ml of blood. These high
leve1s were maintained for a number of weeks after a tertiary
immunisation (prowse et aI. , lg7ga). The appearance of
eosinophils corresponded to the time that mice were shown to
develop full resistance to rechallenge, implicating these cell_s

1n immunity to infection. Encysting larvae were thought, by

these i.nvestigators to be the stimulus for the release of
eosÍnophiJ-s from the bone marrow.

Eosinophilia is a dnaracteristic of many hel-minth infections
(Butterworth et al. , LgzS> , yet the role of these ce1ls in-vivo
immunity is unclear. similarly the rore of neutrophils in
immunity to helminths is also uncertain. Most studies on the
effect of cells on helminth larvae have involved the macrophage.

Macrophages have been implicated in immunity to N. dubius , the
importance of these ce11s in immunity being stressed by

Chiacumpa and Jenkin (19?g), who showed that peritoneal celIs
from immune mice damaged the larvae of N. dubius in-vitro. The

predominant ce11 type present within the perÍtoneal washout ceIl
populatlon of immune mice was the macrophage.
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Peritoneal ceLls from normal mice where unabl-e to damage Jarvae

under the same conditions (Chaicumpa and Jenkin, t978). These

results suggested that macrophages were required to be in an

'activated' state for efficient kil-ling to occur. This concept

was supported by further expe riments involving S. enteritidis 11RX.

Challenging mice with this organism is known to activate

macrophages (Davies and Kotl-arski, t974). Peritoneal cel1s

from S. enteritidis 1lRX infected mice also killed N. dubius

larvae in-vitro in the presence of N. dubius immune serum.

However both plastic adherent (predominatel-y macrophages)

and non-adherent peritoneal cells from resj.stant mice have been

shown to impair the infectivity of larvae in-vitro in the

presence of immune serum (Prowse , t979). Since non-adherent

ce1ls damaged larvae, it would imply that cell-s other than the

macrophage were also invol-ved in immunity.

Eosinophils have been implicated in immunity to N. dubius

by Hurley and Vadas, (1983). They showed that BALB/c mice

developed resistance to N. dubius , 2-3 weeks a.fter a sub-

cutaneous injection of adult worms into the base of the neck.

In contrast CBA/H mice failed to develop resistance. Furthermore

BALB/e mice, as wel-l as BALB/c (BALB/c x CBA/H) fl bone marrow

chimeras were shown to mount a strong eosinophil response,

whereas CBA/H and CBA/H (BALB/c x CBA/H) ff chimeras only

elicited a weak eosinophil Tesponse following infection with

N. dubius. Resistance to infection was therefore attributed to

the strength of the eosinophil response of the mice, which

supports the concept that eosinophiLs are important in

resistance to N. dubius.

The present thesis examines the reaction of murine

eosinophil-s and neutrophils with N. dubius larvae in-vitro and

assesses the rol-e of these cells in determining the resistance

of mice, to infection by this particular parasite.
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2.1.L

MATERIALS AND METHODS

EXPERIMENTAL ANIMALS

Outbred LACA mice were used predominatel-y throughout these

studies. The mice were raised under specific pathogen free
conditions in a closed colony at the University of Adelaide

Central- Animal House. In some experiments àn F1 hybrid between

C57|BLxBALB/ c mice were used as indicated in the text.
2.7.2 INCI]BATION MEDIUM AND DILUENTS

The basic medium used in the following experiments was

medium 199 (Flolv. Laboratories U.S.A.) containing penicillin
and streptomycin sulphate (2OO units/ml-), and 5 Fluorocytosine
(10 ug/ml). The medium \¡vas buf fered with IMNaOH and 10mM (final

CONCENTRATION) N- 2 - Hydroxyethyl piperazine - N' 2 ethane-

sulfonic acid (HEPES; Calbiochem) to pH 7.4 Supplemented

medium was basic medium to which had been added 3 ml of O.03M

NaHCO, / lOOml and heatlåctivated foetal cal-f serum (FCS) to a

final concentration of 5"/.. The dil-uent used for the cel-l-

adherence assays was Veronal buffered saline (VB2+) an isotonic
buffer containing 0.3M NaC1, 5mlt{ Sodium barbitone, 0.15mM CaC1_,

and 0.5mM MSC1r. The buffer sometimes contained (O.OlM

ethylene-diaminetetra - acetj-c acid (EDTA), or (0.01M) ethyl-
eneglycol - bis (beta-amino-ethyl ether) N, N'-tetra-acetic acj-d

(EGTA) as indicated in the text. Hanks balanced salt solution
was prepared by adding 5ml- of solution A plus 5ml- sol-ution B

to 90m1 of sterile. dlstilled water. Solutj-on A was composed

of 160gm NaCl, 8gm KC1, 4 gm MgSOn-7H2O, 2.Bg CaCl, dissolved

in 1000m1 of distilled water. Solution B contained 3.04g

NarHPOn-Lz H2O L.2e KH2PO4, 2Og glucose and 100m1 of O.4"/.

phenolred in 900m1 of distilled water. After mixing solutÍons

A and B in 90mI of water, the medium was buffered to pH 7.4

with 0.15M phosphate buffer.
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2.2

Finally, foetar calf serum was added to a finar concentration

of 5'/".

MATNTENANCE OF THE PARASITE NEMATOSPIRODES DUBIUS.

2OO - 400 third stage larvae (L3) were adminstered oral-ly
to LACA mice. These infected mice \ilere used as a source of
eggs over a period of 3-4 months. wire mesh grids were placed

Ín the bottom of cages over rnoist filter paper to collect
faecal peI1ets. The pe]-lets were then mixed with distitled
water and the slurry passed through à 500 u sieve. After
centrifuging the filtrate at 1500g for 5 minutes, the

supernatant was discarded and the pel1et resuspended in
distilled water. The resulting sed.iment was streaked onto

moist lVhatman filter paper, lining a- large glass tray BO x 30 x

3 cm. These were then left covered with a glass plate at room

temperature under high humidity. After 7 days of culture, the

l-arvae were collected by ri-nsing the filter paper in the tray
with distilled water. The larvae were washed and resuspended.

in distilled water and maintained at 4"c until used. Third
stage l-arvae kept at this temperature for periods of up to
three months, stiI1 retained fuI1 viability as measured by

infectivity. The concentration of L3 in the suspension was

determined by counting under a dissecting microscope (x16) ttre
number in an 0.1 m1. al-iquot placed onto a perspex grid and.

covered with a coverslip.

3 LARVAL EXSHEATHMENT

To obtain exsheathed L3, mice which had been starved

overnight were fed with 10r000 L3 in o.8 ml of physiological

saline. Thirty minutes later the mice were kilIed by cervical
dislocation, the stomach and small intestine were removed, cut

open aJ-ong theÍr entire length and incubated in a petri dish

containing 30m1 of physiological saline at room temperature for

2



9^

.33
30 minutes. Intestinal debris was then removed by filtration
through a thÍn layer of cloth. The firtrate containing the

larvae was centrifuged at 500 g for 1 minute and the rarvae

\trere resuspended to a finaL concentratj-on of 1ro00/m1 in 1gg

Medium (Commonwealth Serum Laboratories) containing penicillin
and streptomycin sulphate (each 2OO units/ml-) and 5 fluoro-
cytosine (10 uglm1). These exsheathed larvae could be stored

for 3-4 days at 4"c without noticeabl-e loss of infectivity.

COLLECTION OF POST INFECT IVE LARVAE

To obtain larvae from infected mice at various times after
infection, 2,500 L3 suspended in 0.4 ml of distirled water

were introduced into the lower part of the oesophagus of each

mouse using a blunt L9 gauge needle connected to a tuberculin
syringe. Mice were kil1ed by cervical- di-slocation at 48 hours,

72 hours and 96 hours after infection. The tissue stage l-arvae

were then collected by the method of Ey, Prowse and Jenkin
(1981) as follows. The entire length of the smalr intestine
from above the pyloric sphincter to the lreo caecar valve was

removed from the mice, and freed of connective tissue. After
tying the ends with surgical thread, each intestine was immersed

in 15 - 30 m1. of prewarmed (37oC) medium in a 50 x 13 mm. petri
dish and incubated at 37oC for two hours. The med.ium was

composed of a I : 4 mixture of medium 199 (commonwearth serum

Laboratories Melbourne), and physiologi-cal saline containing

200 units per m1. penicillin and streptomycin sulphate.

Emergent larvae were collected from the medium by pouring the

larvae from a number of petri dishes j-nto 100 mt. bottles and.

allowing the larvae to settle onto the bottom. The supernatant

was discarded and the larvae washed in medium lgg 3-4 times
(Fig. 2.L). Finally the larvae were resuspended to a

concentrat ion of 2 , 5oo larvae /ml . in cuz* /lllg2* supplemented
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veronal buffer

NaCl / 0.15 mM

2+
5mM

Lz / O.5

(vB

CaC

sodium barbi-tone , pH Z .4 / O .1-42 Iú

mM MSCIr).

2 5 COLLECTION OF ADIILT WORMS

Adult worms were collected from mice 10 d.ays after à

primary infection of 2oo L3. Mice were kilLed by cervical
dislocation. The entire length of the smal-l intestine to the
ileo-caecar varve was removed, freed of connective tj_ssue, and

placed into Petri dishes containing 30 mL of physiologÍcal
saline. The intestine was slit throughout it,s entire length
and then incubated under a heat lamp for 60 minutes. under

these conditions adult worms migrate out from the intestines
Ínto the surrounding medium. IÏorms were collected using à

pasteur pipette and washed in veronal buffer {Vn2+¡.

PREPARATION OF ADULT WORM EXTRACTS

A group of 100 mice were infected, with 400 L3 orarry, and

L4 days later adurt woïms colrected as above. The worms were

frozen and thawed in go m1 of sal-i.nc, and then homogeni_sed in
an ultrat aràx brender and frÒzen, thawed a second tj_me. To this
mixture 0.4 mI of 0.25 M EDTAwas then added and the worms re-
homogenised and frozen and thawed once more. The homogenate

was then centrifuged for 30 minutes at 181000 g. The supernatant
was removed and dialysed overnight against phosphate buffered
saline at pH 8.0. Following dialysis the supernatant was stored
at -2O"C until required.

7 IMMUNISATION AND COLLECT ION OF SERUM

Mice were immunised by Ínjecting intravenously two to four
separat'e doses of 200 L3 in 0.2 mI of physiologicar sarine at
fortnightly intervars. I{ice were bled via the retro-orbitar
plexus fourteen days after the fourth immunisatÍon or ten days

after the second. The blood was alrowed. to cl-ot at room

2.6
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temperature for 30 minutes, and was then cooled on Íce to

all-ow for clot retraction. The immune mouse serum (IMS) was

then coll-ected and kept on ice until used in the experi.ment,

which was always within 3-4 hours after bleeding. Normaf mouse

serum (NMS) was collected from uni-nfected mice and treated in
a similar manner.

TOTAL AND DIFFERENTIAL LEUKOCYTE COUNTS

Who1e blood or purified leukocytes obtained from the

peripheral- blood were diluted in white ce11 counting fluid
composed of O.7"/" gentain violet in LO"/" vlv acetic acid,ldistÍIled
water. A haemocytometer was fÍlfed with an aliquot of this and

the leukocytes counted.

Differential cell counts Were performed on cytocentrifuge

samples stained with Leishman stain, and at least 2OO cells from

each slide counted.

I PREPARATION OF POLYMORPHONUCLEAR CELLS

Mice were immunised twice with 2O0 L3 as described above.

The animals \llere pre-bled via the retro-orbital plexus on day

21- (0.5 mI/mouse) and the bLood was discarded. Peripheral

blood was agaj-n collected three days later from the immune mice

into preservative-free lithium-heparin tubes (Johns Frofessional

Products, Australia) and pooled for celL fractionation on a

density gradient as previously described (Penttil-a, O'Keefe and

Jenkin, L982). This resulted in three bands. The top band

contained mainly monocytes and lymphocytes. The middle band

consisted of 63'/" + 3T. eosinophils, 3O"/" + 6"/. lymphocytes and

77. + 3% rnonocytes (mean + one standard deviations). The

bottom band contained 96'Á + 2'/" neutrophils, 1-l. + U. eosinophils

and 2"/" + L"Á lymphocytes. ( See chapter 3).

2
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2.10 PERITONEAL WASHOUT CELL COLLECTION

Peritoneal washout cells were coLlected in the foJ_rowing

manner. Mice were killed by cervical- dislocation and the skin
over the abdomen deflected. Two mr of ice cold supplemented

medium \Arere then injected into the peritoneal cavity. The

abdomen was massaged gentl-y and the fluid withdrawn with a 22

gauge needl-e mounted onto a 2 mL syringe. The celrs were then

transferred to a si-liconised tube on ice and washed twice in
suppremented medium, by centrifugation at b00 g for b minutes.

Finarly the cel1s were resuspended in the above medium. rn

some experiments Hanks Balanced Sal-t Solution was used in place

of supplemented medium.

2.71_ ADHERENCE OF EOSINOPHILS AND NEUTROPHILS TO THE

DIFFERENT LARVAL STAGES OF N.' dubius

Eosinophils or neutrophil-s rvere resuspended at a concentrat-
ion of 4 x 106 cefls/m1 in supplemented medium. To siliconised
glass tubes containing 0.0b mr of NMS, rMS o. vB2t \vere added

500 worms of the particular stage to be tested, suspendcd in
0.2 ml of vB2+ or vB2+ plus either 10 mM EDTA or 10 mM EGTA as

indi-cated. The contents of the tubes were mixed and incubated

at 37"c for 90 minutes with gentl-e agitation. Each suspension

was then diluted with 5 ml- of supplemented medium and centrifuged
at 500 g for 1 minute. The supernatant was removed and the

larvae were washed again in supplemented medium. The supernatant

was again removed leaving the l-arval pellet in approximately

0.25 ml of medium.

To the washed larvae were added 0.25 ml- of supplemented

medium containing 1 x 106 neutrophils or eosinophils. The tubes

\'/ere incubated for 60 minutes at 37"c, and the adherence of the

cells to the larvae was then scored in the following manner.

Microscope sl-ides, which had been dipped in 5'Á Bovine Serum

albumin (BSA) and allowed to dry, were used. A drop of the
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suspension containing the larvae and cells was placed onto a

slide and allowed to partial-ly dry. An equal- volume of

Leishmanrs stain was then placed onto the drop of larvae and

left for l minute. Finally a cover slj-p was placed on the

slide. The number of ce1ls adhering to each of 30 l-arvae was

counted by light microscopy under 1000x magnification and the

average number of celIs adhering to each worm was calculated.

2.12 IN-VITRO ASSAY FOR MEASURING THE EFFECT OF

POLYMORPHONUCLEAR CELLS ON THIRD STAGE LARVAL

INFECTIVITY

The assay was carried out in sterÍJ-e, sÍliconised 12 ml

glass tubes. The medium used tfrrougfrout was supplemented

medium. To 2OO exsheathed L3 suspended in O.2 mI of supplemented

medium were added either 0.05 ml of immune mouse serum (IMS),

normal mouse serum (NlfS) or heat inactivated (56oC, 30 min)

immune mouse serum (H-IMS) (5 tubes/group). The larvae and

serum were incubated for 90 minutes at 37oC with gentle

agítation, following which eosinophils or neutrophj-1s were added

in 0.2 m1 of supplemented medium. The tubes \ryere then

incubated at 37"C for a further 60 minutes. Finally, 5 m1 of

supplemented medium were added, the tubes were gassed with 5y"

carbon dioxide in air and incubated at 37"C for 48 hours. At

the end of the incubation period, the tubes were centrifuged

at 500 g for 1 minute to pellet the larvae and all but 0.5 ml

of the supernatant \ryere removed. The contents-of each tube

were then administered per os to naive mice (1 tube/mouse) to

assess the infectivity of the larvae. Encysted larvae in the

wal1 of the small intestine of each mouse were counted 6 days

later.

2.T3 ASSESSMENT OF IMMUNITY IN MICE TO N. dubius
INFECTIONS

Immunity to N. dubius infection was determined by compari-ng



FIGURE 2.2

Smatl intestine showiug cysts from mice 6 days after

challenge with L3

C = cyst
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the number of encysted larvae in immunised mice with the number

in naive mice foll-owing orar or intra-venous charlenge wÍth
2O0 L3. For oral immunisation larvae (l,S¡ were introduced into
the lower part of the oesophagus using a tipped 19 gauge needle
connected to a tuberculin syringe. For intravenous challenge
200 L3 in o.2 ml of saline were injected into a taj] vein using
a 25 gauge needle. cysts were counted on the 6 day after
challenge. The sma11 intestine was removed from below the
pyloric sphincter to the ileo-caecal va1ve, and. pressed between

two pieces of transparent perspex. Both sides at the exposed

intestine were scanned under a dissecting microscope (16x

magnification) and the number of cysts present counted, (Fig.
2.2) .

2.74 PREPARATION OF MOUSE IMMUNOGLOBULIN IsM AND IeG
FROM THE SERUM OF N. dubius INFECTED MICE By
SEPHADEX G-2OO CHROMATOGRAPITY

Forty millilitre atiquots of serum '\,vere fractionated at
Aoc on a 10o x 5.5 cm column of sephadex G-200 previousl-y

equilibrated in isotonic Tris buffered sal1ne (tris hydroxymethyl

amino methanq, 25 mM, Nac1, r32.5 mM, ethylene diaminetetra
acetíe acid, 0.1 mM, NaNr, 8.3 mM) pII 8.0. using the same buffer
at a flow rate of 36 mI/hour, 18 ml fractions were coll-ected.
The absorbance of each fraction was measured at 28O nm and/or

295 nm to identify the major protein peaks (macroglobulin, rgG

and al-bumin). These were pool-ed separatery concentrated by

urtra-filtration and analysed by ELrsA for rgM and rgG.

2.15 ENZYME LINKED IMMUNOSORBENT ASSAY (ELISA )

The concentration of immunoglobulin Ísotypes in serum

fractions after sephadex G2o0 chromatography was estimated by

a competitj-ve inhibition ELISA. Solulble immunoglobulin in the

test sample was assessed for ability to inhibit binding of
alkaline phosphatase conjugated to affinity purified rabbit
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antibodj-es, specific for the heavy chain of the appropriate

mouse immunoglobulin to weJ-ls coated with purified mouse IgM,

IgGl, IgGz^, t*GrO and IgA. The assay was performed in 96

well round bottomed acrylic microtitre trays (Linbro, F1-ow

Laboratories, U.S.A.). The we11s were coated with purified

mouse immunogJ-obulin (5 ug/ml) in 25 mM tris-buf fered saline,
pH 7.5 + O .L'/" NaNr. Af ter 7-2 hours at room temperature , the

weIls were washed twice with PBS containing 0 .O5'/" Tween 20 and

O.2 mg of BSA (washj-ng buf fer; 190 ul/wetl). Eighty micro-

litres of washÍng buffer were then added to each well and the

test sera and reference immunoglobulin solution (of known

concentration) were each titrated ín duplj-cate in seriaL 2

fold dilutions across the rows of the tray. The reference

solution was used to construct a staqdard curve of immunoglobul-in

concentration. Control rows consisted of uncoated we11s, and

coated we1ls containing only washing buffer. To every well was

added 100 uI of the appropriate enzyme antibody conjugate

(Z ng of antibody) in 2O mM Tris - HC1 / O.t5 M NaCl / 0.1 tnM

MgC1, / O.25 uM ZnCL, / O.2 mg/ml BSA/O.1"/. NaN, (pH 7.5). Trays

were covered and incubated overnight at room temperature. The

we1ls were then washed twice with washing buffer and final-ly

160 uI of substrate solution (1 mg/ml of disodium p - nitrophenyl-

phospate; Sigma Chemical Company U.S.A.) in 1M diethanolamine

HC1-/ 1mM MgC12/O.O5'/, NNg (pH 9.8) was added to each well. The

trays were incubated at 37"C for 4 hours, after which the amount

of p nitrophenol produced in each well was assessed

spectrophotometrically by reading the absorbance at 405 nm.

2.L6 PREPARATION OF MOUSE ANTI_SHEEP RED BLOOD CELL

SERUM, IMMUNOGLOBULIN CLASSES.

1O0 CBA mice were immunised with 0 .2 ml of 2'/. SRBC

venously in sal j-ne on day O and again on day 20. Mice

bled from the retro-orbital plexus on day 24, and the

intra-

were

blood



.40
allowed to clot on ice. Sqrum. was collected, and the

haemagglutination titre against à suspensi-on of tl. SRBC

determined. A haemaggl-utionat j-on titre of 1/36O0 *u= obtained.

The anti-SRBC serum was fractionated by protein - A

Sepharose chromatography as described by Ey, Prowse and Jenkin,
(1978). Brief1y, 4-5 ml of serum was mixed with 2 ml of 0.1 M

sodium phosphate pH 8.2, and applied to the protein - A

Sepharose column which had been equilibrated with 0.1 M sodium

phosphate pH 8.2 at AoC. The column was washed until no more

protein was recovered in the effluent as determined by

absorbance at 28O nm. This pool'contained IgM anti-SRBC anti-
bodies, which \ryere further purified by geI filtration of

Sephacryl S-300. Pure IgG1, IgGza and IgGZb immunoglobutlns,

which had bound to the column were then recovered þy sequential

elution with 0.1 M Citrate buffers at pII 6.0, 4.5 and 3.5

respectively. The haemagglutination titre of the anti-SRBC

immunoglobulin fractions were then determined against à

suspension of 0.05% sheep red cells.
2.L7 MONOCLONAL ANTIBODIES FOR THE SELECTIVE DEPLETION

OF EOSINOPHILS AND NEUTROPHILS FROM N. dubius
INFECTED MICE

Monoclonal antj.bodies NIMP-RIO and NIMP-R6 were klndly
donated by Dr.A.Lopez of the lValter and Eliza Hal-l-, Institute
of Medical Research, Melbourne, Austral-ía. The binding

characteristics of these two monoclonal rat IEGZa complement

fixing antibodies used in the following experiments, have been

reported by Lopez et al., (1983).

NIMP-RIO recognises ^ differentiation antigen present on

mature non-dividing granu).ocytes and binds to mouse eosinophils,

neutrophils and macrophages., being cytotoxic Ín-vÍtro in the

presence of complement, while NIMP-R6 binds preferential.ly to

mouse eosinophils, and is also cytotoxic in the presence of
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complement. Both antibodies were used as clarified ascitic

fluid from rats, which had been injected with the corresponding

hybridoma celIs. To deplete pol-ymorphunuclear cell-s f rom mice

infected with N. dubius , the antibodies were injected into the

mice intraperitoneal-]-y (i.p. ) either 1 m1 of a l/fOO di1ution

of NIMP-RIO in saliner or a L/", dilutÍon of NIMP-R6 was given

to mice on days -7r 0 and !, day 0 being the day of challenge.

2.L8 INACTIVATION OF SERUM COMPLEMENT BY METHYLAIUINE

In order to assess the role of antibody alone in the

in-vitro larvicidaL assay with polymorphonuclear cel1s, serum

complement activity was destroyed by methylamine. Sampl-es of

fresh immune or normal serum (2 m]) were mixed with 0.2 mI of

1M methylamine HCL/O.13 M Sodium phospate at, pH 8.0 and

incubated at 37"C for 90 minutes. The sera were dialysed at

room temperature against 13 mM phospate buffered saline (pH 7.a)

supplemented with 0.15 mM CaC1, and 0.5 mM MSC1r.

2.79 STATISTICS

Data was analysed

A probability at 0.05/.

different.

by the rU' test of

or less was taken

Mann and Whitney.

as being significantly
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3.1 INTRODUCTION

For an Ín-vitro study on the interaction of various cell
types with parasites, it is desirabre to obtain highry purified,
functionall-y active ce11 populations. The development of a

technique which results in the purification of a given cerl
type in quantities, which will permit an analysis of their
functions, is therefore of considerable importance. Numerous

investigators have employed density gradients of varying

composition to enrich different ce11 types. There are several

methods reported for the enrichment of human eosinophils, most

of them based on this technique (-Boyum, 1968; Ferrante and

Thong, L978; Gartner, 1980). The human eosinophil has the

highest density of all human leukocytes, and therefore l-ends

itself to this type of separati-on procedure, thus enabling

functional studies to be undertaken. In contrast, functional
studies on murine eosinophils have been restricted by difficult-
ies in the preparation of enriched cel-1 populations in sufficient
quantities to enableoneto carry out such investigations in-vitro.

As a consequence of infection of mice with N. dubius râS

with most helminth infections, there is a marked eosinophilia,
(Prowse, Ey and Jenkin, 1978). The appearance of these cells
in the circulation corresponds with the time that mice have

been shown to develop ful1 resistance to subsequent challenge

infectj-ons, suggesting a possible effector role for these cel1s

in immunity. For an analysis of the role of eosinophils in
immunity to N. dubius it was necessary to develop a suitable

technlque for enrj-ching these cel1s from infected mice.

3.2 TOTAL AND DIFFERENTIAL LEiIKOCYTE COIJNTS ON

PERIPHERAL BLOOD AND PERITONEAL WASHOUTS T'ROM

MICE RESISTAl{l TO N. :dubius INFECTIONS

of a secondary infectionAsa- consequence

eosinophils

of mice by

numbers in theN. dubi-us can be detected in large
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cj-rculation and the peritoneal cavity, proyid.ing u" .onv.rient

starting source of ceLls for enrj-chment. Prior to experiments

designed to enrich eosinophÍ1s from infected mÍce, total and

differential leukocyte counts on peripheral blood and peritoneal

washouts were carried out on mice lnfected with N. dubius. A

group of mice were given two doses of 200 L3 intravenously, at

14 day intervals, ten days after the second infection blood

leukocyte counts were carried out as previousl-y described in
Materials and Methods, (Section 2.8).Total leukocyte counts from

these mice ranged from 0.5 1 x LOZ leukocytes/ml of peripheral

blood and O.5 L.2 x tO7 leukocy'tes/m1 peritoneal washout,

(Table 3.1). Both the blood and peritoneal cavity of the immune

mice contained signif i-cant numbers of eosinophils, 26T" t 5'/. and

L8'/, t 5Y. respectively.

The initial enrichment procedures to be described, were

designed to purr{y eosinophils only. For this reason, peritoneal

washouts were chosen as the source for eosinophil-s, in order to
minimise neutrophil contamination, since it was thought that

neutrophils may have similar c}:araeiueristics to the eosinophil

and therefore band at à similar density making separation of the

two cell types difficult.

.)..f ENRICHMENT OF EOSINOPHILS FROM PERITONEAL

ITASHOUTS OF N. dubius RESISTANT IUICE

A number of experiments, based on density gradient

centrifugation procedures, were designed to try and separate

eosinophils from the other cell- types present in peritoneal

washouts of mice collected 10 days after a second intravenous

infection of 2OO L3 given L4 days after the primary infection.
Isotonic step gradients of colloidal- silica: PercoJl (Pharmacia)

were generated by diluting 70 ml of PercollsoLution with 1O mI

of 0.1 M Phosphate buffered saline and 20 ml of distilled water



TABLE 3.1

Total and differential leukocyte counts on peritoneal washouts

and peripheral blood from normal mice, and N. dubÍus infected

mice, l0 days after a second immunising infection.

LACA
Mice

Total
number of
leukocytes

Differential leukocyte counts ( 7, t So. )

Monocytes Lymphocytes Neutrophils Eosinophj-ls

Normal

Peritoneal cells
Ê,-)- r

2.gxL}u -11.1 97 -:-

Blood

sxto6to. o 5 t 3
_l_

76 ! 7

10
_l-2 -1 I

It9-8

N. dubius
InféCted

Peritoneal cells
a-J-

12x10"-15

Blood

J70-6

z.oxto6to.s o t ¡

-Lg:4I
3!2

!615
-l-53 r 10

I
18-l 5

-I26 -l 5
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to make up a stock solution of 7O'/. PercoIJ. Phosphate

buffered saline 0.01Mr'u¡as then added to aliquots of the 7OY.

stock solution to generate solutions of varyi-ng concentrations

of Percoll. Samples of 1 ml- of four different concentrations

of Percoll were then layered on top of each other, starting with
the highest density, into I m1 siliconised test tubes. Numerous

gradients with varying composition were generated for example :-
(1). 35"/" 4O"/. -45"/. 5OT" percoll

(2). 45/. 47"/" -49'/" íLT" Percoll
( 3 ) . 45"/" 5o/" -55T" 60'/. Percoll
( 4 ) . 55"/" 60T. -65"/" 70"/" percolr

PerÍtoneal washouts, containing 2 4 x il:O7 cel-ls /2mL of

Hanks Balanced Salt Solution were then layered onto the gradients

and the cells centrifuged for 35 mÍnutes, at 500 g. Ce1ls were

collected from the interfaces of the gradlents, with a pasteur

pipette, placed into individual tubes and washed twice with
Hanks Balanced Salt Solution containing LO'/. FCS. Total

leukocytes in each cell fractlon were counted along with the

total number of eosinophils, (Tabl-e 3.2) .

AII attempts to separate eosinophils from the other cel1

types present in the peritoneal. washouts of infected mice \ryere

unsuccessful. Similarly density gradi-ents of 1 ml aliquots of

Fico1l ranging from 2.7'/. 5.5'/" were equa11y unsuccessful.

The macrophage population within the peritoneal cavity appeared

to be heterogeneous in size and density, such that these cell-s

contaminated every cel-1 fraction in all the gradient procedures

used. Prior'incubation of peritoneal cel1s in plastic tissue

culture flasks to remove adherent macrophages prÍor to density

gradient centrifugation failed to enrj-ch for eosinophils.



TABLE 3.2

Enrichment of eosinophils from peritoneal washouts of N. dubius

infected mice by density gradient centrifugation procedures.

Enrichment
Procedure

7" eosinophils
prior to
enrichment

7" eosinophils within
the fraction giving
maximum enrichment

Total cells
recovered (%)

Density
gradient on
Percoll 35
minutes 5009

3s%- s0%
Percoll
45%-5r%
Percoll
45%-607.
Percoll

55%-70"/"
Percoll

I
20% : 4/"

-I
24% ! 5%

I20%!4

20% - 4%

-l_
rL% - 3%

I
33% :- 4%

_l_

rL% ! 3%

24% - 7%

ND?K

83%

ltrD*

77%

Density
gradient on
2.7"/"-5 .5%
Ficoll, 50
minutes I24g

J-
Lg% ! 2"/"

-L
33% :- 5%

some enrichment
of eosinophils

¡94%

?k ND = not done
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3.4 ENRICHMENT OF POLYMO RPHONUCLEAR CELLS FROM

THE PERIPHERAL BLOOD OF N. dubius RESISTANT

MICE

The heterogencity of the macrophage cell population, made

the purification of eosinophils from the peritoneal washouts

extremely difficult. For this reason, it was decided to use

peripheral blood as a starting source for the enrichment of
eosinophils. Monocyte 1eve1s in the blood were 1ow, 6"/" t BT,,

making macrophage contamination less of a problem. A variati-on

of the procedure described by Boyum (1968), and later by

Ferrante and Thong, (1978), for the purification of human

peripheral l¡Iood polymorphonuclear cells was used.

Nlale LACA mice received two doses of 200 L3 iv,, one on day

O, and the other on day ]-4. Mice were pre-bled via the retro-
orbital plexus on day 2L (0.5 ml/mouse) and the blood discarded.

This pre-bleeding ensured a cleaner separation of eosinophils
after centrifugation. Peripheral blood was again collected on

day 24 j-nto lithium and heparin coated tubes. A number of
different densities of Fico11 400 containing Angiograffin and

Urovison were intially tested, and the following gradient proved

to be the most successfur. A density gradient of three steps

was prepared with a combination of Ficolf 400, Angiograffin,
urovison and sepalymph. The density gradient \¡/as composed of :-
Part A '.- a mixture of density 1.114 g/mI was established

using 10 ml of Angiograffin, 10 ml of Urovison

and 58.6 ml of LOY. Ficol1 400 in water.

Part B :- Part A (70 rnl) was diluted with 7.3'/" Ficoll,
until a density of 1.096 g/ml was obtained,

as measured on a hydrometer.

Part C :- Sepalyrnph, density 1.076 g/m1.

Firstly, 1.3 mI of part A, then 0.9 ml of part B, and finally
1.0 ml of part C were layered gently into an 8 ml siliconised



TABLE 3.3

Total and differential leukocyte counts of the ce1l types
present in the bands isolated from the gradient after centrifugation

Bands Differential counrs ( Z t SO. )
Monocytes Lynphocytes Neutrophils Eosinophils

1
I29:7 _l_

62 I8 Igr4I+I

-l-4:4

Ig-l 3

t5
I2I I

2

3

J-815 -L23!7 _l_60-5

5
-I89-8

Leukocyte counts ( + SD.)

Total number of
leukocvtes

Total number of
eosinophils

(1) 5. 3x10 6+.
-J

66+^-z

6+--t_

4 .2xT0

2.5x10

1. lxl0

I

I5

5+-4

(2) 4 .2x10 t
+(3) 1. 6x10

Results are expressed as a mean t standard deviation of 6 experiments



FIGURE 3.1

The enrichment of murine peripheral bl-ood eosinophils

on a density gradient.
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predominantly neutrophils
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glass tubes. Poo1ed peripheral blood (3mf ) r{7as diluted to 5 ml

in Hanks Balanced Salt Solution, layered gently onto the

gradient and centrifuged at 500 g. for 40-45 minutes at room

temperature. The resulting 3 bands on the gradient \Â7ere removed

separately with different PasËeur pipettes, and washed twice

with nedium 199. Differential leukocyte counts \À7ere performed

on cytocentrifuge samples stained with leishman's stain. Cell

viability vüas determined by trypan blue exclusion. Cell recovery

T,vas determined by counting in a haemocytometer before and after
centrifugation.

The data in Table 3.3 and Fig.'3.1 shows that three distinct
bands \^rere obtained at Lhe gradient interfaces after centrifug-

ation. The top band (band 1) contained predominately mononuclear

ce1ls, the middle band (band 2) contained mononuclear cells and

eosinophils, and the bottom band (band 3) contained neutrophils

with only a very small percentage of mononuclear cells. Red cells

\^rent through the gradient to the bottom of the tube.

The number of leukocytes loaded onto the gradient ranged from

1.08 x 107- 2.2 x t07 cells. After centrifugation 69%! Ll|% of

the total leukocytes, and more than 70% of the eosinophils were

recovered in the bands. CeI1 viability in all cases exceeded 95%.

The gradient resulted in a cell population containing

60"/. ! 5% eosinophils. In addition neutrophils were also enriched

by the procedure, such that a cell population containing

Bg% t 87. neutrophils could be routinely obtained (Fig . 3.2).

3.5 CONCLUSIONS

Procedures to enrich eosinophils from the peritoneal washouts

of N. dubius infected mice all proved to be unsuccessful, due to

large numbers of contaminating macrophages. However, density

centrifugation on Ficoll allowed separation of peripheral blood



FIGURE 3.2

Cyto centrifuge preparations
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leukocytes from infected mice into fractions enriched for

various ce1l types. Enrichment of both eosinophils and

neutrophils occurred, although some neutrophiLs were lost lnto

the red ce11 fraction before sufficient separati-on of the

eosinophi-Is occurred. A larger proportion of neutrophiLs with-

out any contamj-nating eosinophils could be obtained by shortening

the centrifugation time to approximately 30 minutes. The

simplicÍty of the procedure, resulted in minima1 cell Joss and

damage, enabling functional studies of the cells to be under-

taken.

The significance of pre-bleeding the mice two days prior to

collection of blood was not clear, howeyer pre-bleeding resulted

in a clearer separation of the eosinophils (Band 2) and the

mononuclear celI layer (Band 1). This may be due to à release

after bleeding of a more homogeneous eosinophil population into

the circulation.
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one approach to the role of various cell- types in immunity

to helminth infections has been to study Ín-vÍtro the adherence

of different ceI1s to the parasÍ.te surface, the effect this
interaction has on the viability of the parasite, and the factors
that promote this adherence. It has been shown in mice immunised

against N. dubius r âs a result of previous exposure to the
parasite, that a eharlenge dose of larvae is kilred followj_ng
penetration into the muscularis mucosa of the small intestine
(Chaicumpa et al., 7977>. Studies, both in=vÍtro and in-vivo
have implicated acti-vated macropþages as an effector cell in
this immunity (Chaicumpa et aI., Lg77; Chaicumpa and Jenkin,
1978 ) . Experiments in which miI-1-ipore chambers were implanted
into the peritoneal cavity of resistant mice, demonstrated that
only direct cell contact with the parasite cuticle resulted in
a decrease i-n larvar infectivity. The predominant ce11 assoc-

iated wÍth the larval cuticle in these experJ-ments was shown to
be the macrophage. unfortunatel.y, the role of other cetr types

in resistance has been largely ignored even though an increase

in the number of circulating neutrophils and lymphocytes as well
as macrophages occurred after a primary i-nfection of N. dubÍus.

Forlowing a secondary infection, there was a further increase

in these ceI1s, along with a sudden appearance of eosinophirs in
the circul-ation, suggesting an involvement of other celr types

apart from the marcophage in immunity to N. dubius. The folrow-
ing experiments were carried out to determine the relative role
of antibody and complement in promoting the adherence of
pol¡rmorphonuclear cel1s to the surface of the different stages in
the life cycle of N. dubius , and in particular to determine if
the factors promoting adherence of these ce11s d.iffered, depend-

ing on whether the cells \ryere obtained from normal mice r or mice

immune to re j-nf ection with this parasite.



4.2 IDENTIFICATION OF THE ADHERENT CELI] TYPES
.49

FROM THE ENRICHED EOSINOPHILS POPULATION

ADHERING TO'N.' dubius LARVAE

Polymorphonuclear cells were purified by density gradient

centrifugation from the peripheral blood of N. dubius resistant
mice, 10 days after a secondary immunising infection of 2oo L3

given intra-venously, t4 days after the primary infection.
The gradi-ent resulted in three bands. Differential ce11

counts on the bands showed that the top band contained predomin-

ately mononuclear ce11s. The middle band (Band 2) contained

63'/" t 3"/" eosinophils, 3OY. + 6"/" lymphocytes, and, 7"/. t 3"/.

monocytes (mean * one standard deviation), whi fsl the bottom

band (Band 3) consisted of 97'/" + 2% neutrophils, \"/. t Ly"

eosinophils and 2T. t L"/. lymphocytes. The immune serum used in
all- the experiments outlined in this chapter was col-l.ected from

mice, which had received four immunising infecti-ons of 200 L3

intra-venousl-y at 74 day interval-s. Mice were bled 10 days after
the last immuni-sation.

The eosinophil enriched celI population, unlike the neutro-
phil1 population, contained a significant proportion of
contaminating leukocytes. Therefore, a differential count was

performed on the cells from the eosinophil enriched population,

adhering to the parasite surface to ensure that the greater

proportion of celIs adhering were eosÍnophils. To two tubes

containing either 5OO sheathed L3, or 500 exsheathed L3 in VB2+,

were added 0.05 ml of N. dubius immune serum. Tubes were incubated

for 90 minutes at 37oC, after which time the larvae were washed

twice with 5 m1 of suppremented medium, and incubated. with 106

ce1ls, from the enriched eosi_nophil popul-ation in 0.2 ml of
supplemented medium for 60 minutes. After incubation a drop of
the suspension containing larvae and ce1ls were praced onto a

BSA coated sIide, and allowed to partially dry. An equal volume
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of Leishrnan's stain was tþen placed onto the drop of ]arvae

and lef t f or 1 minute. Finally à .oi"r s].ip was p]-aced on the

sride. The total- number of ce1ls adhering to each of at least
30 larvae per tuber âs wel-1 as a differential count of cell types

adhering per larvae was carried out under light microscopy

(1000x magnification). of the total number of celrs ad.hering

to the parasite surface, the majority (greater than gO./") were

eosinophils, with onry a minor proportion of rymphoctyes (z

8'/"), or monocytes (1 2'Á> (Table 4.L and Fig. 4.1). Figure
4.2 indicates that neutrophils from Band 3 were predominant cell
type to adhere to the surface of L3.

ADHERENCE OF EOSINOPHILS TO THE LABVAL AND ADULT

STAGES OF N. dubius.
4.3

To study the factors promoting the adherence of eosinophils
to the surface of the larval and adul-t stages of N. dubius,
(collected as outlined in Materials and Methods, sections 2.4

and 2.5) were first sensitised under various conditions as out-
1Íned below with freshly collected serum from either normal mj-ce,

or mice which had received four immunising infections of 200 LB

j-ntra-venously. To investigate the relative importance of
comprement and antibody in promoting adherence of eosinophils,
the medium used in this experiment contained both ca2+ and Mg2+

ions (a1lowing activation of complement by the classical or

alternative pathway). EGTA (permitting al-ternative pathway

activation only), or EDTA (preventi-ng activation of both pathways).

To six groups of 6 tubes, were added bOO worms of a

particular stage j_n the life cycle of N. dubius. Tubes in groups

1 to 6 received ej-ther sheathed L3, exsheathed LS , 48 hour , 72

hour, 96 hour post-infectj-ve larvaer or adul-t worms respectively.
The worms were suspended in either o.1 mr- of vg2+, or vg2*-¡lt¡,
or VB2+-EGTA, (two tubes per group for each dil-uent). To two

tubes in each of the groups containing worms suspended in VBz+



TABLE 4.L

Analysis of the different types of cells from the eosinophil

enriched cell population which adhere to N. dubius L3 sensitised
n-Lin VB'' with inrnune mouse serum.

Tvpe of cell

Number of adherent cells:k binding to

Sheathed L3 Exsheathed L3

Tota1 leukocytes

Monocytes

Lymphocytes

Eosinophils

J-65r11

-L5r2
J- -l-59 r r0 (91%)'

+
99 6

+
96 6 (e6%)

rtr
J-2I0

l_
ljl

+

:k mean number of ce11s/ larva ( t SO ) , determined by

differential celI counts. The celIs added to the larvae comprised

eosinophils (63% t Zl" ), lymphocyres ( 30% ! øZ ) and

monocytes ( 7 ! 3"L ).
* as a percentage of the total number of adherent cells.



FTGURE 4.L

Eosinophils adhering to the surface of

exsheathed L3 larvae.

(A) 100x magnification
(B) 400x rnagnification

(C) 1000x magnifciation
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FIGURE 4.2

Neutrophils adhering to the surface of

exsheathed L3 larvae.

(A) 100x magnification

(B) 400x magnification

(C) 1000x magnification
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were added 0.5 ml of either ifnmune serup or normal. serum. To

a further two tubes per group contair\ing worms suspended in
OL

VB.'-EDTA, were also add.ed 0.5 ml of either j-mmune or normal

serum. Finall-y, o.5 ml of immune or normal serum were added to
tubes in each group containing \ryorms suspended in VB2+-EGTA.

control tubes contained worms suspended in vB2+ in the absence

of serum (Tab1e 4.2). The contents of the tubes were mixed and

incubated at 37oC for 90 minutes with gentle agitation to allow

antibodies to bind and/or complement activation to occur at the

parasite surface. After this period of Íncubation, each suspen-

sion of worms were washed twice wjth 5 ml of supplemented medium.

To the washed larvae were then added O.25 ml of supplemented

medium containÍng l-06 eosinophÍ1s, purified from the peripheral-

blood of N. dubius infected mice, 10 days after a second immun-

ising infection of 20O L3. The tubes were incubated for a

further 60 minutes to a11ow cells to adhere to the parasite

surface. Aclherence of the cells was then scored, after staining
with Leishman's staj-n, by counting the number of adherent ce1ls

on 30 worms from each tube under light microscopy (1000x magnifi-
cation). The results a.re presented in Table 4.2.

No adherent ce1ls could be detected on larvae that had not

been treated with serum prior to the addition of eosinophils.

However, exposure of the parasites to normal serum in the presence

of ca2+/¡rlg2* (vg2+) promoted the adherence of a rarge number of

eosinophÍls to all the stages tested. The ability of normal

serum to promote ce11 adherence was completely abolished by the

addition of EDTA to the serum. However, normal serum containing

EGTA was as active as normal serum i., VB2+ in promoting adhesion,

although adherence in the presence of normal serum in EGTA-vg2*

\¡/as only studied using exsheathed larvae, and not the other

parasite stages (Data not in Table). A total- of 80t12 adherent

cells were counted after incubation of exsheathed L3 in normàl



TABLE 4.2

Adherence of eosinophils to the larval and adult stages of
N. dubius.

Number of eosinophilsrk attached to
Stage

tes ted larvae in

Uns ens itis ed Larvae sensitised with
Normal mouse

serum tn

Immune mouse

serum in
2+ 2+ 2+ 2+ 2+ 2+VB VB VB -EDTA VB VB -EGTA VB -EDTA

(r)
Sheathed L3

(2)
Exsheathed L3

(s)
96 h p.i.larvae 0

(6)
Adult worms

J
53:12

l_
90!14

+ +72 I3 36 I

0
J-II.40rr1 3B:L2 L4:6

0 73

0
I

73r8
I-l-0 70:6 69!6 -I23!7

+
0

0

0

0

_l_

77 lB

JI93:L4 8718

-LII92:_L3 85i 10 87 !L4

9
I

77:L3

I
75:13

Í3)n p.iïtarvae o
+

93 9

+83 I3

+67 16

_l_0 37!9

(4)
72 h p.i.larvae 0

J. mean number of adherent cells/ worm (t SO), determined by

toÈaI cell counts.

+ p.i. = post-infection

Figures in parenthesis represent group numbers.



.522+serum contalning YB -EGTA, compaTed with TB+g adherent celIs
on exsheathed L3 incubated in normal serum vBz+. since previous
studies had shown that arl. stages in the l-ife cycle of N. dubius

were capabl-e of aetivati-ng complement by the alternative pathway,

the adhesion of eosinophils to the various stages after sensiti-
sation in norma]- serum Vg2+-nCTA was not studied (prowse, Ey and

Jenkin, Lg79a). The number of ceJ_Is bound to the parasites
sensitised with immune serum in vB2+r oï in immune serum vg2*-
EGTA was similar to that observed with normal serum in vg2+. rn
contrast to normal serum in VB2+-EDTA where no cell,adherence
occurred, immune serum in VB2+-EDTI promoted the binding of a

large number of cel1s to the surface of the Iarval and adult
stages. This was clearly due to antibodies which had bound to
the surface of the parasites, since EDTA would prevent complement

act ivat ion .

The adherence of eosinophils to the surface of the different
Iarval and adult stages of N. dubius sensitised with antibody, but
not complement, ie: with immunc serum - EDTA showed a varied
pattern. The number of adherent cells present on the surface of
sheathed L3, post-infective 96 hour larvae and adurt worms was

great l-y reduced compared with the number of cerls adhering to
these stages after sensitisatj-on with immune serum - vg2*, or
immune serum - EGTA, ind.icating that complement was probably more

important than antibody in promoting adhesion to these stages

in-vitro. Irowever, the titre of specific antibody immune serum

agalnst the later stages in the life cyc fe of N. dubius maybe
reduced' compared with the earl-ier sta"ges. After primary immunj-s-

ation of mice, larvae from subsequent immunislng infections would

be killed soon after penetrating the intestinal mucosa and

muscularis, thus very few of the larvae would develop through to
the 96 hour or adult worm stage. Mice woul_d have only limited
exposure, to these later stages and therefore may not produce a.



high titre of specific antibod.y against these larvae, In ' 53

contrast, the number of ad,herent cells on the surface of ex_
sheathed L3 and post-infective 4g hour, and zz hour rarvae
sensitised with immune serum - EDTA was simirar to the number of
adherent cel1s on the surface of these particular stages after
sensitisation with immune serum _ VB2*. This would indicate
that adhesion to these stages courd be mediated as much by
speci.fic antibody, as by complement (normal serum _ Vg2*i Table
4.2) .

4.4 ADHERENCE OF NEUTROPHILS TO THE LARVAL AND ADULT
STAGES OF N. dubius

A sÍmilar experiment to that described in

infection of 2OO LB.

section 4.3 above
was repeated using neutrophils purified from the peripheral brood
of N. dubius infected mice 10 days after a second. immunising

As the data in Table 4.3 indicates, no
differences were observed in the pattern of adherence when compared
with the resurts obtained using eosinophils. rt seems, therefore
that both celr types can bind via Fc receptors and/or c3
receptors to the parasite surface.

TTTRATION ON NORMAL AND IMMUNE SERUM FOR THEIR AB
4.5

ILITY
TO PROMOTE ADHERENC E OF EOSINOPHILS AND NEUTROPHI LS
TO THE SIIRFACE OF EXSHEATHED I,3

To appreciate more fully the reJ-ative role of antibody and
complement in the aclherence of eosinophils and neutrophils to
N. dubius , a titration of the abÍrity of normal and immune serum
to promote adherence of polymorphonucrear cel1s to the surface
of exsheathed L3 was carried out in the presence of vB2+, yB2*-
EGTA, and ve2+-uoTe.

using the same protocol as the previous two experiments,
500 exsheathed LB were sensitised with various dilutions of
freshly collected N. dubius immune serum in the presence of VB2*,
VB2+-EGTA, and vB2+ -EDTA. To six groups of Z tubes containing



TABLE 4.3

Adherence of neutrophils to the larval and adult stages of

N. dubius.

Number of neutrophils>k attached to

Stage

tes ted

Uns ens itis ed

larvae in
Larvae sensitised with

Normal mouse

serum in

Immune mouse

serum in

VB
2+ 2+ 2+

VB VB _EDTA VB
2+ 2+ 2+

VB _EGTA VB -EDTA

Sheathed L3 0

Exsheathed L3 0

I
48 h p.i. '

larvae 0

72 h p.L
larvae

96 h p.i
larvae

Adult hTorms

_l_

101r 10
I

9L!L2

J
35!7

0

0

I
96!8

J
B8r 7

91

85

!a
-l_:10

-L
22!8

_l_

7 r!4

I
8rj 7

I
22!6

-l_
8r9

_l_

92-L5
-l- J-0 96110 8316

0
-l_99rll o ro7tt3 rogtg

II53:7 44:6

I
92:8

0

0

I
62:6 0

0
-r- -L3518 3lr5

tk mean number of adherent cells/

+ p.i. = post-infection
v/orm

I(:so)



FIGURE 4.3

Titration of normal and inrnune serr:m for their capacity
aJ-

to sensitise larvae in .the presence or absence of Cat-
n -!-

and Mg'' ions for the adherence of neutrophils or

eosinophils . Five hundred exsheathed L3 ( sus.pended in

0.1 ml aliquots) were incubated at 37 C with 0.1 rnl

aliquots of various dilutions of normal or immune serum

before being washed and, incubated with I x lO6neutrophils

(_o-o) or eosinophils (r-<), The incubation with
serum rnras carried out in Vg2*, plus, where indicated

10 nM EGTA or EDTA. Vertical bars represent SD.
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two fold dilutions (0,1 mI) of immune serum in VI'2* (groups '54

2.+ D)-
1 and.2), VB"'-EGTA (groups 3 and 4) or YB'I-EDTA (groups 5 and

6), were added 500 exsheathed L3 in 0.1 m]. of the same buffer

that the serum dilutions were made in. To a further two groups

contaÍning two fol-d dilutions (0.1 m1) of normal serum in Vg2+

were added 5OO exsheathed L3 in VB2+ (groups 7 and 8). The tubes

were incubated for 90 minutes at 37"C, after which time the

larvae were washed twice in 5 mI of supplemented medium.

Neutrophils (106) or eosinophils (106¡, purified from the peri-

pheral blood of N. dubius infected mice 10 days after a secondary

immunising infection of 2OO L3, were added to the washed larvae

in groups 1r3r5 and 7, or groups 21416 and 8 respectively. The

ce11s were incubated with the larvae for a further 60 minutes,

after which time 30 l-arvae from each tube were scored for adher-

ent cells as previously described. The results were similar with

each ceIl type. In all serum titrations a 5OT" endpoÍnt obtained

from the graphs in Fig. 4.3, represents the serum dilution result-

ing in 50 adherent ce11s per larvae. It can be seen from Fig.

4.3 that a similar result was obtained for normal serum in Vg2+

and immune serum in VB2+-EGTA. Both yÍelded a 1ow titre, the

50% endpoint occurring at a serum dilution of L /SZ, consistent

with the activation of compl-ement by the larvae via the altern-

ative pathway, which cannot function efficiently at serum

d,ilutions higher than about 1/SO, (Ey, Personal communication).

Similarly, immune serum in EDTA yielded only a Iow titre (5O'/"

endpoÍnt occurring at a serum dilution of I /tø¡ , suggesting that

antibodies specific for the parasite surface were limiting, and/

or that antibodies per se were not efficlent in mediating cel-I

adhesion. In contrast, immune serum in VB2t was highly efficient,

promoting the attachment of a large number of cells at a much

higher d.j-lution (5OT. endpoint was at a serum d.ilution of 7 
/ +OO) .

This result, compared to that with immune serum - EDTA, and
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immune Serum - EGTA, clearly demonstrated that the antibodies

which bound to the parasite were able to fix complement by the

classj-cal pathway, and thereby promote the adherence of cel1s

via C3 receptors. This conclusion is based on the findings that
^2+Ca- \üas required (the effect was not seen in EGTA) and that the

activity titrated out to about 7/+OO, both of which àre consj-st-

ent with the involvement of the classical pathway.

THE ABILITY OF AN IgG AND IeM IMMUNOGLOBULIN

FRACTION FROM IMMI]NE SERUM TO PROMOTE THE

ADHERENCE OF NEUTROPHILS AND EOSINOPHILS FROM

N. dubius RESISTANT MICE TO THE SURFACE OF THE

LARVAL STAGES OF THIS PARASITE

The experiments described in the previous sections demonst-

rated that antibodies could bind to the cutÍcle of N. dubius, and

in addÍtion, these antibodj.es promoted the adherence of eosino-

phils and neutrophils both via FclFc-receptor interaction or by

complement fi-xation and C3lC3-receptor interaction. The class

or classes of immunoglobulin involved in promoting adherence of

eosinophils and neutrophils were initially assessed using N. dubius

larvae sensitised with either an IgM or an IgG fraction from

N. dubius immune serum.

Worms from the different stages in the life cycle of N. dubius

were sensitised with either an IgM or an IgG fraction of immune

serum, obtained from serum collected 14 days after a fourth

Lmmunr-slng infection of N. dubius as outlined in (Materials and

Methods, section 2.!4).

To eight groups of 6 tuþes were added 500 N. dubius larvae

of à gi-ven stage, in 0.1 ml of VB2+ - EDTA. Groups 1 and, 2

contained exsheathed L3, groups 3 and 4 contained 48 hour post-

infective larvae, groups 5 and 6 contained 72 hour post-infective

larvae, whÍ1e tubes in groups 7 and B contained 96 hour post-

infective larvae. Furthermore, to tubes in groups 1r3r5 and 7
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were added two ford dÍlutions of an rgG fraction of N. dubius
immune serum (o.1 ml of) VB2+-EDTA, while tubes in groups 214,
6 and 8 received two ford dilutions of an reM fraction of
immune serum. After fractionation of immune serum, the rgG and

rgM immunoglobulin fractions, were concentrated to a level of
15 mg/mI of rgG or o.8 mg/ml rgMr âs measured by ELrsA assay.
These Ievels of immunoglobulin were used as the starting dilution
in the assay and were equivalent to that found in immune serum

prior to fractionation. The tubes were incubated for 90 mi-nutes

at 37"c after which time, the rarvae were washed in 5 m1 of
supplemented medium. Neutrophils (ro6) purified from the blood
of N. dubius resi_stant mice we re added to the washed larvae.
Cel1s were incubated wíth larvae for a further 60 minutes, after
which time, 30 larvae from each tube were scored for adherent
cells as previously described.

The experiment was then repeated using 106 eosinophil-s
instead of neutrophils, to assess the abil-ity of rgG and rgM to
promote eosinophil- adherence to the different larvaL stages.
The data in tr'ig. 4.4 indicates, that both eosinophils and neutro-
phils adhered in similar numbers to the larval stages of the lj-fe
cycle sensitised with the IgG fraction of immune serum. In
contrast, the IgM fraction of immune serum failed to promote the
a"dhesion of eosinophils and neutrophils to the cuticle of any of
the Iarva1 forms.

Adherence of eosinophils and neutrophils to exsheathed L3

via the rgG fraction of immune serum, yielded a low titre of
Iadherence('/4 5o"/" endpoint). The 5o'/" endpoint in this experiment

represents the serum dirution in the graphs in Fig. 4.4 which
resulted in half the maximum number of adherent cel-Is per larva,
(the maximum number of cells was obtained at a serum d.ilution of

-f

'/2 in all cases). Exsheathed L3 in general, when sensitised. with
the above immunoglobulin fraction obtai-ned from immune serum had



FIGURE 4.4

The ability of the IgG fraction from N. dubius immune

serum to promote the adherence of neutrophils (x- -x) and

eosinophils (e---<) to the surface of exsheathed L3, . 48

hour , 72 hour and 96 hour post-infective larvae. I^lhole

inrnune serum equivalent concentrations of IgG ( 15 mg/rnl )

hTas used in the assay. An equivalent serutn concentration of

IgM failed to promote adherence of cells.
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à lower number of adherent ce1ls on thej-r surface, when compared

to similar larvae sensitised with whole immune serum in VB2+-

EDTA, where binding is mediated by antibody alone. One explan-

ation for the decrease in the number of cells binding j.n the

presence of the IgG fraction, may be due to possible denaturation

of specific antibody fotlowing fractj-onation. The number of cells

ad.hering to the surface of 48 hour, 72 hourr oI the 96 hour post-

infective larvae was twice th'at seen to adhere to the surface of

exsheathed L3, àt a É dilution of IgG. The adherence titre of

IgG for these three post-infectlve larval stages, had a 5OT" end-

point at a dilution of 1-/8. ThÍs increase in titre, hâV indicate

an increase in the antigenic determinants against which specific

antibodies in the IgG immunoglobulin fraction were directed¡ or

alternatively for these post-infective stages, a change in the

antibody class mediating cel-I adherence may occur j-e: a pref er-

ential binding of IgG over IgM. Since both eosinophils and

neutrophj-Is apparently lack receptors for the Fc portion of the

IgM molecule, a preponderance of specific antibody in the IgM

class would act as a blocking antibody. Alternatively one might

argue that the IgM fraction l-acked parasite specific antibody.

However, this appears not to be the case, since IgM from

N. dubius immune serum has been shown to mediate adherence of

macrophages to the early stages in the life cycle of N. dubius

(Desakorn, 1983).

The predominant immunoglobul-in cl-ass within the IgG fracti-on

concentrated down from i-mmune serum was IgGl (15 mglml)' with

very tittle IEGZa (1.5 mg/ml) or IgGZb (0.4 mg/ml-) present as

measured by an ELISA assay. This corresponded to the levels of

these immunoglobulins in whole unfractj-onated immune serum. The

adherence observed in Fig. 4.4 may then be assumed to be mediated

via IgG1.

The IgG pool from immune serum was further fractionated on
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a Protein A Sepharose column by the method of Ey, Prowse and

Jenkin, (\978) (See Chapter 2), into an IgGZa and IgGZn immuno-

globulin fraetion, which were then concentrated to a level of

1.5 mg/m1 and 0.4 mg/mt respectively. These levels were equi-v-

al-ent to tlaat found in unfractionated immune serum, however at

this concentration the immunoglobulins were unable to promote

the adherence of eosinophils or neutrophils to the surface of

the parasites. This further implicated IgGl as the major immuno-

globulin class in promoting adherence.

4.7 THE Fc RECEPTOR SPECIFICITY OF EOSINOPHILS AND

NEUTROPHILS FROM N. dubius RESISTANT MICE

The inability of neutrophils, and also eosinophils to
adhere to the surface of N. dubius in the presence of immuno-

globulin classes, other than IgG, may reflect either an absence

of parasite specific antibody in these immunoglobulin classes,

or alternatively the Fc receptor(s) of eosinophils and neutro-

phils from N. dubius resistant mice may bind IgGl in preference

to the other immunoglobulin classes. However, Lopez et al.,
(1981), demonstrated by using sheep erythr'ocytes coated with

monoclonal anti-erythrocyte antibodies of various different iso-
types, that murine polymorphonuclear ce11s ingested more eryth-

rocytes sensitised with t*OrO than they did when erythrocytes

\ryere sensitised with IgGt, making the latter suggestion unlikely.

In their studies, erythrocytes were coated with different dilut-

ions of monoclonal antibodies of different isotypes and rosette

formation, and phagocytosis assessed. However, as pointed out

by the authors, it sti11 remains uncertain whether the observed

differences were as result of a. greater amount of the IBGZ.

monocLonal antibody, binding to the erythrocytes compared with

rgcl.

Since eosinophils and neutrophils from N. dubius resistant
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mice were shown in the previous experi-ment to bind. to the

surface of N. dubius parasi-tes, via an IgG fraction of Ímmune

serum, it was of interest to determine whether these cells from

resÍstant miee lacked receptors for immunoglobul-in classes other
than IgG' to explain the lack of adherence seen in the presence

of trBGr, or:trgc2b. In the following experiment, the ability of
eosÍnophils and neutrophils from N. dubius resistant mice to
ingest antibody coated sRBC was assessed by a modification of
the method of Lopez et al., (1981). Erythrocytes were sensitised
with just less than one haemagglutinating dose of anti SRBC

antibody representing the isotypes rgG1, r3Gza, rgG2b, and rgM,

To 1.0 ml of an O.5'/" suspension of SRBC was added 1.0 ml of a

suitable diLution of anti SRBC antibody of a given isotype.
The mixtures were incubated for 30 minutes at room temperature

after which time, the red cerls were washed in basic medium, and

l:e-srlspended to a concentration of 5x107 SRBC/mI. Antibody

coated erythrocytes, in 0.1 ml of basic medium, \ryere then added

to 8 groups of 4 siliconised test tubes, groups 1 and. 2 received

SRBC sensitised with IgG1, groups 3 and 4, those sensitised with
IgGZn, and groups 5 and 6 erythrocytes sensitised with IgG2^,

whÍle groups 7 and 8 received those sensitised with IgM.

NeutrophÍIs, (5x104) in 0.1 mr of basj-c medium were then added.

to the tubes in groups 1,315 and.7 and eosinoptrils (bx1O4) to
tubes in groups 2,4,6 and 8. Control tubes contained unsensit-
ised sRBc in the presence of eosinophil-s or neutrophi3-s. The

tubes were gently centrifuged at 100 g for 2 minutes. one tube

from each group was removed at times 10,20130 and 40 minutes

after incubation at 37oc, and the ce1ls in each tube gentl-y re-
suspended. Cytocentrifuge preparations were nade of the

suspension and stained with Lei-shman's stain. The percentage of
cerls having ingested one or more red ceIIs, were then counted

under light microscopy (10O0x magnifÍcation), a minimum of 2OO



TABLE 4.4

Percentage of eosinophils and neutrophils having ingested

antibody coated sheep red blood cells after varying times

of incubation.

Incubation time (minutes)

Indicator cel1s
sensitised with

Effector l0 ?0 30 40
cells

% cells inqestins SRBC t SP.

rgGza

ÍEG z^

rgM

unsens itised
cells

neutrophils

eos Lnopnr Is

neutrophils

eosinophils

neutrophils

eosinophils

neutrophils

eosinophils

neutrophils

eos inophils

-l-
7 6:8 -L66: l0

I
L2:6

lgGt
-l_

29!6
I

9-3

I
B!2

-I
13r 3

-I2!r

+
4 2

_l_

l-7:3

I
26!5

-L7:3

J
3lr 5

I
33-lB

l_
6-3

1 3

-l-
36:g

_l-
3tr 3

+

I
20! 6

ttt
_t_

53-9

25

I3rl
5

2 2

t
+

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Results expressed as mean t standard deviation of three

different experiments .
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polymorphonuclear ceIIs per field Were sco'{ed for the nurqber

of ingested erythrocytes Table 4.4, The resul.ts in Tabte 4,4

represent the mean * one standard deviation of the count from

three separate experiments. For the time points above, the

majority of polymorphonuclear cel-ls j-ngested onry one erythro-
cyte, very rarely were there more than one erythrocyte per

polymorphonuclear ce11 .

No ingestion was observed of IgM coated or unsensj-tised

erthrocytes in control tubes by eosinophils or neutrophil-s,

during the period under study. For the other immunoglobur.in

isotypes tested, 20-30 minutes incubation Tesulted in maximum

detectable phagocytosis, with neutrophil-s being far more effic-
ient at ingesting antibody coated erythrocytes than eosinophils
at al-I time poi-nts assayed. Erythrocytes coated with IgGr,

IEGZ'T or IgGZb were ingested by both ce11 types, indicating
the presence of Fc receptors capable of binding these immuno-

globulin i-sotypes. The longer incubation tj-me of 20-30 minutes

contrasts to that reported by Lopez et a1., (1981¡, who showed

that phagocytosis of opsonised red ceIls by polymorphonuclear

cells was at a maximum, after only 5 minutes,

4.8 CONCLUSIONS

Eosinophils and neutrophils, purified by density gradient

centrifugation from the blood of infected mice resistant to
re-infectj-on, were tested for their ability to adhere to the

different parasj.tic 1arval stages of the murine nematode parasite

Nematospiroides dubius. cel1s were tested for adherence to
larvae, which had been sensitised with immune serum or normal

serum in the presence of Ca2+ and Mg2+ ions, EDTAr or EGTA.

DÍfferences were observed in the degree of cell adherence to the

different stages of the parasite. However, the adherence of the

two ceIl types to any given stage of the parasite was sÍmilar.
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Adherence to the sheathed infective third-stage (L3) larvae,

96 hour post-infective larvae and to adult \ryorms depended to a

Iarge degree on condj-tions suitabl-e for compl-ement activation
(ví2. fresh serum and the presence of Ca2+ and Mg2+ ions).

Complement was activated both via the alternative pathway by the

parasite itself and via the classical- pathway by parasite-bound

antibodies. In these conditions, ce11 adherence probably

occurred predominantly through the interaction of leukocyte C3

receptors with parasite-bound C3. In contrast, adherence of

cel1s to exsheathed L3 and to the 48 hour and 72 hour post-

infective larval stages appeared- to involve antibody/Fc receptor

as well as C3/C3 receptor interaction. The data indicate that

N. dubius may undergo a series of antigenic changes during its

Life cycle and that antibodies capable of mediating granulocyte

attachment are eLicited predominantl-y against the early tissue

developmental- forms of the parasite.

Finally, the antibody class mediating ce11 adherence in

immune serum appears to be IgG1. Eosinophils and neutrophil-s

from resistant mice were capable of ingesting IBGr, or IBGZb

eoated erythrocytes, therefore these cell-s have Fc receptors

for immunogl-obulin classes other than IgG1. The lack of

adherence to N. dubius in the presence of IgGZa or IgGZb from

N. dubius immune serum may reflect an absence of parasite

specific antibody in these isotypes.
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5.1 INTRODUCTION

Mice gj-ven a single infection of N. dubius devel-op a

partial resistance to reinfection characterised by their

ability to ki1l approximately 5O"/" of a subsequent challenge

dose of infective larvae (Prowse, Ey and Jenkin, 1-978a).

After a second immunising infection, mice develop an increased

resistance, such that they can kil-L at l-east 9OT, of the larvae

from a subsequent chal-1enge infection. During the development

of immunity the number of lymphocytes, monocytes and

neutrophils increase in the peripheral b1ood. In particular,

following a second infection, there is a sudden appearance of

eosinophils in the circulation and the peritoneal cavity,

coinciding with the time that the mice develop fulL resistance

to reinfection. Previous data indi-cated that macrophages from

immune mice were able to damage Ín-vÍtro third st age larvae of

N. dubius r âs measured by a loss of infectivity (Chaicumpa and

Jenkin, 7-978), however the precise role of polymorphonuclear

cells in immunity is unclear.

The data in the previous Chapter indicated that eosinophils

and neutrophils \À¡ere capable of adhering to the surface of

N. dubius larvae , via both antibody and complement dependent

mechanisms. The work outlined in this Chapter assessed the

ability of eosinophils and neutrophils in-vitro to impair the

infectivity of exsheathed L3 under different serum conditions.

THE EFFECT OF INCUBATING NEUTROPHILS AND EOSINOPHILS

FROM RESISTANT MICE FOR DIFFERENT PERIODS OF TIME WITH

EXSHEATHED L3 IN TIIE PRESENCE OF IMMUNE SERUM ON THEIR

INFECTIVITY

Initially experiments were carried out to determÍne the

optimal time of incubation requÍred for polymorphonucl-ear

ceI1s from immune mj-ce to produce an effect upon larva1

infectivity.

5.2



TABLE 5.1

Effect of incubating poly-urorp honuclear cells from N. dubíus

resistant mice for varying periods of time with exsheathed L3

in the presence of iurnune serum on their infectivity.

Time of incubation ( hours )
Serum

added

Cel1s

added

0 24 48

cyst counts t sl

None

Inrnune
serum

Immune
serum

Iumune
Serum

None
(1)16a1 s Q)¡¡.,st s (3)rs+t 

10

None
(a) rsr t 6 (s) r4e t B

NeuËrophils (6) rss t o (7) og t ro

eosinophils (8)r+r t e (e) zs t a

Figures in parenthesis represent group numbers.

Group 4 vs. 6 and 8 P> 0.05 not significant
Qroup5vs.Tand9 P<0.05

( rur test of Mann and lÍLritney )
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Nine groups of 5 tubes were set up coptaining 2OO

exsheathed L3 in 0.2 mI of supplemented medium. To tubes in
groups 4 and 9 were added 0.05 ml of immune serum. Control

groups Lr 2 and 3 received 0.05 mI of medium alone. After
incubation at 37"C for 90 minutes, 106 neutrophils in 0.2 ml

supplemented medium were added to groups 6 and 7, while 106

eosinophils were added in a similar quantity of medium to

tubes in groups 8 and 9. Control groups 4 and 5 recej-ved O.2

mI of supplemented medium alone. The tubes in groups 2, 4, 6
u¡L,le f*l'es 3, 5- ? a-a q w¿tÊ- ,-*\"ÞdÇ'-¿{ÊG

and B were incubated for à further 24 hours^r after which time

the contents were fed to mice and cysts counted 6 days l-ater.

The data in Table 5.1 indicates there was no loss of

infectivity of unsensitised larvae, or immune serum sensitised

larvae. In contrast the infectivity of larvae was significantÌy

reduced, following incubation with either eosinophi-1s or

neutrophils in the presence of immune serum over a peri-od of

48 hours, but not 24 hours. Therefore in the following experi-

ments 48 hours was chosen as the standard incubation time.

3 THE CAPACITY OF EOSINOPHILS OR NEUTROPHILS FROM

MICE INFECTED WITH N. dubius TO IMPAIR THE

INFECTIVITY OF EXSHEATHED L3

Neutrophils and eosinophils, isolated from the blood of

mÍce resj-stant to reinfection by N. dubius were assessed for

their ability to damage and impair the infectivity of exsheathed

larvae in-vitro. In all the following experiments, exsheathed

larvae v¡ere used. Furthermore, ce11s and serum were always used

fresh within 3-4 hours of collection.

To determine the minimum number of cells required to

damage and impair the infectivity of exsheathed larvae in the

presence of immune serum, the followj-ng experiment was carried

out. Seven groups of five tubes each were set up. The tubes,

containing larvae (200L3) in 0.2 mI of supplemented medium

5
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plus 0.05 mI of N. dubius irnmune serum were incubated at 37oC

for 90 minutes, to all-ow for complement activatÍon and also

antibody binding to the parasite surface. To each tube in
groups 1-4 were then added 0.2 ml of supplemented medium

containing either 103, 104, 105 or 106 neutrophiLs which had

been obtained by the method reported in Chapter 3. To groups

5-7, 103, 104, 105 or 106 eosinophils were added respectivety.

The suspensions \Mere incubated for a further 60 minutes, to

a1low cells to adhere to the larval surface. Finally 5 ml of

supplemented medium were then added, and the incubation

continued for a further 48 hours. Control. groups in the

experiment contaj-ned exsheathed larvae elther al-one r or larvae
plus immune serum in the absence of cells r or larvae plus 106

eosinophils, or 106 neutrophil-s in the absence of serum. The

control tubes were incubated for the same period of time as

the experimentals. f,oss of infectivÍty of larvae was assessed

after 48 hours, by feeding the contents of the tubes from the

different groups to naive mice and counting encysted larvae in
the intestinal wal1 6 days later. The results in Table 5.2

show that neither immune serum nor cells alone, had any effect

on the infectivity of the larvae. However, both neutrophils

and eosinophils in the presence of immune serum damaged the

larvae as measured by a loss of infectivity. As few as LOA

neutrophils or 105 eosinophils added to 200 L3 were capable

of damaging the l-arvae, although the greatest effect was

achieved using 106 celIs. Accordingly, unless otherwise stated

in the text, 106 ceIls \ryere used in all of the following

experiments.

5.4 SERUM FACTORS INVOLVED IN THE KILLING OF EXSHEATHED

L3 BY POLYMORPHONUCLEAR CELLS

The data in Chapter 4 indi-cated that both antibody and

complement promoted the adherence of eosinophi-Is and neutrophi3-s



TABLE 5.2

The ability of eosinophils or neutrophils

to impair the infectivity of exsheathed

presence of immune serum.

from infected mice

N. dubius L3 in the

Number of cells

added

None (control)

1x10 3

lx10 4

1xl0 5

1x10 6

Type of cell added

Eosi hils Neutrophils
I

mean cyst count r SD.
êr-.¡-Y 164 ! 6 (153 1J)rt

Not done

J-
L54 : 13

J-109!7lf

.L99!71þ

I
L47 ! L4

-r- JLr18!gt

1 x 1061 no rMS ) 169 t 5x*

I96:10 lf

I83jt3il

169 t 5**

$ t ¡ incubated in medium alone

* L3 incubated in medium along with IMS

*rk L3 incubated with cel1s in the absence of IMS

ll P vs. control group * (fS¡ t 5) < 0.05 ('U' test of Mann and.

llhitney )
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to the surface of N. dubius J.arvae and adult worms' Further-

more the previous results (Section 5.2) showed that these

ce1ls \{ere al-so capabl-e of killing exsheathed larvae in-vitro

in the presence of fresh serum from mice immune to N. dubius.

To determine whether both antibody and or complement were needed

to promote damage to the larvae by polymorphonuclear cell-s, the

following experiment was carried out, Ten groups of 5 tubes

containing 200 exsheathed L3 in O.2 mI of supplemented medium

were set up. To tubes in groups 1 and 2 were added 0.05 ml of

fresh N. dubius immune serum , to tuþes in groups 3 and 4' 0.05

m1 of fresh normal serum, while to tubes in groups 5 and 6,

0.05 ml of heat-inactivated immune serum. Control groups 7 to

10 contained respectively, either larvae aloner or larvae in

the presence of (a) immune Serum, (b) normal serum, or (c) heat-

Ínactivated immune serum.

The protocol for this experiment was essentially similar

to the previous one. To groups 1, 3 and 5 were added 106

neutrophils, whilst to groups 2, 4 and 6 \,vere added 106

eosinophils. After 48 hours incubated at 37oC, the contents of

the tubes \ryere fed to mice and the viaþíIity of the larvae

assessed from cyst counts on day 6. The data in Table 5.3 shows

that neutrophils can impair the infectivity of exsheathed larvae

in the pïesence of specific antibody and complement (immune

serum), or complement alone (normaL serum) ' but not in the

presence of specific antibody alone (heat-inactivated immune

serum). Eosinophils in contrast, required the presence of both

antibody and complement for maximal effect. However, eosinophils,

like neutrophils were unable to damage and j-mpair the infectivity

of larvae in the presence of antibody alone.



TABLE 5.3

Analysis of serum requirements for the in-va_tro. damage of
exsheathed N. dubius L3 by eosinophils or neutrophils from
infected mice.

Cells added

Serum added 6 6None Neutrophils (r0 Eosinophils (10
+mean cyst counts SD

None (control) (7)
-l_I52 - 10

Inrnune s erum

Normal serum

Heat- inactivated
immune serum

(e) (3) ' :

-l-' J-149-10 91r8

(8)

( 10)

(1)

(s)
L47

(2)_l_

138 - 10
J.75r13 +L07 13

l-13I-5

J-L47-s 5t

(4)

(6)
L47 +

5

Eigures in parenthesis represent group numbers

Group 8 vs. groups 1 and 2 p<0.05

Group 9 vs. groups 3 and 4 p<0.05

Group 10 vs. groups 5 and 6 p>0.05 not sígnificant
C rur test of Mann and I,rlhitney )
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EFFECT ON THE INFECTIVITY OF EXSHEATHED L3
BY A COMBINATION OF EOSINOPHILS AND NEUTROPHILS

Enriched populations of eosinophil-s and neutrophils were

capable of damaging and impairing the j-nfectivity of larvae,
provi-ding antibody and/or complement were present in the assay.

Histopathological studies (Jones and Rubin, IgZ4) have shown

both cel1 types to be present and associated with encysted

larvae withi-n the intestinal muscularis mucosa of N. dubius

resistant mice. It was therefore decided to try a combj-nation

of these two cel1 types in an in-vitro larvicidal assayto
determine whether an enhanced reduction in Jarval infecti-vity
could be achieved. Fj-ve groups of 5 tubes were set up containing
2oo exsheathed L3 in o.2 mr of supplemented medium. To tubes

in groups 2r 3, 4 and 5 were added 0.05 mI of fresh immune

serum. control group 1 received 0.05 ml of medium a1one. After
Íncubation at 37oc for g0 minutes to allow for the binding of
atrtibody and complement activation at the parasite surface,

106 eosinophils in 0.2 ml of suppremented medium were added to
tubes in group 3, while tubes in group 4 received 106 neutrophils.
Tubes in gï'oup 5 received a" combination of 5 x 105 eosinophils,
plus 5 x 10" neutrophils in 0.2 ml of supplemented medj-um.

Control groups 1 and 2 contained larvae in medium al-one r or
l-arvae plus immune serum respectively. The tubes \{ere incubated

for a" further 48 hours, after which time the contents were fed

to mice and the cysts counted in the intestinal wa1l 6 days

later. The data in Table 5.4 i-ndicates that whil-st enriched

popurations of either neutrophils or eosinophils were capable

of damaging exsheathed larvae in the presence of immune serum

to a sj-gnificant degree, tro enhancement of damage occurred when

à combination of eosinophils and neutrophils were used in the

larvicidal assay.



TABLE 5.4

Larvicidal activity of neutrophils and eosÍnophils, or a

combination of both cell types in the presence of fresh

imrnune serum

Cells addedSerum

added 6None Eosinophils (10 ) Neutrophils (106) Eosinophils +
Neutrçrphils

(SxtO5ot each)

mean cyst äounts t so

None

Inrnune
serum

(1)
165 7

+

(2) r (3) -L160r3 L32 l6
(4) r
11615

(5) r
L2L - 5

Figures in parenthesis represent group numbers

Group 1 vs. groups 3, 4 and 5(P 0.05

Group 2 vs. groups 3, 4 and 5(P 0.05

('U' test of Mann and lfhitney )
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EFFECT OF PERIPHERAL BLOOD ITYMPHOCYTES AND

MONOCYTES ON LARVAL INFECTIVITY

To eliminate the possibility that contaminating lymphocytes

in the polymorphonuclear ce1l populations were capable of
mediating damage to exsheathed larvae, an in-vitro larvicidal-
assay was carrj-ed out usJ-ng cells f rom Band 1, f rom the

density gradient described in Chapter 3. Cel1s were purified

from the periph eral- blood of N. dubius infected mice 'bY
density centrifugation. Cells from Band 1 aqd also Band 3,

\ryere compared in regard to their larvicid.al activity in the

presence of normal and j-mmune serum. The ce1l population in
Band 1 consisted of 3O"/. ! 8T, monocytes, and 64"/" + 97. lymphocytes.

The ce11 population in Band 3 consisted of 97"1, t Ll" neutrophils,

2"/" + !1" lymphocytes, and 7/. + 1% monocytes. Seven groups of

5 tubes were set up containing 200 exsheathed larvae in 0.2 mI

of supplemented medium. To tubes in groups 1 3 were added

0.05 ml i-mmune serum, and to those j-n groups 4 61 0.O5 ml

of norma"I serum. After incubation at 37oC for 90 minutes, 106

neutrophils in 0.2 ml supplemented medlum (Band 3 cel1s) were

added to groups 3 and 6, while 106 lymphocytes and monocytes

in 0.2 m1 of supplemented medium (Band 1cell-s) were added to

groups 2 and 5. Control- groups 1 and 4 contaj-ned larvae plus

immune serumr or normal- serum respectivel.y. The tubes were

incubated for à further 48 hours, after which the contents were

fed to mice, and cysts counted 6 days 1ater.

The data in Table 5.5 indicates, that lymphocytes and

monocytes from peripheral blood, at a concentration far

exceedi-ng the leve1 found to contaminate the polymorphonuclear

cel1 populations used in the experiments described in this
Chapter, \ryere unable to impair the infectivity of N. dubius

larvae in-vitro Ín the presence of antibody and/or complement.



TABLE 5.5

Larvicidal activity of cells derived from Band 1 and Band 3

after centrifuging peripheral brood from N. dubius infected
mice on a density gradient

Serum added None Band 1* Band .3*

6l0 cells added

mean cyst cou:rts t So
ftmnune
serum

Normal
serum

None

5t9

(1)
I6

(4)
l6

rQ)r1r20 L42:L2

r (5) -!3:r2 148:15

(3 )
8

(6) rr00:7

(7)
-L165 - 10 ND ND

ND : not done

* Band 1 conrained ,307. ! a"L monocyres , 64% ! gz lymphocyres
' 

L% t fZ neutrophils, and 5% t 37" eosinophils
>k Band 3 contained 2% ! 17" lymphocytes , !% ! tZ monocyres

and 9 7% t 17. neutrophils

Figures in parenthesis represent group numbers

Group 1 vs. group 3 P<0.05

Group 1 vs. group 2 P>0.05 not significant
Group 4 vs. group 6 P<0.05

Group 4 vs. group 5 P>0.05 not significant
Group 7 vs. groups 3 and 6 P<0.05

( 'U' test of Mann and I^Ihitney )
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IMPAIRMENT OF LARVAL INFECTIVITY BY NEUTROPHILS

FROM MICE EITHER INFECTED WITH N. dubius OR FROI\{

NORMAL MICE

In view of the ability of neutrophils from immune mice,

which had received two immunisi-ng infections of N. dubius to

impair the infestivity of exsheathed L3, it \ryas of interest
to determine whether neutrophii-s with larvicidal activity arose

after a primary infection, and also to determine if neutrophil.s

from normal mice also possessed larvicidal properties.

Using the same experimental procedure as before, 13 groups

of ,5 tubes \ryere set üp, each containing 200 exsheathed L3 in
0.2 m1 of supplemented medium. To groups 1, 4 and 7 were added

0.05 mI of normal serum, to groups 21 5 and 8, O.05 m1 of Ímmune

serum, while to groups 3, 6 and 9, O.O5 ml of heat-inactivated

immune serum. Finally after 90 minutes incubatlon at 3?"C, 105

neutrophils f rom normal mj-ce Ìvere added to groups 1 3, 105

neutrophils harvested from mice 10 days after primary infection
of N. dubius \ryere added to groups 4 6, and to groups 7 I
\'¿ere added 105 neutrophils from the peripheral blood of mice

10 days after a second immunising infection of . dubius larvae.

Control groups 10 13 contained larvae incubated Ín the presence

of medium a1one, normal serum, immune serumr or heat-inactivated

serum respectively.

Based on cyst counts on day 6, fol.lowing the feeding of the

contents of the tubes to naive mice (Tabl-e 5.6), it was clear

that neutrophils from both groups of immunised mice, damaged the

larvae when incubated together in the presence of immune serum,

normal serum, but not when incubated in heat-inactivated immune

serum. In contrast, neutrophils from normal- mice caused no

reduction in cyst numbers in the presence of immune serum or

normal serum.



TABLE 5.6

Comparison of the larvicidal properties

uninfected and primary, or secondary N

of neutrophils from

dubius infected mice

Neutrophils added ( 105per tube )Serum added

added None Normal lx infected 2x infected

mean cvst count t So

None

Normal
seruln

Immune
serum

Heat
inactivated
immune serum

(10)
15

(11)
15

J-
5!9

7t2
J

7!g
Jgl5

(8) r_
82:7

(5) ,

86T3

5t

(1) ,

154T3
(4)

9
(7)

9

(9) r
t64!4

(L2) r_ Q) _,-
L67 r3 141!9

(13) + (3) rL64!4 161:5
(6)
L66

Figures in parenthesis represent group numbers

Groupll vs. groups 4 and 5 P :,0.008

Group 12 vs. groups 5 and 8 P = 0.008

Group 13 vs. groups 6 and 9 P>0.05 not significant
Group 11 vs. group I , and group 12 vs. group2 p>0.05

(_tU' test of Mann and l^lhitney )
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Since it was difficult to purify neutrophils in sufficient

quantities from the peripheral blood of normal mice, a lower
Ã

number (10") ce11s/tube were used. It could be argued, t]rlat

if one had used 106 neutrophil-s f rom normal- mice per tube,

some effect on the larvae may have been observed. Nevertheless,

it is clear that as a population, neutrophils from mice

infected with N. dubius have a greater larvicidal potential than

those obtained from normal mice.

THE TIME OF APPEARANCE OF NEUTROPHIITS ABLE TO

IMPAIR THE INFECTIVITY OF N. dubius L3 IN MICE

INFECTED WITH N. dubÍus

The following experi-ment was carried out to determine the

time of appearance of neutrophils in the peripheral blood

capable of damaging exsheathed L3. Two groups of 25 mice were

given a primary infection of 200 L3, and 14 days later a

secondary infection. One of these groups was to be bled for
neutrophil-s, 2 weeks after the secondary infection, and the

other after 6 weeks. A further five groups of mice were given

a primary infection of 200 L3, and one group of mice bled on

the day of infection, or days 21 4r T and 10, after infection.
The experiment was arranged, such that irrespective of the

time lapse between the challenges, al-l groups of mice were bled

on the same day. Seven groups of five tubes were prepared

representing the seven groups of mice.

To each tube were added 200 exsheathed L3 i-n 0.2 m1 of

supplemented med.ium, 106 neutrophiJ-s in a simil-ar volume and

finally 0.05 ml of freshly-collected immune serum. A control

series of tubes contained larvae in the presence of j-mmune

serum, but without ce11s. Fol.l-owing the experimental design

previously outlined, the contents of each tube \{ere incubated

for 48 hours at 37oC and then fed to mice, which were killed 6

days later for cyst counts. The number of cysts present in
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anj-mals that had been fed latvae, Which had been in contact

with neutrophils, is expresged in Figure 5,1 as a percentage

of those observed in mice fed larvae from tubes containing
supplemented medium and immune serum alone (no cell-s), rt is
clear from the data, t)¡'at neutrophils able to impair larval
Ínfectivity vrere present in detectable numbers within 4 days

of a prÍmary infection.

EFFECT OF NEUTROPHILS FROM MICE INFECTED ITITH

SALMONELLA enterit idÍs llRX ON THE INFECTIVITY
OF N. dubius L3 IN-VITRO

Neutrophils from N. dubius infected mice, compared with
those from normal mÍce, were capable of i-mpairing the infectivity
of L3 in-vitro. fntra-peritoneal- immunisation of mice with

l1RX has been reported to result in a peritoneal

5.9

S. enteritidis

celr population, also capabre of impairing the infectivity of
N. dubius L3 in-vitro (Chaic umpa and Jenkin, 7978). Infection
with S. enteritidis 11RX gives rise to a populatj-on of activated
macrophages, which were thought to be responsible for the

in-vitro larvicidal activit y reported above. However, neutrophils
present within the peritoneal- washouts of S. enteritidis 11RX

infected mice may also be j-n a-tstimulated' state and therefore
may also have contributed to the results obtained by Chaicumpa

and Jenkin, (1928). To assess whether an unrelated infection
with S. enteritidis 1lRX was capable of inducing rstimulated'

neutrophils and larvicidal activity, the following experiment

\ryas carried out.

Neutrophils were purified from the peripheral blood of
mice 8 days after an intra-peritoneal ínjection of 105

S . enteri-tidis 11RX. Eight groups of 5 tubes were set up

containi-ng 2oo exsheathed L3 in 0.2 ml- of suppremented medium.



FIGURE 5.1

The appearance in infected mice of 'stimulated' neutrophils

capable of impairing the infectivity of exsheathed L3.

Neutrophils were isolated from the blood collected at the

times indicated after a primary or a'secondary infection

with 2OO L3. the cells (106 per tube) were ineubated in-vitro

with exsheathed L3 in the presence of irmnune serum. The

number of surviving larvae, measured as day 6 eyst counts,

in each group is depicted as a percenËage of that observed

for larvae incubated in inrnune serum in the absence of ce1Is.

Vertical bars represent t standard deviation.
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TABLE 5.7

Effect of neutrophils from mice infected with S. enteritidis IIRX

on the infectivity of N. dubius L3 in-vitro

Serum

added

Cells added

5None Neutrophils (5x10 )
J-

mean cyst counts : Sn

None

Normal serum

* rnrnune--serum

Heat- inactivated
imrnune serum

(r)
153 +

15 7
+(s)

163

(2> -r
L64 - 13

(3) ,

158T6

(4) r163:7

(6) J_
L22 r 13

(7)
11

I7:- 10

(8)
ls5 +

15

Figures in parenthesis represent group numbers

Group 2 vs. 6 P<0.05, Group 3 vs. 7 p<0.05, Group 4 vs. 8 p>0.05

('Ut test of Mann and i^Ihitney )
tl T.ma¡¡¡61 Se.rrar {.o- nrCC- r-ãu^g- ìo ì-l .cL-..\r.os
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To tubes in groups 2 and 6 were ¿dded 0.05 ml o{ normal serum,

and to those in groups 3 and 7, O.05 ml of normal serum, whilst

to groups 4 and 8 were added 0.05 ml of heat-inactivated immune

serum. After incubation at 37"C for 90 mì-nutes, 5 x 1O5

neutrophils from S. enteritidis 11RX infected mice in O.2 mL

of supplemented medi-um were added to tubes in groups 5, 6 , 7

and 8. Control groups 1, 2r 3 and 4 received O.2 ml of medium

a1one. The tubes \ryere incubated for a further 48 hours, after
which the contents were fed to mice and cysts counted 6 days

later.

The data in Table 5.7 indicates that immunisation of mi-ce

with S. enteritidis 11RX. which is known to activate macrophag€sr

al-so resul-ted in the appearance of neutrophils in the peripheral

blood with larvicidal- activlty. This activity being expressed

only in the presence of antlbody and/or compl-ement. Thus the

appearance of neutrophils having an increased larvicidal activity
is not a unique phenomena, associated with N. dubius infection.

5.10 THE TIME OF APPEARANCE OF NEUTROPHILS ABLE TO II\'IPAIR

THE INFECTIVITY OF N. dubÍus L3, IN MICE INFECTED

WITH S. enteritidis 1lRX

The following experiment was carried out to determine the

time of appearance of neutrophils in the peripheral b1ood, of

mice after S. enteritidis 1lRX infection , capable of damaging

exsheathed L3 in-vitro. the protocol was as described in
Section 5.8, except mice were bled from the retro-orbital
plexus at the time of challenge with 1 x 105 S. enteritidis 1lRX

ip., and.2, 4 and 8 days later. Neutrophils (fO6) from these

mice were added to 4 groups of 5 tubes containing 200 L3 in

0.2 ml of supplemented medium, which had been incubated with
fto- P-<Ir"tb.ur r--q^e' miCO

0.O5 ml of immune serumrrfor g0 minutes. A controf series of

5 tubes contained larvae in supplemented medium alone, or in

0.05 m1 of immune serum Ín supplemented medi-um in the absence



FIGURE 5.2

Time of aPPearance of neutrophils able to impair the infect-

ivity of N. dubius L3, in mice infected \^7ith S. enteritidis

1lRX. Neutrophils \^7ere isolated from the blood of infected

mice at the times indícated. The cel1s \^rere incubated in-vitro

with exsheathed L3 in the presence of N. dubius irmnune serum.

The number of surviving l-arvae, \^7as measured as day 6 cyst

counts. P values vs. control (day 0) cyst counts.

P<0.05 for days 4 and 8, P>0.05 for day 2

('Ut test of Mann and \,ühitney )
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of cells. The tubes were incubatçd for a further 48 hours,

and the contents of the tubes fed to mice, and cyst counts

performed 6 days Iater. The number of cysts counted was

expressed as a percentage of those observed in mice fed larvae

from tubes containing larvae and immune serum in the absence

of neutrophils. Neutrophils capable of impairing the infectj-vity
of L3 in-vitro arise by day 4 following infection with
S. enterÍtidis l1RX , indicating a rapid appearance of rstimul-ated'

treutrophils in a simil-ar time span, âs seen after lnfection
with N. dubius.

5.11 EFFECT OF NEUTROPHILS FROM MICE IMMUNISED WITH

KILLED VACCINES (KILLED L3 OR ADULT WORM EXTRACT)

OF N. dubius ON THE INFECTIVITY OF L3 IN-VITRO

Ki11ed larvae of N. dubius have in the past been unable

to induce resistance against this parasite, whereas living
vaccines have been highly successful- (Chaicumpa, 1973), To

assess whether these di-fferences were due to an inability of

killed vaccines to give rise to suitable effector celIs, the

following experiment was carried out.

Neutrophils were purified from the peripheral blood of

mice, 7 days after a third dose given intra-venousl-y at weekly

intervals of either 2000 frozen-thawed exsheathed L3 (kilted

larvae), or 1.0 ml- of a whole worm extract, prepared as out-

lined in Chapter 2, section 2.6. Fj-ve mice f rom the kiIled
larvae immunised group, were ki11ed by cervical dislocatj-on at

this time, and the intestines removed and examined for adult

worms. No aduLt worms were detected in the intestine of mice

immunised with killed L3.

Eight groups of 5 tubes were seb upr containing 200

exsheathed L3 in 0.2 mI of suppLernented medium. To tubes in
groups 2, 4 and 7 were added 0.05 ml. of normaL serum, whilst
to groups 3, 5 and 8 were ad,ded O. 05 ml of j-mmune 

".=r*r-1'o-
lY] z¡rce t-^q^e- \<) N "f,,,*t\r.¡.S
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After incubation at 37 c for 90 minutes 5 x r05 neutrophirs
from mice immunised with killed L3 were added to groups 4 and

5 in 0.2 ml of supplemented medium. To groups 6,,7 and g were

added 5 x 105 neutrophils from mice immunised with adult \dorm

extract in (a) medir:ur alone, (b) normar serum or (c) irnnune

serum in the absence of cells. The tubes were incubated for
a further 48 hours, after which the contents r¡rere fed to mice

and cysts counted 6 days later.
The data in Table 5.8 indicates rhat killed vaccines of

N. dubius are capable of inducing 'stimulated' neutrophils.
A living vaccine of L3 was not essential for the induction of
neutrophils capable of killing exsheathed L3 in-vitro in the

presence of irmnune or normal serum. Therefore, the inabilily of
killed vaccines to protect mice in-vivo cannot be attributed to

a lack of effeetor neutrophils, but may result from a humoral

response deficient in protective antibodies. Ey ( Personal

conrnunication) has demonstrated high titres of specific antibody

as measured by ELISA against larval antigens, in the serum of

killed L3 immunised mice.

5.12 ADHERENCE OF NEUTROPHILS FROM NORMAL MTCE, AND MTCE

IMMUNE TO N. dubius INFECTION TO THE SURFACE OF

EXSHEATHED L3

Neutrophils from N. dubius resistant mice, may differ from

those of normal mice, in a number of ways. One aspect, which

may differ is the density and/or specificity of Fc receptors

on the cell- surface. A higher density of Fc receptors on

neutrophils from resistant mice, would allow for a higher binding

efficieney to the parasite surface, and therefore an increased

number of cells capable of damaging the Iarval cuticle.

Alternatively ' stimulated ' neutrophils, Fc receptor specificity

may be primarily directed against the immunoglobulin class in



TABLE 5.8

Effect of neutrophils from mice immunised with killed vaccines

( killed L3 and adult worm extracts ) of N. dubius on the

infectivity of L3 in-vitro

Serum

added No cells

neutrophils added from mice immunised with

Killed L3 Adult worm extract

(6) r
184 : 10

None

Normal (2)
serum 19

(1) r
200!7

(3)
184 +

ND

7t5

(4) _L
146 ! L4

27
(5) _L

139 r 19

(7) +161 13

(8) _L
r55 I 10

Iurnune
serum

Figures in parenthesis represenË group numbers

Group 2 vs. groups 4 and 7 P<0.05

Group 3 vs. groups 5 and 8 P<0.05

( 'U' tesË of Mann and l{hitney )
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which, the ntajority of anti-N. dubius antibody is found.

A precise analysis of the receptors of these ceÌJ-s wourd

require their isolation and characterisation, however an

indication of any differences in the receptors, may be obtained

by a study of the adherence requirements of the ce1ls from

resistant and normal miee. rn order to investigate this
possibility, two series of 6 tubes were set up containing 5oo

exsheathed L3, incubated with fresb immune serum, or normal

serum (0.05 ml) in vB2+, VB2+-EGTA, or VB2+-EDTA. control tubes

contained exsheathed LB in VB2+ only. The larvae were Íncubated
for 90 minutes at 37oC to a1low antibodies to bind and complement

to be actj-vated at the parasÍte .rr.fu"e. The rarvae \ryere

washed twice with supplemented medium, and 106 neutrophirs from

N. dubius resistant or normal mice were added to the tubes.

The tubes \trere further incubated for 60 minutes to a1low ce11s

to adhere to the larval surface. Fol]owing incubation, 30

Iarvae per tube were scored for the number of ad.herent ce1ls as

outlined in Chapier 4. The number of adherent ceIIs, which were

counted under the different conditions rTable 5.g, when

neutrophi-ls from resistant mice were used was sj-miJar to that
reported in chapter 4. Neutrophils from normal mice were no

different in their behaviour and adhered to the surface of
exsheathed L3 vÍa c3lc3 receptor or via FclFc receptor inter-
actions.

Howeverr a difference was observed in the number of cells
adhering to the surface of larvae in the presence of antibody

alone. Fewer neutrophii-s from normal mi-ce were observed to
adhere to the surface of L3 incubated in immune serum in the

presence of EDTA, when compared with the number of neutrophils
from resistant mice adhering under the same conditions. This

may reflect an increase j-n the number of Fc receptors on the

membrane of neutrophils 'stj-mulatedt as a consequence of



TABLE 5.9

Adherence of neutrophils from normal mice, and nice immune

to N. dubius infection to the surface of exsheathed L3.

N. dubius resistant mice Normal mice

Average nr:mber of adherent neutrophils / Iarva t So

Serum

added in

No serum

Inrnune serum
't-L
VB-'

ftnmune serum
,J-

VB.,- EGTA

Inmune serum
,J-

VBO'- EDTA

Normal serum
tJ-

VB. ,

Normal serum

vB2+- EDTA

0 0

I69:9

I
68 j 8

I80:L2

I
76 - 9

J-51r15

I73!9

+20 9

I
67 18

00
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infection of mice by N. dubiuS

5.13 ROLE OF ANTIBODY AND COMPLEMENT IN MEDIATING

NEUTROPHIL AND EOSINOPHIL LARVICIDAL ACTIVITY

When only specific antibody was present in the assay

systems described in this chapter (ie: heated immune serum),

no kil-1ing by either eosinophils or neutrophils could be

detected. since one cannot excrude the possibility that the

antibody was affected by heating the serum, it was therefore
decided bo use an immunoglobulin fraction from immune serum in
the larvicidaL assay,, together wÍth immune serum which had

been depleted of complement activity by methyramine. pangburn

et aI., (1981) reported, that methylamine inactivates C3, C4

and 2-maeroglobulin, and is thought to be a mi]-d.er way of
inactivating complement than heating at sGoc for 30 mi4utes,

si-nce heating may even, at this temperature cause im¡nunoglobulins

to aggregate.

Mj-ce were bled for serum, 10 days after a second j-mmunising

infection of N. dubius. An immunoglobulin fraction of the

serum \¡as obtaÍned by addltion of saturated ammonium sulphate
to 5oT' saturation. rn addition, 1.5 mr of the immune serum

were incubated with 0.15 mI of 1M rnethylamiuefor 2 hours at

37"c, to inactivate complement, and then extensiveJ-y dialysed
in phosphate buffered saline containirg Mg+t and. catt" A third
proportion of the immune serum was kept on ice and used fresh
in the assay. Normal serum was a].so collected and used either
freshr or after methylamine treatment. The same experimental
protocol was used as previously described. Nine groups of 5

tubes were set üpr each containing 200 exsheathed L3 in 0.2 ml

of supplemented medium. To groups 3 and 4 \ryere ad.ded 0.05 mr

of immune serum (untreated), to groups T and 8,0.05 m1 of
normal serum (untreated), to group S, O.Ob ml of methylamine

inactivated immune serum, while to group 6, O.0b mI of the



TABLE 5.10

Role of antibody and complement in mediating neutrophir and

eosinophil larvicidal ac.tivity in-vitro

Cells added
Experiment 1 Experiment 2

Serum added None Neutrophils None Eosinophils

None

Untreated
IMS

Methylamine
treated IMS

Innnunoglobulin
fraction
from IMS

(5) r_
L62 r t9

(6) _L
L96 ! 20

ND
-L

L23 : 27

ND
I

133 - l0

I
mean cyst counts - SO

(1) r- Q) r'itzï¡r 'ioo!zz r+¡trg ND

('ìu, t rg (oìoo t ¡a ßz ! 5
I68:18

ND

ND

None

Untreated
NMS

Methylamine
Èreated NMS

(1) ,

143 T 19

(7) r- (8) r134!6 66:L2

ND
(9) r

L32 r 10

ND

ND

ND

ND

ND

ND

ND

Group B vs.

Group 3 vs.

Group 7 vs.

group 4 P<0.05, Group 7 vs. '!roup,8 P<0.05

groups 5 qnd6 P>0.05 not significant
group 9 P>0.05 not significant
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immunoglobulin fractj-on from immupe serum. Finally to Broup

9, 0.05 ml of rnethylamine inactivated norrnal serum were added.

After 90 minutes incubation at 37oC, 5 x 105 neutrophils were

added to the larvae in groups 21 41 5, 61 71 9. Control groups

contaj-ned Larvae incubated in supplemented medium alone, and

larvae incuþated with fresh immune or normal serum.

After incubation at 37oC for 48 hours, the contents of

the tubes were fed to mice, and cyst counts performed on day 6

(Table 5.10). The data j-ndicates that neutrophils, in the

presence of specific antlbody alone, were unabl-e to impair the

infectivity of larvae in-vitro. Treatment of immune serum with

methylamine to inactivate complement, or the use of a purified

immunoglobulin fraction, resu)-ted in comparable results with

that obtained with heated immune serum in the assay, further

confirming the inabil-ity of these ce11s to damage larvae, in the

presence of antibody alone in-vitro.

The experiment was repeated with eosinophils, in the presence

of fresh immune serum, methylamine lnactivated serum and purified

immunoglobulin from N. dubius immune serum (Tab1e 5.10). The

results were similar to those obtained using neutrophil-s.

5.L4 CONCLUSIONS

The role of eosinophi.ls and neutrophils in immunity to

N. dubius has been examined in this study, by assessing the

effect of these cells on the infectj-ve third-stage larvae in-

vitro. Eosinophil and neutrophil- enriched cell populations

were isolated by density centrifugation from the peripheral blood

of mice infected with this parasite.

Eosinophils and neutrophils were found to be more efficient

at inactivating the exsheathed Larvae of N. dubius in association

with antibody and complement together .(immune serum), as compared

with complement alone (normal serum). It should be noted,
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however, that any concrusions çoncerr\ing the rore of antibody

Ín this result, depends on the leve1 of complement in IIUS being

equivalent to that in normal serum. trhen onLy specifÍc antibody

was present in the assay system (heated immune serum, methyi--

amÍne inactivated immune serum or a purified immunoglobulin

fraction of j-mmune serum) r Do killing by either eosinophil-s or
neutrophils could be detected.

fncani and Mclaren (1981) demonstrated that although rat
neutrophils could adhere to the surface of Schistosoma mansonj-

in the presence of heated immune rat serum, they would detach

after 6 hours without causing any mortality. Simi1arly, it
was observed in the present study, that the ce11s would adhere

to the surface of the parasite via specific anti-body arone.

However, by 24 hours in culture the cel-l-s had detached, and no

impairment to the infectivity of the larvae resulted. The

ability of neutrophils and to some extent eosinophils from

immunised -mice to inactivate the palasite in the presence of
complement alone is probably related to the ability of the

larvae to activate complement via the alternate pathway, binding
of the cell-s to the Larvae, then taking place via c3b which can

be visualised on the parasite surface, using fluorescein-labeIled
anti-C3 antibody (prowse, Ey and Jenkin tg7g; Ey, personal

communication).

An Ímportant point arising from this study, was that
neutrophils from normal mice, \ryere unaþLe to damage N. dubius

larvae in-vitro even in the presence of antibody and/or

complement, conditions under which neutrophils from Ímmune mice

were highly effective. rt seems therefore, that neutrophil-s

from mice infected with N. dubius, are altered in their activity
j-n some way.

Studies with human neutrophils, have indicated that
neutrophil-s acqui-re an enhanced capacity to phagocytose and kil1
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after exposure to supernatants of activated

human mononuclear cell-s (Cross and Lowell, 1978). Human

neutrophils have also been reported to be stimul.ated in

exocytosis, migration, superoxide production and aggregation by

exposure to a platelet-activatJ-ng factor (James et al.' 1981).

These findings clearly i-ndicate that neutrophils can undergo a

change in activity as a consequence of infection.

Whether this alteration of neutrophil. activity requires the

pa.rticipation of accessory cells, âS does the actiVation of

macrophages is at present not known. Ho1vever, what is c1ear, iS

that the appearance of these celI-s wÍth l-arvicidal propertj-es

is not a specific response to infectlon with N. dribius, since

they also appear in the peripheral. blood of mj-ce, which have been

infected with Salmonella enteritidis 11RX' killed larvaer oI

adult \ryorm extract. These altered cel-ls are present Ín the

peripheral- blood, 4 days after a primary infection.and appear

to be present up to at least 6 weeks after a secondary infection.

Thus, it is clear from in-vitro studies that three

phagocytic celJ types may play a role in immunity to this

infection. Previous investigations have Ímplicated. actlvated

macrophages (Chaicumpa & Jenkin, 1ø78) and the present study

implicates, both the neutrophil and eosinophil-. The in-vitro

larvicÍda1 activity of peritoneal cells from S. enteritidis 11RX

immunj-sed mice as reported, by Chaicumpa and Jenkin, (1978),

cannot be solely attributed to ractiVated' macrophages. Since

S. enteritidis 11RX infection also induced 'stimulatedl
neutrophils, the presence of these cells in the peritoneal cell

populatj-on may a}so contribute to the l-arvicidal- activity

reported.
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INTRODUCTION

Data in the previous Chapter, j-ndicated that purified

eosinophils and neutrophils reduced the infectivity of N. dubius

when they were incubated with the larvae in-vitro, in the

presence of antibody and/or complement, but not in the presence

of antibody alone. Furthermore, neutrophils from immune mice

\ttere shown to become 'stimulated' in their larvicidal activity
as a consequence of infection, such that they Ìvere abLe to kilI

larvae in-vitro under the above conditions, whereas neutrophils

from normal mice were ineffective. This enhanced larvicidal

activity wa,-; shown to arise wíthin four days , after a primar

infection with N. dubius. The aim of the experiments outlined

in the present Chapter, were to assess in-vivo the significance

of these ce1Is in Ímmunity. The immune sera. used throughout t- -

these experiments were collected from mice 10 days after a

second immunising infection of 200 L3 iv.

6.2 EFFECT OF SERUM TRANSFER ON THE RESISTANCE OF MICE

TO REINFECTION IfITH N. d.t¿bius FOUR DAYS AFTER A

PRIMARY IMMI]NISING INFECTION

The results in the previous Chapter, showed that neutrophils

with in-vitro larvicidal activit y coul-d be purified from the

peripheral blood of micer ãs early as four days following a

primary infection wÍth N. dubius. IIowever, despite the appear-

ance of these cells, mice which have been infected for four

days, show no significant resistance to a second challenge

infection of N. dubius larvae , given 4 days after the first

immunÍsing infection (Prowse et aI., 1978a). This might imply,

that there was, either insufficj-ent antibody available at this

early stage of the Ínfection, to direct the attack of effector

cellsr or that 'stimulated' neutroph Íls in-vivo were ineffective

àga- inst N. dubius as compared to the in-vitro situation. The
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following experiment was carried out to cl,arify this situation.
Ten groups of 6 mice were immunised with 200 Lg intra-

venously on day 0 to induce 'stimul-ated! neutrophits. The

mice were then rechallenged on day 4 with 2OO L3 intra-venously.
It should be noted, tl:lat there is no dÍfference in the number

of cysts detected j-n the intestine of mice, after either an

oral or intra-venous challenge with LB (Chaicumpa et aI., 1,977).

The mice within a given group, were further injected with either
1.O mI of immune serum intra-perj-toneal_ly on the day of
challenge or Lr2r3 and 4 days 1ater ie: days 51617 and. B post-
challenge. Two further groups of mice were gj-ven either 1.0 ml

of an IgG (15 mg/ml) or an IgM (0.4 mg/ml) immunogl-obulin

fraction from immune serum, on the day of chalrenge. The rgG

and IgM immunoglobulin fractj-ons vrere prepared. from immune serum

by sephadex G2o0 chromatography as outlined in Materials and

Methods( Section 2.tS). The concentrations of IgG and. IgM

transferred in the experiment, were equivalent to the levels of
these immunogr'obulin classes found in immune serum, colrected
from mice 10 days after à second immunising infection of 2OO L3

Ív. Mice in the control groups were given either 1.0 mr of
saliner or 1.0 ml of normal serum ip. on the day of recharlenge
(day 4). Resistance vras assessed by counting cysts in the
intestinal waII 6 days after tbe chaltenge infection. rn the

case of mice, whictr had received 1.0 ml- of immune serum on day

I ' adult lryorms in the intestine were counted. 10 days after the

challenge infection. The reason för this, was that serum was

given to the mice at a time when larvae from the ehall-enge

infection were already migrating as young \ryorms to the intestine.
The cyst counts in the other groups, represent the number of
surviving larvae from the challenge infection, since larvae
from the primary infection were at the adurt \ryorm stage at the
time t}:at the cysts were counted. rn contrast, where adult



FIGURE 6.1

The effect of serum transfer on the resistance of once-

infected mice to a challenge dose of N.dubius larvae.

LACA mice vrere injected ip. with one, 1.0 ml dose of

normal or irmnune serum at various times ( 4-8 days) after

they had received an 'immunising' primary dose of 200 L3

iv.All the mice r^7ere challenged with 200 L3 iv. on day 4

They hTere killed on day 101= 6 day-s post-challenge ) for

cyst counts or on day L4 for adult rlrTorm counts. The latter

comprised the cumulative dose of worms from both infections.

NS.= not significant ( p>0.05)

No serum transfer t"aQ INormal serum Imnune serum
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TABLE 6.1

The capacity of an IgG or an IgM iuurunoglobulin fraction from

irmtune serum to confer resistance to pre-ínfected mice against

a second infection with N. dubius L3

Serum transfetred Cyst count ( mean t So )

Immune serum

Normal serum

IgG fraction of
immune serum

IgM fraction of
im¡nune serum

No serum

J
107 I 13:t

-l-r58 ! 9

84 113:k

_l_

108 - 10

J158: 11

* P values compared with control group given normal serum

where P< 0.05 ( 'U' test of Mann and I,rlhitney )
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worms were counted, the results are rçpresentative of a count

of worms from both the immunising infection, as well as the

challenge infection.
The data in Fig . 6.L j_ndicates that mice which were

challenged 4 days after a primary immunising infection, were

partially resistant to the challenge dose of rarvae, provj.ded

they \4rere also injected with immune serum, at the time of
challenge, or within 24-48 hours post-challenge. Maximum

protection resulted, if serum was transferred within 24 hours

post-chalIenge. Transfer of immune senrm after 22 hours, had

no effect on the resj-stance of mice to rechallenge.

Both the IgG and the IgM immunogl-obulin fractions of Ímmune

serum, when given to mice at the time of rechall-enge (+ days

after a primary infection) also conferred resi-stance (TabIe

6.1). The IgG fraction was slightly more efficient than the

IgM fraction in conferring protection (Tab1e G.1). p<o"<lL\s;

PASSIVE TRANSFER OF RESISTANCE TO PRIMARY INFECTED6.3
MICE: TITRATION OF IMMT]NE SERUM

various dilutions of immune serum \ryere assayed for their
ability to passively transfer immunity to primary immunised mj-ce.

six groups of 6 mice ü¡ere immunised with 200 larvae intra-
venously on day 0. Four days Iater, the mi-ce were given a"

second ehallenge dose of 2oo larvae iv. varying dirutj-ons of
Ímmune serum (1.0 mI) from N. dubius infected mice , âs outli-ned

in Fig. 6.2 were injected intra-peritoneally into mice in 5 of
the groups at the time of challenge j-e: day 4. A contror group

of mice received 1.o mr of sal-ine ip. at the same time ie: 4

days after the primary infectj-on. All mice u/ere kiIled by

cervical- dislocation on day 10 and cysts counted in the intest-
inal war1. The data in Fig. G.2 shows that the degree of
protection decreased as the dilution of antibody was increased,,

such that at a dilution of 7 ltø no protection resulted. Low



FIGURE 6.2

Titration of irmnune serum for its capacity to protect mice

against re-infection with N. dubius. Groups of LACA mice

\^rere infected with N. dubius. Four days later, they vüere

re-infected with an iv. challenge dose of 200 L3 and simult-
aneously injected with 1.OmI of irmune serum ip., or serum

diluted in saline. The mice hrere killed on day l0 for cyst

counts (6 days post-challenge). Significance vüas determined by

the tur test of Mann and Llhitney. Experimental groups

T^7ere compared with the control group given no serum.
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leve1s of serum however stilI confqrred protectionr âs serun

dilutj-ons of 1/4 equivalent to O.25 mI of lprnune serum

resulted in 34'/. immunity as measured by comparing cyst counts

from mice given serum at this dilution, with contro]. mice

given saline onIy. rt has previously been shown that passive

transfer of immune serum to naive mice doesnrt l-ead to increased

resistance to N. dubius , this control group \ryas therefore not

included in this experiment (Chaicumpa, Jenkin and Rowl_ey, Lg76) 
"

EFFECT OF PERITONEAL WASHOUT CELLS ON TIIE INFECTIVITY6.4
OF LARVAE FOUR DAYS AFTER A PRIMARY CHALLENGE

INFECTION OF N. dubius

The previous results implicated the neutrophil- as the ceI1

type responsible for the immunÍty seen fol-lowing transfer of
immune serum to primary immunised mice in the earl-y stages of
infection. 'Stimulated' neutrophil.s can be purified. from the

blood of mice 4 days after a primary infection of N. dubius"

However, macrophages which increase in nurnber as a consequence

of infection, are also present at this stage of infection (Prowse

et al., L978a); but whether these cells are in anractivatedl
state and therefore capable of killing L3 in-vitro or in-vivo
is unclear.

In order to clarÍfy this situation, purified blood neutro-
phils r âs well as peritoneal washout cel.ls, which \¡rere predom-

inantly macrophages, from mice 4 days after pri.mary infection
were compared for their Ín-vitro larvicidal activity by the

method outlined in Materials and Methods, (Section 2.7L). To

two experimental groups of 5 tubes containing 200 exsheathed

L3 in 0.2 mI of supplemented medium, were added 0.05 mI of
immune serum. A further control group of 5 tubes aLso received

O.05 mI- of immune serum, while another control group contained

200 L3 in medium alone. The tubes Ìyere then incubated for 90

minutes at 37oc. Neutrophils (to5) purified from the blood of



TABLE 6.2

In-vitro larvicidal activity of peritoneal washout cells and

peripheral blood neutroPhils collected from LACA mice 4 days

after a primary inf ection with N. dubius

Cells added

(105 per tube)

Inrnune

serum

Cyst count

(meantso)

None

NoneJ<

Peritoneal cells

Neutrophils

I
r-93 I 18

_l_206!9
19r t 3 (P=0.2)

136 t 34(r=o.oo4)

+

+

+

Larvae lvere incubated for 48 hours in-vitro with cells and

inrnune serum as indicated in the text, then they \^lere given

per os to normal mice to assess infectivity.

P values determined by 'U' test of Mann and I^trhitney

Experimental groups hTere compared for significance with the

control group lahþlled 't.
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mice 4 days after a primary infection of N. dubius in 0.2 ml

of supplemented medium, were added to the tubes in one experi-

mental group. Peritoneal washout cells (105) from the saJne

group of mice, were then added to tubes in the other group.

After the addition of cells, the tubes were incubated for 48

hours at 37oC. The contents were then fed to mice and cyst

counts performed 6 days later.
As can be seen f rom the data in Table 6.2, peritoneal. cel.ls,

4 days after a primary infection of N. dubius , show no larvicidal
activity in-vitro against N. dubius , whereas the purified

neutrophils f rom these mice, reduced l-arval- inf ectivity by

approximately 3O"/.. The lower number of 105 perÍtoneal cells
was chosen, because the level- of contaminating neutrophils (5"/.)

was below 104. Neutrophils at this concentration have been

shown previously, to be inactive against larvae in-vitro
(Chapter 5). 'Activated' macrophages, àt this level- are highly
active in an in-vitro larvicidal assay (Desakorn, Personal

communication). Therefore, the effector cells responsible for
resistance in mice 4 days after ínfection, do not appear to be

macrophages.

6.5 IN_VITRO LARVICIDAL ACTIVITY OF NEUTROPHILS FROM

N. dubius RESISTANT AND NORMAL (C17IBL x BALB/c
F1 ITYBRID MICE

The LACA strain of mice used in the previous experiments

were an outbred strain, and therefore unsuitable for use in
cel1 transfer experiments, for this reason in the following
experiments (C57lBL x BALB/c) F1 hybrid mice were used.

Initially, studies were carried out to determj-ne whether neutro-

phils from the peripheral blood of F1 mice were capable of

killÍng exsheathed L3 in-vitro. F1 hybrid mice were given two

immunising infections of 200 L3 iv. at L4 day intervals,
neutrophils were purified from the blood of these mice 10 days



TABLE 6.3

In-vitro larvicidal activi ty of neutrophils purified from

the peripheral blood of N. dubius resistant and normal

( C57 /gI- x BALB/c ) F1 hybrid mice

Serum

added

Cells from:

No cells Normal mice Resistant mice

None

Immune
serum

Normal
serum

(1) r
134 : 12

(2) _r
L32 I 3

-L
mean cyst counts - SD

ND

(3)
L2T

ND

5
+t 6

(5) rt29 :- 4
(6) _,-130:4

(4)
6l

(7) +
94 10

1 x 106 neutrophils ad.ded per tube

Figures in parenthesis represent group numbers

Groups 2 vs. 4 and 5 vs. 7 P<0.05

Groups 2 vs. 3 and 5 vs. 7 P>0.05 not significant
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after the second immur¡ising infe.ction. Neutrophils were also

purif ied f rom the blood of .normaL Fl mice.

To 7 groups of 5 tubes containing 200 exsheathed L3 in

0.2 nI of supplemented medium, were added either 0.05 ml of

immune serum to groups 2r3 and 4, or 0.05 ml of normal serum

to tubes in groups 516 and 7. The tubes were incubated at 37"C

for 90 minutes to aIlow antibody to bind to the parasite

surface and/or complement activation. Neutrophi-ls, (106) from

normal or resistant mice \rùere then added in 0.2 ml of supplem-

ented medium to tubes in groups 3 and 6 or 4 and 7 respectively.

The tubes were incubated for :.r fu-rther 48 hours, after which

the contents \"/ere f ed to mice and cysts counted 6 days later.

Dat,a in Table 6.3 indicates that neutrophils from immunised

F1 hybrid mice weie capable of impairing thg infectivity .of t 3
in-vitro in the presence of antibody and/or complement. However,

as in the case of LACA mice, neutrophits from normal mice vüere

ineffeetive.

6.6 THE EFFECÎ OF THE TRANSFER OE NEUTROPHILS AND

EOSINOPHILS FROM RESISTANT MICE TO NAIVE MICE ON

THEIR RESISTANCE TO INFECTION WIÎH N. dubius

To assess the capacity of neutrophils and eosinophils to

protect mice (in-vivo) against infection with N. dubius'

neutrophils and also eosinophils were purified from the blood

of immune Fl mice. Mice were immunised with 200 Lg iv. on day

O and again on da]¡ L4, and some bled for polymorphonuclear cells

on day 24, and others on day 25. Six groups of 6 mice \4tere each

chal-lenged wi.th 200 larvae iv. on day 0. The mice in group 2

and 4 were injected iv. with 106 neutrophils in 0.2 mI of basic

medium on day 0, and again on day 1. Similar1y, mice in groups

5 and 6 were injected with 106 eosinophils on the same days.

Control mice in group 1 received medium only, and mice in groups

3r4 and 6 were given 0.5 ml of immune serum ip. on days -1r0 and 1.



TABLE 6.4

The effect of the transfer of neutrophils and eosinophils

from resistant mice to naive mice on their resistance to

infection with N. dubius

Group
number

Treatment of mice cyst counts
(mean + SD)

1

2

3

4

Nil

Neutrophil transfer

106 per mouse

Innnune serum only

Neutrophil transfer

plus iurnune serum

Eosinophil transfer

lo6 per mouse

Eosinophil transfer

plus irrnune serum

J-154:9

J155:9

.L
150 r 10

_l_tOl:9

I
153 - 11

5

6
_l_

148 : L4

Cells were transferred on the day of challenge (day 0) and

again on day 1. Serr-rn (0.5 ml) I^las Lransferred on days -1, 0 and 1

Group 1 vs. grouP 4, and group 2.and 3 vs. group 4?<0'05'

Group 1 vs. groups 2 and 3 or 5 and 6 P>0.05 not significant



Immunity was assessed by counting cysts 5 days later
As shown in Table 6.4, partial resistance could be trans-

ferred by neutrophils from immune mice, but only if immune serum

vJas also given. Eosinophils from resistant mice were j-neffective

in transferring immunity, even in the presence of immune serum.

Since immune serum alone conferred no resistance upon transfer,
it is unlikely that the immune serum given in the above experi-
ment resulted j-n activation of host ce11s by such factors as

lymphokines or cotrony stimul-ating factors in the serum. Further-
more, a ce1l population containing 7O"/" lymphocytes and 3O./"

monocytes from immune mÍce were shown to be inactive against

the larvae in-vitro , (Chapter 5). Since only 2'Á + L"/" contamin-

ating lymphocytes were present in the transferred, cell
population in this experiment (98'/" ! 4T. neutrophils), it is
unlikely that the 1ow level of contaminating cells could have

been responsible for the protection observed. Holever, one

cannot exclude the possibillty that factors may be released

from the contaminating lymphocytes, which may activate host

ce1ls other than neutrophils. However, experiments by Behnke

and Parish, (1981) lndicates that a higher number of lymphoeytes

would be required to transfer immunity, since in their experi-
ments 106 Mesenteric lymphnode ce1ls \ryere needed to confer

protect ion .

6.7 CONCLUSIONS

Neutrophil.s with an enhanced Ín-vitro l-arvicidal- activity
can be purified from the peripheral blood of mice, âs early as

four days after a primary infection. Mice which were rechallenged

4 days after primary infection with N. dubius larvae showed an

enhanced resistance to the second challenge infection provided

immune serum, uias also passlvety transferred at the time of
challenge or within 48 hours of the second challenge infectj-on.
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Since 'activated' macrophages were not present at this early

stage of infection, it could be assumed that this enhanced

resistance to the second chalLenge resulted from the effect of
rstimulated' neutrophils, along with an increase in specJ-fic

antibody. Transfer of immune serum 72 hours or later, after the

second challenge conferred no resistance to mice, even though

'stimulated' neutrophi-ls could be purified from the circulation.

These ce1ls appear to aet as effector ce1Is against the early

stages in the N. dubius life cyc1e in-vivo in conjunction with

specific antibody and/or complement. Transfer of either an IgG

or an IgM fraction of immune serum, àt a concentratlon equiv-

alent to that found in whole immune serum, conferred resistance

to mice which had 'stimulated' neutrophils. Mouse neutrophils

have been shown to have receptors for IgG, but not IgM coated

SRBC (Lopez et à1., 1981). Therefore, resistance transferred

to mice via the IgM fraction of immuqe serum, may be due to

activation of complement, which coul-d result in increased

adherence of neutrophils via C3 receptors to the larval surface.

To further assess whether neutrophils rvere an effector cel1

involved in immunity to N. dubius in-vivo a passive transfer of

'stimulated' neutrophils to naive mice was carried out. Transfer

of neutrophils along with immune serum conferred a partial

resistance to challenge with N. dubius both ce1ls ancl serum

\.vere required together; neither alone had an ef f ect on immunity.

Eosinophils were Íneffectj-ve in transfer.

From the data, it appears that neutrophils may be involved

during the initial phase of infectlon with N. dubius and act j-n

conjunction with specific antibody in killing the earl-y stages

in the life cycle.
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SUPPRESSION IN-VIVO OF IMMIINITY TO N. dubius IN

MICE BY SELECTIVE DEPLET ION OF NEUTROPHILS AND

EOSINOPH ILS WITH SPECIFIC MONOCLONAL ANTIBODIES

7.L Introduction

7.2 Depletion of polymorph
resistant mice by trea

onucl-ear cells from N. dubius
tment with monoclonal anti-

granulocyte antibodies.

7.3 Suppression of early immunì-ty to N. dubius in
primary immunised mice by NIMP - R10 ascitic
fluid.
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7.L INTRODUCTION

Eosinophils and neutrophils in-vitro wil.l. adhere to and

kil1 the exsheathed third stage Larvae of N. dubius in the

presence of antibody and complement alone. Furthermore,

neutrophils were required to be in a 'stimul-atedr state before

detectable damage to the larvae, âs measured by à l-oss in
infectivÍty occurred. This requirement was based on the finding

that neutrophils from normal mice were totall-y inactive agaj-nst

the larvae, under the same serum conditions in which neutrophils

f rom immune mice were abl-e to damage and kill larvae. To assess

further the role of eosinophils and neutrophils as effector

cells in determining resistance against N. dubius infections

experiments were carried out in-vivo to investj-gate what affect

depletion of these cells by specific monoclonal antibodies had

on resistance to reinfection.

7.2 DEPLETION OF POLYMORPHONUCLEAR CELLS FROM N. dubius
RESISTANT MICE BY TREATMENT WITH MONOCLONAL ANTI-

GRANULOCYTE ANT IBODIES

The monoclonal antibodies used in these experiments were

NIMP - R6 which bound preferential-l-y to murine eosinophj-ls and

NIMP - R1O which bound to mature non-dividing neutrophils, as

well as eosinophils. The properties of these two monoclonal.

antibodies have been reported by Lopez, Strath and Sanderson,

(1983).

To ensure that NIMP - R10 and NIMP - R6 treatment of mice

specifically depleted polymorphonuclear celIs and had no effect

on other cell- types, total and differential cel1 counts were

carried out on the blood and peritoneal washouts of mice treated

with the above monoclonal antj-bodies. A group of 40 mice

received two infections of 2OO L3 intra-venously at L4 day

intervals, and a third infection, 10 days after the second.

The third dose of L3 correlated with the tj-me of the challenge
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infections described in the foLloWing experimentsr and lyas

given to ensure that a decrease in, pol.yrnorphonuclear cells
as a consequence of treatment of mice by specific monocl-ona1

antibody, was not altered as a result of the challenge infect-
ion. Twenty of these immune mice were injected with 1.0 ml of

à LlSO dilution of NIMP R1O aseitic fluid on days 2gr24 and

25 of infection ie: one day prior to, at the time of, and 1 day

after challenge. The remaining 20 mi-ce were injected with 1.0
1ml of a -/25 dilution of NIMP R6 asci-tic fluid on the same

days as above. Total and differential leukocyte counts of

peripheral blood and peritoneal washouts were carried out on

5 of the mice on day 23, pri-or to treatment with the monocl-ona1

antibodies. Leukocyte counts were also done on days 24 and 25,

ie: 24 hours aftêr each treatment with either NIMP R10 or

NIMP - R6 as well as on day 28, ie: 72 hours after the last

injection of monoclonal antibody. Leukocy!e counts were also

carried out on 5 naive mice at each ti-me point, (Table 7.L and

Table 7 .2>.

NIMP - R10 treatment of mice cauSed a significant faII
(5O"/") in the number of neutrophils in both the circuLatlou and

peritoneal cavity during the first 2-3 days of treatment,

compared to the number observed in untreated control mice.

There was no detectable change in the numbers of lympho-

cytes r or eosinophils i-n either the peripheral blood or

peritoneal cavity, but there was a sì-ight decrease in macrophage

Ievels in the peritoneal washouts on day 25 (18%) and day 28

(L9'/"). Treatment of mj-ce with NIMP - RlO.caused a drop of

approximately 35"/. in total- leukocyte numbers in the þIood, but

had littIe effect on perJ-toneal cel1s, which were predominately

macrophages. NIMP - R10 appeared to selectively deplete neutro-

phils from these mice. A similar result was obtained when

NIMP - R1O was used at a" 1/too dil-ution.



TABLE 7 .L

The effect of NIMP-RIO and NIMP-R6 treaÈment on the differential

and total blood leukocyte counts of mice infected with N. dubius

Leukocvte composition onType of

cell
Treatment

of mice Day23 .Day24 DaY25 DaY2B

Macrophage

("4)

Lymphocyte

(7.)

Neutrophil

(%)

Eos inophil
(7.)

Total leukocytes

(x106)

None

NII'ÍP-RlO

NIMP-R6

None

NIMP-RIO

NIMP-R6

None

NIMP-RIO

NIMP-R6

None

NIMP-RlO

N IM/- Ab
None

NIMP-RIO

NIMP-R6

ND

I2L:6
ND

ND

47-2
ND

ND
.L

28 r 5

ND

ND

l-
18!6

_l_19:4
I

2L - 3

Is3-8
-l-62:-7
_l_50:9
-l_22 I5
J

10 15
_l-24!9

I512
-Lt2!4

I16-4
-I15:4
I

13 13
I

63!6
I

68j3
I

50!6
IL4!4
l-l:5
I

34 - 8

-l-7:2
l_

10!4
3! I

I5:2
I3-:1

J-
'10 j I

_l_9-r0
I

û-1 0

_l_

8j3
Iss-10
I

69 lB
_l_

6L r t0
I25:9

-l-g.:-3
I

29!6
-l_1l .:- 3

_l_gl5
_l_9!7

5t \
J-5-l

_l_

4I1
h! 1

ND

.I6I I
a1 I

I5: I
_l_3-t
I5-:l

IJ5

ND

Mice vüere bled on day 23 (prior to treatment with NIMP-RIO or

NIMP-R6)and days 24 ,25 ( 24 hours after each treatment with

NIMP-RIO or NIMP-R6 ) as well as 72 hours after the last injection

of mqnoclonal antibody( day 28 ).
All mice \^7ere given 200 L3 iv. on days 0,14 and 24. Those treated

with antibody hTere injected on days 23, 24 and 25.

ND : not done



TABLE 7 .2

The effect of NIMP-RIO and NIMP-R6 treatment on the differential
and total leukocyte counts of perítoneal washouts from mice

infected with N. dubius

Type of

cell
Treatment

of mice

Leukocyte composition of
Day23 Day24 Day25 Day2B

Macrophage

(A)

Lymphocyte

("/")

Neutrophil

("/")

Eosinophil

c/")

Total leukocytes

(x106 )

None

NIMP-RIO

NIMP-R6

None

NIMP_RlO

NIMP-R6

None

NIMP-RlO

NIMP-R6

None

NIMP-RIO

NIMP-R6

None

NIMP-R1O

NIMP-R6

AI
78 r 8 78 j

.LI86:6 84.:

ND
.Ig1 l

ND

ND

ND

ND

t
ND

ND

-l_L4 .l

ND

ND

-L74:-4
ND

10

1l

6

-L80 1 6

L2

3

2

15

2

taL4
I4 - 3

-LI5 72 r 8 64 l I
65 -:

I
84 1

It3 l
IIL7:7 20.:.

1

t
ND

+

9

I

l_6-3
J4:-2
l_2 - I
I4 - I

_l_rll1I

IB-4-L6!3
I

6!2

-l-310
-t_t4 ,:- 4
I313-3

l-
10!6

It7:7

J-
13 11

I10-1

ND

l-
L4 - 6

It0:2
Il0:2

-l-g:4J-4:2

l-5-2
_l_4 - 3

J-6:6
I

9!3
I

9!4

I7:4

It8
_l-

L2 -l 5

Mice were bled on day 23 ( prior to trearment with NrMP-R10 or

NIMP-R6 ) and days 24, 25 ( 24 hours after each treatment with
NIMP-R10 or NIMP-R6 ), as well as 72 hours after the last injection
of monoclonal anibody (day28 ).
All rnice hTere given 200 L3 iv. on days 0,14 and 24. Those treated
with antibody -were inj ected on days 23 , 24 and 25 .

ND = not done
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Mice treated with NIMP R6 showed no significant changes

in neutrophil leveIs in either the bl-ood or peritoneaL washouts,

nor did they show a reduction in macrophage or lymphocyte l-eve1s.

However, blood eosinophil- level-s were reduced by 4O"/" on day 24

and by at least 60'/, on day 25 and 28. The number of eosinophils

in peritoneal- washouts also were reduced by NIMP - R6 treatment,

although the effect was less pronounced, and not as persi.stent

as that seen in the blood (eosinophil- levels on day 28 were the

in the control mice).

SUPPRESSION OF EARLY IMMUNITY TO N. dUbiUS IN PRIMARY

same as

IMMUNISED MICE BY NIMP - R1O ASCITIC FLUID

The data in the previous Chapter, showed that mice given

an immunising infection of L3 were partially protected against

a challenge i-nfection of 2OO L3 given 4 days later, providing

immune serum was also injected at the time of challenge, Normal

mice given immune serum, show no resistance to challenge by

N. dubius, which indicates that mice, 4 days after a pri.mary

immunising infection of 2OO L3, have effector ceIls expressing

larvicidal activity, which are not present in normal mice. To

assess the significance of neutrophils in this immunity duri-ng

the early stages of infection by N. dubius, 3 groups of 5 mice

were given 200 L3 iv. on day 0 and were then challenged with

200 L3 4 days 1ater. Mice in groups 3 and 4 received 1.0 ml

of immune serum ip. at the time of chal-lenge (day 4). In
1addition, mice in group 3 were given 1.0 mI of a" /100 dilution

of NIMP - R10 ascitic fluid on days 3r4 and 5, ie:.one day prior

to, at the time of challenge and one day later. The control

groups 1 and, 2 consisted of naive mice or primary infected mj-ce

respectively challenged with 200 L3. Resj-stance to the challenge

infection was assessed by counting encysted larvae on day 10.

The data in Table 7 .3 shows that mice, which were chaIl-

enged 4 days after a pri-mary immunising infection of L3 showed



TABLE 7.3

Suppression of early iumunity to N. dubius in primary imurunised

mice by treatment with NIMP-RIO ascitic fluid

Mouse status

at challenge

Irmnune NIMP-RI0
_l_

mean cyst count - SD

Group serum treaËment Expt. 1 Expt. 2

I

2

3

Normal

l-nf ected

Infected

Infected

J-94:7 _l_lt5:4

_l_10313 _l_

99j11

4

-I26 I3 +42 6

+
J-

LL7 ! L2
_t_

LLz J 8

+

+

All mice \^/ere challenged on day 0 and killed on day 6 for

intestinal cyst counts. Infected mice uTere injected iv. with

200 L3 4 days prior to challenge, to generate effector eells,

Iuunune serum ( 1.0 rol ip. ) on day 0 and NIMP-RIO antibody were

given as indicated in the text.

Group 3 vs . groups 2 or kP 0.05, Group 4 vs . group 3 P<0.05

Group 4 vs. groups 2 and 1, P>0.05 not significant

C'Ut test of Mann and \^Ihitney )
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increased resistance to the challenge infection, provided

immune serum vras also transferred. However, if mice r/üere given

NIMP - RlO to deplete neutrophils, even though they had received

irmnune serum passively, immunity was completely suppressed,

which suggests that neutrophils were a major effector cell in

the early stages of irrnunity to N. dubius.

7.4 SIIPPRESSION OF THE LATER IMMUNITY TO N. dubius IN

PRINÍARY IMMUNISED MICE BY NIMP - RIO AND NIMP - R6

TREATMENT

Mice 10 days after a primary inrnunising infection of

N. dubius , kill up to 50% of. a second challenge infection. To

asses the importance of neutrophils in this resistance, 3 groups

of 5 mice tvere given an immunising infection of 200 L3 iv. on

day 0, and were then challenged with 200 L3 iv. 10 days later.

Mice in group 2 were given 1.0 m1 of a l/fOO dilution of NIMP

R10 ascitic fluid on days 9, l0 and 11 ie: one day prior to, at

the time of challenge and one day later. Mice in group 3

received 1.0 ml of aLlrS dilution of NIMP - R6 ascitic fluid

on the same days. Mice in control groups I and 4 consisted of

primary irnmunised mice, or naive mice challenged with 200 L3

respectively. Resistance to the challenge infection vras assessed

by counting encysted larvae 6 days later.

The data in Table 7.4 shows that immunity to mice 10 days

after a primary infection of N. dubius was only partially

suppressed by NIMP - R10 depletion of neutrophils. Since these

mice had a partial resistance to rechallengê, unlike mice treated

with NIMP - R10 four days after a primary immunising infection,

it implys that another cell type, other than the neutrophil may

be important in determining resistance at this stage of the

infection. No circulating eosinophils can be detected following a

primary infection of N. dubius, alt hough they may be found in
the bone marrovr ( Prowse, Ey and Jenkin, L978a ). Therefore,



TABLE 7.4

Suppression of the later imrunity to N. dubius in primary

irrnunised mice by treatment with NIMP-RIO and NIMP-R6

ascitic fluid

Group

Mouse status

at challenge

Monoclonal
antibody
treaEment

-l-
mean cyst count I SO

Expt. 1 Expt. 2

+ 50 t0None 42 15

NIMP-RIO
I97r15

I83r11

NIMP-R6
+

55 7

None L46 + 11 LZO ! tZ

t-

ND

I

2

3

4

InfecËed

Infected

Infected

Normal

AI1 mice hTere challenged on day 0 and killed on day 6 for

intestinal cyst counts. Infeeted mice \^7ere injected iv. with

200L3 10.days prior to challenge, to induce partial immunity.

Group 3 vs. group 2; group 3 vs. I (both expt. ) P<0.05

Group 4 vs. 2, not significant ; group 4 vs. I P<0.05
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treatment of mice with NIIP - R6, which depletes circulating

eosinophils would be expected to have no affect on inrnunity to

a challenge infection of 200 L3, and as the data in Table 7.4

indicates the result was as expected.

7.5 SUPPRESSION OF IMMUNITY TO N. dubius IN SECONDARY

IMMUNISED MICE BY NIMP - RIO AND NIMP - R6 TREATMENT

LACA mice given two immunising infections of N. dubius show

almost complete resistance to rechallenge with L3. To investi-

gate the affect of the depletion of eosinophils and neutrophils

in secondary imrnunised mice on their resistance, the following

experiment vüas carried out. Four groups of 5 mice received two

immunising infections of 2OO L3 iv. at L4 day intervals, the

mice Ìüere then challenged with 200 L3, l0 days after the second

immunising infection ( day 24 ). Mice in group I were given 1.0
'l

ml of a -/100 dilution of NIMP - R10 ascitic fluid ip. on days

23, 24 and 25 to deplete the neutrophils. Mice in group 2 were

given 1.0 nl of a IlZS dilution of NIMP - R6 ascitic fluid ip.

on the same days to remove eosinophils. Mice in group 3 received

a combination of 0.5 ml of NIMP - R10 and 0.5 ml of NTMP - R6

ip. at th-e same concentration as above, and at the same time

points. Mice in control groups 4 and 5 consisted of secondary

immunised mice, or naive mice challenged with 200 L3 respectively.

Resistance to the challenge infection \^7as assessed by counting

cysts 6 days later.

The data in Table 7.5 shows that depletion of neutrophils

or eosinophils, or of both cell types had no effect on the

resistance displayed by mice, which had received two immunising

infections of N. dubius Since levels of circulating eosinophils,
a¡rd neutrophils.\,vere decreased ( 54% decrease in eosinophils, and

a 50"/. decrease in neutrophil numbers, compared with controls )

in these mice at the time of challenge, it suggests that other

factors or cells must be involved in resistance, possibty



TABLE 7.5

Suppression of imruunity to N. dubius in secon dary immunised

mice treated with NIMP-RIO and NIMP-R6 ascitic fluid

Group
Status of mice
at challenge

.l-
mean cyst counts - SD

1 rmmnue(")tt."ted with

NIMP-RlO

NIMP-R6

NIMP-RIO + NIMP-R6

Irr-rrna (")

NormaI

2

3

4

5

I2L:
J-20:
I

14 l
I

20 1

I
r53 l

5

T2

7

L4

22

(a) Micewere made resistant to re- infection by injecting two

doses of 200 L3 iv. one on day - 24 and a second on day - l0

These mice, Logether with uninfected controls, v/ere each

challenged on day 0. NIMP-RIO, NIMP-R6 or NIMP-RIO + NIMP-R6

rrere given as indicated in the test. The mice were killed on

day 6 to count the number of encysÈed larvae.

Group 5 vs. group 4 P<0.05 ; Group 4 vs. groups 1, 2 and 3

P)0.05 not significant. ('U' test of Mann and l^Ihitney )
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activated macrophages at this time.

7.6 REDUCED IN-VITRO LAR ICIDAL ACTTVITY OF NEUTROPHILS

RECOVERED FROM MICE TREATED WITH NIMP - R1O

To confirm that treatment of mice with NIMP - R1O antibody

did deplete functionally active neutrophils, from the peripheral-

circulation, neutrophils were purified from the peripheral blood

of mice, which had been treated with NIMP - R10, and tested

in-vitro for their abil-it y to impair the infectivity of L3 in

the presence of immune serum.

Neutrophils were purif ied f r.om the blood of mice, either
10 days after a primary immunising infection of 2OO L3 iv., or

10 days (day 24) after a second j-mmunising infection of 200 L3

given 14 days after the pri-mary. In additi-on, neutrophils were

purified from the blood of mice, which had received either 1.0
1mI of à */10O dilution of NIMP - R10 ascitic fluid on days 8 and

9 after primary infection, or days 22 and 23 after a secondary

immunising infection of 200 L3, ce11s were purified on day 10

or 24 respectively. Neutrophils from both the NIMP - R10 treated

and untreated primary and secondary immunised mice, \ryere tested

for their i-n-vitro larvi-ci-da1 aetivit y against exsheathed L3 in
the presence of immune serum from N. dubius infected mice by the

method outlined in Chapter 5. Ten groups of 5 tubes were set up

containing 200 exsheathed L3 in 0.2 ml of supplemented medium.

To tubes in 9 of the groups, 0.05 ml of immune serum were added

and the tubes incubated for 90 minutes at 37oC. The remaining

set of tubes contained L3 in medium alone. After incubation 2

groups of tubes, received 2 x 10l neutrophils from either NIMP

R10 treated or untreated primary infected mice, while a further
two groups received neutrophils (2 x lO4) from NIMP - R1O treated

and untreated secondary infected mice. Similarly, a further 4

groups recej-ved 1 x 10" neutrophils from NIMP - R1O treated and

untreated primary or secondary infected mice. The tubes were



TABLE 7 .6

Reduced in-vitro larvicidal activity of peripheral blood

neutrophils isolated from infected mice which had been Ëreated

with NIMP-RIO asciric fluid

Incubated larvae

in presence of:

Neutrophils per tube

1x104 52xI0

Neutrophils from

Primary infeced mice(dayf0)

Untreated

NIMP-RtO treated

NIMP-R10 treated

(1) J
131!9Cóntrols

mean cyst count t so

(3) -,-83:L2
(5) 

,

110 T 19

(4) r
78 I 10

(6) _!
L20 I 10

Secondary infected mice (day24)
(7) r

Unteated 76 : 22

(9) _!
rLz I 13

(B)
69

+ r6

( 10)
107

+ L7

(no IMS)

(2) r_
136:8
(+ rMS)

Figures in parenthesis represent group numbers

( day ) represents the day mice r^rere bled for neutrophils

Groups 3, 4,7 and 8 vs. group I or 2 P<0.05

Groups 5, 6,9 and 10 vs. groups I or 2 P>0.05

Groups 3 vs. 5, 4 vs. 6, 7 vs. 9 and 8 vs. 10'P>0.05

The number of neutrophils recovered from 9 ml of blood r^7as;

secondary infected mice (untreated), 2.4xL07 cells; day10 suppressed

mice,6.5xI05cells, day 24 suppressed mice, 7.5x105 cel1s.
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incubated lor a further 48 hours, aftef which time the co¡¡tentS

were fed to mice and cyst counted in the intestinal wall 6 days

later.
The data in Table 7.6 indicates, that neutrophils from

untreated mice, either 10 days after a primary or a secondary

immunising infection of 200 L3, significantly reduced the

infectivÍty of the L3 after incubation, wÍth each of the cel-1

doses tested. Immune serum alone, had no effect on the infect-

ivity of the larvae. The larvic j-da1 activity of neutrophil-s

collected from primary or secondary i-mmunj-sed mice treated with

NIMP - R10 were significantly less than that of neutrophils

from unsuppressed mice. The cyst counts obtained using neutro-

phils f rom NIMP - R10 treated mice, \riere not signif icantly

different from the controls.

7.7 IN-VITRO LARVICIDAL ACTIVITY OF NEUTROPHILS AND

I\,IACROPHAGES FROM N. dubiuS INFECTED MICE TREATED

WITH NIMP R10

The in-vitro larvicidal activity of ce1ls from peritoneal.

washouts and peripheral blood neutrophil-s from NIMP - R10 treated,

N. dubius infected micer Wâs assessed to determine whether

another cell type, other than the neutrophil or eosinophil was

involved, iri the resistance seen in these mice given NIMP - R10t

ten days:after a primary or a secondary immunising infection of

N. dubius.

îwo groups of mice were immunised on day 0 with 200 L3 iv"

One group of mice received 1.0 ml of a 1/tOO dilution of NIMP

R1O ascitic fluid ip. on days 8 and 9 after infection. The

remaining group of mice were given 1.0 rnl of sal-ine ip. at, the

same time. A further group of mice vùere immunised with 200 L3

iv. on day 0 and again on day L4. Half the mice in this group

received 1.0 mI of a l/tOO dilution of NIMP - R1O ascitic fluid

ip. on days 22 and 23 (A and 9 days after the second immunising
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infection), while the other half .reçeived 1.0 ml of salinç

ip. at the same time. Perj-pheral. bl-ood neutrophils were

collected from the above groups of mice, either 10 days after
the primary or the secondary immunising infection of 200 L3.

The experiment was designed such that neutrophils were collected
from primary or secondary immunised mice on the same day. A1t

cells were washed in supplemented medium and resuspended in the

same, to a concentration of 5 x 105 cells/ml, An in-vitro
larvicidal- assay was carried out usi-ng these ceI1s.

To 8 groups of 5 tubes containing 2O0 exsheathed L3 in
0.2 m1 of supplemented medium, were added 0.05 ml of immune

serum. Tubes in a further 2 groups j-e: control groups 1 and 2

respectively, contained exsheathed L3, in either medium alone,

or in medium along with 0.05 mI of immune serum in the absence

of cells. After incubation for 90 mínutes at 37oC, 1 x 105 cel-ls

were added to tubes in the I experimental groups. Tubes i-n

groups 3 and 4 received neutrophils from untreated primary

infected mice, while tubes in groups 5 and 6 received neutrophils

from similar mice treated with NIMP R10. Tubes in groups 7

and 8 received neutrophils from untreated secondary infected

mice, while to tubes in groups I and 10 were added neutrophils

from NIMP - R10 treated secondary infected mice. After incub-

ation for a further 48 hours, the contents of the tubes were fed

to mice and cysts counted in the intestinal-. wa1l 6 days later.
The data in Table 7 .7 indicates, that cel-ls f rom mice 10

days after a primary or secondar:y Ín,fection with N. dubius were

highly efficient at impairing the infectivity of L3 in-vitro.
Furthermore, NIMP - R10 treatment of these mice had no affect
on the activity of macrophages in-vÍtro. Neutrophils from mice

taken 10 days after a primary or à secondary infection of

N. dubius , were also active against the larvae in-vitro , however

treatment with NIMP R10 resulted in a population of neutrophils,



TABLE 7 .7

In-vitro larvicidal activity of neutrophils and peritoneal cells
from N. dubius infected mice treated with NIMP-RIO ascitic fluid

Larvae incubated

with:

Treatment of
donor mice
(days inj ected)

Cells tested

Peritoneal
cells

NeutrophÍls

_l-

mean cys: count I SD

Cells from primary
infected mice
collected on day l0

None

NÏMP-RIO (d8,9)

(3)
7

(s) +

-l-107:76t5

(4)

(6)
83 IO

I
L62 j 19

Cells from secondary
infected mice
collected on day 24

-L (8) -L94: 11 103 r 15None

NrMP-Rl} (d22 ,23)

(7)

(e) (r0)
t44 +J-95:11 L4

Controls

L3 in medium alone

L3 in medium + IMS

(1) +166 7
(2) y6a ! s

Figures in parenthesis represent group numbers

(d 8,9 )and(d22,23) days when mice treated with NIMP-RIO

Groups 3,4,5,7 ,8 and9 vs. groups 1 or 2 P(0.05

Group 2 vs. groups 6 and 10 P>0.05 not significant
Group 3 vs. 5, 7 vs.9 P>0.05 not significant
Group 4 vs.6 and 8 vs. 10 P(0.05
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which were inactive against L3 iu-vit:ro. The data suggegts

that the resistance seen in NIMP - R10 treated mice, may be

due to another ce1l type, other than the neutrophi)-, possibly

actj-vated macrophages. Furthermore, NIMP - R10 treatment of

mj-ce may preferentially deplete the proportion of neutrophils

with larvicidal activity.

7.8 CONCLUSIONS

The effect of neutroPhils and eosinophils in the resistance

of mice to reinfection with N. dubÍus, was j-nvestigated þy

treatment of immunised mice with monoclonal rat antibodies

against granulocytes at the time- of rechallenge. NIMP R1O

treatment of mice resulted in a significant f41t in the number

of circulating neutrophils .in mice, during the first 2-3 days

of treatment ie: at the time of rechallenge. NIMP - R10 treat-

ment appeared to be specific, in t}:,at no decrease j-n macrophage t

lymphocyte or eosinophil numbers resulted. IThen mice were

challenged. 5 days after a primary infection, treatment with

NIMP R1O completely suppressed immunity' even after passive

transfer of immune mouse serum. In contrast, the immunity of

mice rechallenged 10 days after a prj-mary Ínfection, was only

partially Suppressed by NIMP - R10, while immunity of secondary

immunised mice, which had been rechallenged 10 days after a

second immunising infection of N. dubÍus was unaffected.

Neutrophils appear to play a predominant, if not exclusive

role in the early resistance of mice to reinfection with

N. dubius larvae, but they become less important with time, Such

that, after two immunising infections, other cell types a'Te

equally as important in conferring resistance to reinfection.

Second.ary immunÍsed mice exhibit a pronounced eosinophÍtía

and it has been speculated that eosinophiLs, may play an active

role in resistance at this stage of infection. Howevert

treatment of mice with an anti-eosinophil monoclonaf antibody
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NIMP R6 caused no significant loss of immunity to reinfection,

although a pronounced reduction in eosinophil Jevel-s did occur.

This will be discussed 1ater.

Treatment of mice with anti-neutrophil serum NIMP R10

did not completely deplete all circulating neutrophils, however

the remaining ce1l population when purified from these suppressed

mice, was shown to be inactive against larvae fn-wlrq. when

compared with neutrophils from unsuppressed mice. 'Stimulatedr

neutrophils may be preferentially depleted from mice by NIMP

R10 antibody, Ieaving a Jess actj-ve neutrophil population unable

to damage larvae in-vitro. In contrast the the early stages

of infection, where neutrophils appear to be the main effector

ceI1s, in the later stages of infection acti-vated macrophages

may be important effector ce11s, since peritoneal cel1s collected

from mice 10 days after a primary or à secondary infection were

highly efficient in damaging larvae in-vitro. Depletion of

neutrophils from these mice had only partial-, or no effect on

resistance to reinfection.
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DISCUSSION

Of the various types of cell consj-dered to be potential
effectors against helminth parasites in mamarian hosts, the

eosinophil and neutrophil have recentLy attracted considerable

attention (Ogi1vie, 1980; Mackenzie êt aI., 1981; Mclaren êt aI.,
1981). Each of these cell types have been shown to be capable

in-vitro of damaging Schistosomula of S. mansoni r or newborn

and infectlve larvae of T. spiralJ-s (Mclaren et al-. , t977 ) ;

rncani and Mclaren, 1983 ) . These findings, together with the

pronounced eosinophil-ia characterising most helminth infections
have raised the possibility that these cel-ls ptay an active role
in immunity.

N. dubius infections in mice, provide a useful- laboratory

model for the study of effector cells in immunity and 'Ltreir'

interaction with a helminth parasite. Damage to, and loss of

infeetivity of larvae can be assessed directly and sÍmply after
challenging mice, by counting encysted Iarvae wÍthin the intest-
inal wal1 5-6 days 1ater, or by counting adult worms in the

intestine at L4 days. In additi-on, effector cel1s such &sr

eosinophils and neutrophils can be purified relatively simply

from the peripheral blood of micer âs outlined in Chapter 3"

HistopathoJ-ogical studies of the sma11 intestine of mice

infected with N. dubius have shown that macrophages, neutrophils
and eosinophils r flây surround encysted Jarvae in the muscul-aris

mucosa of mice immune to reinfection (Jones, 7974; Jones and

Rubin, L974). Previous Ín-vitro studies have shown, that
macrophages from mice infected with N. dubius , in an activated
state, can damage and kÍll L3 (Chaicumpa and Jenkin, 1gZ8).

Eosinophils and neutrophils purified by density gradient

centrj-fugation from the peripheral- bJ-ood of mice, resistant to

reinfection with N. dubius were assessed, by light microscopy

for their ability to adhere to the dj-fferent parasitic stages
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of N. dubius as outlined in Chapter 4. It was obsetrved in

the present study, that eosinophils which adhere to N. dubius

became flattened against the parasite surface, in contrast to

neutrophils, which were seen to flatten only slightly. ThÍs

is in accord with similar observations made during the inter-

action of human or rat eosinophils and neutrophils with the

surface of S. mansoni (Vadas et aI. , 1980) and T. spÍrâLis and

N. brasiliensis (Mackenzie et àI., 1981)r The adherence of

polymorphonuclear cel1s to larvae' was studied after the

parasite had been sensiti-sed with either N. dubÍus immune serum

or normal serum, in the presence of cu2+ and Mg2+ ions, EDTA or

EGTA.

rn the work presented, the use of \¡82+, VB2l - EGTA or

VB2+ - EDTA diluents enabled. the efficacy of opsonisâtion with

antibody or complement to be evaluated in terms of their ability

to mediate cell- adherence in-vitro.

All nematodes during theÍr lite cycle, undergo a series of

moults in which the surface cuticle is shed. It has been shown

for T. spiralis, that the surface cuticle expresses molecules

which change qualitatively after moulting or quantitatÍve1y

duri-ng growth of the worms (Philipp et aL., 1980, 1981; Jungery,

C]ark and Parkhouse, 1983). Furtherrnore, it was shown that rats

infected with 1. spirali-s mount a stage-specific antibody response

the the parasite surface. The time course of appearance of

antibody to the surface antigens mirrored the time course of

appearance of antibody that mediated eosinophil adherence to the

surface of each stage. These stage specific antigens, in the

case of T. spiralis may be the targets for eosinophiL mediated

destruction of the parasj-te.

In the interaction of eosinophils and neutrophils with the

infective third-stage sheathed l-arvae of N. dubius , it was

observed that maximal adherence occurred only on larvae which had
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been incubated under conditions, which alrowed cor.nplçnen.t

activation. N. dubius has the abiLit y to activate the alterq-
ative pathway of complement (prowse et aI., LgTg) and these

results, suggested that the larvae were sensitised with c3

molecules and that the cell-s were bound to the larvae via their
C3 receptors (Lopez et al., 1981). The ad.ditional_ invol-vement

of anti-body was evident from the binding of cells to l_arvae

treated with immune serum - EDTA (in whÍch no complement actj_v-

ation can occur), since no ce1ls bound to larvae sensitised with
normal serum - EDTA.

The adherence of eosinophils and neutrophil.s to the ex-
sheathed infective third-stage larvae showed a different pattern
from that observed with the sheathed form. The number of cells
binding to the surface of exsheathed. L3 treated with immune

serum in VB2+ or VB2t - EDTA or with normal serum in Vg2+ were

similar. Thus, adherence of eosinophils or neutrophils to the
exsheathed larvae occurred. via specific antibody, âs werl as by

complement. Since few ceIIs bound via specÍfic antibody to the
sheathed larval form, it appears that the sheath possesses

fewer antigenic sites than the surface of the exsheathed L3.

However, differences in anti-genic content can only be rigourously
examined by measurJ-ng antibody binding directly, rather than via
secondary phenomena such as cell adherence, which depend.s on

many factors, including the type of antibody bound,

Adhesion of both neutrophils and eosinophils to 4g hour

and 72 hour post-infective larvae, which represent growth phases

of the exsheathed infective L3 larvae, occurred equally well- via
Fc receptor or C3 receptor interactions. However, the adherence

of the ce1Is to g6 hour post-infective l-arvae was greatly reduced,
particularly sor when one takes into account the J_arger size of
these worms, when the larvae were sensitised with immune serum

in vB2+ EDTA rather than in VB2+, suggesting that a change
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occurs in the surface properties of these Iarvae, following

the moult into the 4tlll stage. Cell adhesion to the adul-t worms

was similarly reduced and seemed to be mediated mainly by

complement. It appears from these results that the cutj-cLe of

the 4tl:- and 5th stages of N. dubius might carry fewer exposed

antigenic sites and fewer complement-fixing sites, than that of

the preceding stages. Ce11 binding occurred maJ-nly around the

head and tail regions, indj-cating that the antibodies promoting

adhesion, might be directed against secretory/excretory antigens.

In accord with similar observations made by Lopez et aI. ,

( 1981) , eosinophi-1s and neutroph ils from N. dubius infected mice

\ryere found to bind to and ingest erythrocytes sensÍtised with

IgG1, ÍgGZu, IBGrO but not IgM anti-sheep red bl-ood cell immumo-

globulÍn isotypes. However, when adherence of these polymorpho-

nuclear cel-ls to the surface of N. dubius was assessed , the cells

were found to adhere to exsheathed L3 only in the presence of

IgGl (but not IEGr^ or IBGZ') immunoglobulin purified from

N. dubius immune serum. This would suggest an absence of suffic-

ient levels of specifÍc antibody in the latter two isotypes.

Titratj-on of the abil-ity of an fgG fraction from immune serum,

which was predominately Igcl to promote adherence of eosinophils

and neutrophils to the surface of the different stages in the

life cycle of N. dubius suggested an increase in the number of,

determinants on the parasite surface, agai-nst which the IgG was

directedr âs the parasite matured duríng Ít's life cycle, from

the exsheathed L3 stage, to the 48 hour , 72 hour post-infective

l-arval stages.

In conclusion, the data indicates that the adherence of

eosinophils and neutrophils to N. dubÍus in-vÍtro can be mediated

both by parasite-bound antibody and by parasite-bound complement,

presumably C3 and it's fragments. C3 has in fact, been detected

by immunofluorescence on the surface of serum-sensi-tised
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N. dubius larvae (Ey, Persona]. Communication). ln addition.' ,t'\,
it appears that the antigenic properties of .the cuticle of th.e

parasite change during the life cyc1e. The antibodies which

are present in the serum of infected mice, and which promote

eosinophil- or neutrophil- adherence, are pri-marily directed to
the stages of N. dubius that penetrate and dwel1 within the

intestinal mucosa. Very litt1e specific antibody promoting ce11

adherence is directed against the sheath of the infective third-
stage Iarval form, or to the adult worm, which dwell-s in the

lumen of the intestj-ne. Later experiments examined the potential

of eosinophil-s and neutrophil-s as effector cells in immunity to

N. dubius (Chapter 5). The effect of cells on larval infectivity
\ryas assessed after incubation of polymorphonuclear cel1s with

L3 in-vitro. PeripheraL bl-ood eosinophils and neutrophils r rüe re

purified from N. dubius resistant mice , resulting in ce11 prepar-

ations comprising 94/" 98"/" neutrophil-s, or 63'/" eosinophils.

Both the neutrophils and eosÍnophil enrj-ched cell popul-ation

exhibited larvicidal actlvity in the presence of fresh immune

serum. The activity of the eosinophil-enrj-ched preparation rvas

attributed to it's eosinophil content, since lymphocytes and

monocytes (the predominant contaminants) were thernselves devoid

of activity and because within this ce11 population, eosinophJ-1s

constituted the predominant ce1l. type which adhered to the

larvae. On a ce11 for ce1l basis, neutrophil-s from infected mice,

consistently exhibited a larvicidal activity at least equal to

and usually greater than that of the eosinophils. Moreover, the

neutrophil-s were only marginally more actj-ve in fresh IMS than

in fresh normal senum, indj-cating that larvae sensitised with
complement alone, were damaged almost as efficiently as those

sensitised with antibody plus complement. fn contrast, the

eosinophil preparation appeared to damage l-arvae, only in the

presence of both antibody and complement. When only specific
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antibody was present, ie: using heated or methylamine-

inactivated immune serum, or an immunoglobulj-n fraction from

immune serum, nei-ther ce11 preparation exhibited any Iarvicidal
activity, demonsttating that the presence of complement was

necessary for the activity of both cell types in this system.

It is questionable, however, whether the l-evel of opsonic

complement in the interstitial fluid surrounding the developing

larvae in the muscularis mucosa of the smal-l intestine, is as

high as that of serum. It seems reasonable to expect that any

larvicldal attack by neutrophil-s in:vivo, woul-d require the

presence of antibodies, as well AS complement, even though Serum

complement can be activated in-vitro via the alternative pathway

by all stages of the parasite (Prowse, Ey and Jenkin, 1979a).

Similar results with other hel-mÍnths suggest that opsoni-

zati-on with C3 through the activation of complement by parasite-

bound antibodies, or by the parasite itsel-f, may be of consider-

able importance in=vÍvo. For example, complement has been found

to facilitate in-vÍtro antibody-dependent ce11-mediated damage

to schistosomula of S. mansoni (Anwar

Mclaren, 19BB), both newborn and infective larvae of T. spiralis
(Mackenzie et al- 1980) and microfilariae of Onchocerca"

volvulus (Green, Taylor and Aikawa, 1981). Schistosomul-a (Anwar

et al. , L979) and the infective larvae of N. brasiliensis
(Mackenzie et a1., 1980) have been reported to be damaged in-vilro
by effector ce1ls in the presence of complement alone "

Although neutrophils are mentioned in many instances in

the literature as being less effective than eosinophils against

helminths in-vitro, they are, none the less, clearly able to

effectively damage a variety of parasites. Vadas et a1., (198Ob)

found that human neutrophils were highly active in an assay

release of 51Cr from Label-l-ed schistosomula,involving the

although they did not appear to inflict microscopically-
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detectabLe damage on the parasite. However, neutrophils can

cause lesions in the tegume nt of S. mansoni- , which are detect-
able by electron microscopy (Incani and Mclaren, 1983).

Neutrophils have also been observed to penetrate the cuticle
and extend pseudopodia into the underlying tissues of second-

stage larvae of Ascaris suum (Thompson êt al-., L977). These

cells are further reported to be active in-vitro as effector
cel-1s against microfilariae of O. voLvulus (Greene et a1., 1981)

and D. viteag, against which they were apparently the major

effector cell- type (Rudin et al., 1980). Mehta et a1. , (1981)

reported that both neutrophils ald eosinophils adhered to
W. bancrofti larvae in the presence of IgG antj-body, but only

neutrophil adhesion resulted in marked toxicity to the parasite.
Even in the case of T. spiralis , in which eosinophils are more

more active on a ceI1 for ce11 basis, neutrophils exhibited
potent larvicidal activity (Kazura and Aikawa, 1gS0). It has

also been reported that myeloperoxidase from neutrophils, was

more efficient than eosinophi-I peroxidase in the in-vitro killing
of T. s i-r a1i- s newborn and infective larvae (Buys, Wever and

Ruitenberg, 1984). The results reported here on the effect of

neutrophils on N. dubius , thus have anal.ogies in other systems.

Possibly the most interesting and important finding of this
study, is that neutrophils from normal mice, were unable to
damage N. dubius L3 in-vitro even in the presence of antibody

and compl-ement, conditions under which neutrophils from immune

mice were highly effective. It seems therefore, that neutrophils
from mice Ínfected with N. dubius are altered in their acti-vity
in some way. This is the first tj-me, to our knowledge, that the

killing in-vitro of a metàzoa'n parasite by neutrophils has been

shown to require these cells to be altered or 'stimulatedt.
Whether the alteration of neutrophil- activity requires the

participation of accessory celIs, as does the activation of
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macrophagesr is at present not known. Yeith and ButterwoTth,

(1983), have compared mononuclear celI culture supernatants

from patients with an ongoing eosinophilia and normal patients

for their abil-ity to enhance eosinophil- ki1-ling of Schistosomula

of S. mansoni. Both culture supernatants enhanced the kilIing

activity of eosinophiJ-s in the presence of immune serum.

The appearance of neutrophils with l-arvicidal- properties,

is not a specific response to infection with N. dtibius , however,

since they also appear in the peripheral- bl-ood of mice, which

have been infected with S. enteritidis 11RX. In addition, killed

vaccines, such as frozen thaweÇ. L3, or adult worm extracts

when injected into mice, also resulted in the appearance of

neutrophils with in-vitro larvicidal- activity. Unf ortunatel-y,

these types of vaccj-nes fail- to protect mice against i-nfection

in-vivo, which suggests that the antibody response in these mice

may not be protective.

Altered neutrophils, are present in the peripheral blood

4 days after a primary N. dubius infection, and appear to be

present up to at least 6 weeks after à secondary infection. It

is interesting to note, tlrat eosinophils from patients with

schistosomiasis have been found to be significantly better, than

those from normal individual-s in causÍng antibody-dependent 51CR

release from l-abelled schistosomul-a, whilst neutrophil.s from both

sources, exhibited no difference in activity (Vadas êt a1., 1980b).

There is a substantial 1Íterature, indicating that the

anti-microbial and cytotoxic properties of neutrophils can be

enhanced under certain conditions. For exampl-e, human neutro-

phils are reported to acquire an enhanced capacity to phagocytose

and kill Serratia marcescens after exposure to supernatants of

activated human mononuclear cells (Cross and Lowell, L978) and

exposure to platelet activating factor or endotoxin can stimulate

a variety of functions, incLuding exocytosis, respiratory burst
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activity and adhesiveness (Shaw êt aJ-., 1981, Ðahinden, Galanos

and Fehr, 1983). Moreover, thê'in:vitro antibody-dependent

tumouricidal activity of human neutrophils and eosinophils has

been found to be rapidly enhanced by gran¡.r1-oycte-specific-col-ony-

stimulating factors (CSF) (Vadas, Nicol_a and Metcal-f , 1983).

These findings indicate, that the functional- capabil-ities of
Inormal-r neutrophils can be changedr âs a consequence of infect-
ion or inflammation. Presumably factors, such as the CSFs

regulate these changes, and it would be of interest to determine

whether or not 'normalr mouse neutrophils exposed to mouse

neutrophíI-specific CSF acquire the capacity to damage N. dubÍus

L3.

One clearly needs to be cantious in interpreting data from

different studies, in which the activity of neutrophils obtained

from either uninfected, or infected individuals, has been

reported. Although 'normal-r neutrophil.s are apparently active

in other in-vitro helminth killin g systems (Kazura and Aikawa,

1980, Greene et a1., 1981, Mehta et à1.r 1981), the use of

neutrophils from uninfected individuals, may in part account for

the poor activity of these cell-s in some in-vÍtro ass aYS r

particularly if the cells are tested in the absence of complement

( Dessein et_sl., 1983) and the antibodies present, a.re of an

isotype, whÍch bind poorly to the cel.l-surface Fc receptors.

In summary, the present study implicates, both the neutro-

phil and the eosinophil j-n immunity to N. dubius. From the

work presented in this thesis, it is not clear whether the

neutrophi-ls are in an 'activated' state, similar to that reported

f or macrophages. The increased larvicidal act j-vity of neutroph j-1s

may represeqt a shift in the neutrophil- population, foll-owing

infection such that they are in a more mature state,
It was found in the present study (Chapter 6), t};at when

mice infected with N. dubius , only 4 days previously were
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injected with serum or purified immuuoglobulins from immune

mice, they were partial1y resistant to a chalrenge dose of
larvae administered at the same time as the serum. The admin-

istration of immune serum to normal. mice ind.uced no resi-stance
to a chal-lenge infectj-on. on the basis of these resurts, it
was considered that 4-day-infected mice, might al_ready possess

a populatj-on of ce1ls capabre in the presence of antibody of
preventing larval development. The requirement for serum anti-
bodies is almost certainly attributabte to the l-imiting amount

of natural.ly-acquired antibody avairabl.e at this time. The

presence of rstimuLated' neutropþiJ-s j-n these mice, reported
(Chapter 5) \4ras confirmed, using purif ied peripheral blood

neutrophils in the in-vitro larvicj-dal. assay. Peritoneal wash-

out cells from the same mice were inactive in.thi-s assay,

however, indicating that activated macrophages \ryere not yet
present. Thus, it seemed possible that the partial immunity

conferred on 4-day-infected mice by the transfer of immune serum

or immunoglobulins, \ryas due to the action of tstimulatedt neutro-
phils on the invading larvae. The capacity of such neutrophlLs
to protect mice against infection by N. dubius \ryas unambiguously

demonstrated by the transfer of immunity to naive mice, by a

combination of purified neutrophÍls and immune serum, but not by

cel-Is or serum a1one.

These findings further demonstrate that tnormal' neutrophils
ie: those present in uninfected mice, are incapable of providing
any detectable degree of resistance against infection by

N. dubius even in mice, which have been injected with immune,

serum. However, such mice exhibit significant resistance to
infectj-on, if they are additionally inJected with neutrophj_Ls

from infected mice. There seems to be a necessity for neutro-
phils to be 'altered' (eg: by infection of the donor or test
mouse) before they are capable of damaging N. dubius L3 ei-ther
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presence of antibody and complement r or in-vivo.
Previous attempts to transfer immunity aga"inst N. dubius

have had mixed success. A number of investigators, found. that
normal mice injected with small volumes (_(. 1 mI) of serum had

no significant resistance to a challenge infection (Panter , Lg6*t

Cypess, L97O; Chaicumpa et al., LgT6). More recentl-y, it has

been reported, t]nat the infectivity and survival of N. d.ubius

is severely impaired in femaj-e NrH mice treated with multiple
doses of immune serum (Behnke and parish, LgZg), Immunity was

significantly enhanced in animal-s given both immune serum and

mesenteric lymph node ce11s from. immune mice, particularly when

sub-1ethal-1y irradiated l-arvae were used for the challenge dose

(Behnke and Parish, 1981). It is possib1e that NIH mice, which

are a strong-responder strain (lyilLiams and Behnke, lg8B) are

unusual in this respect r perhaps possessing a pool of activated.
ce.Ils, which may mediate immunity in the presence of antibody.

Whatever the reason for these differences, one clearly needs to
be cautÍous in analysing the mechanisms of transfen:ed immunity.

In addition, to itst content of antÍbodies, immune serum may

contain sufficient amounts of lymphokines and granulocyte colony-
stimulating factors (vadas, Nicola and Metcalf, 1gB3) to activate
effector ce1ls in the recipient mice, particularly if appreci-ab1e

volumes,of serum are transferred.
Similar restrj-cti-ons apply to the data from ceI1 transfer

studies. Imrnrnity to N. dubius has been passively transferred
to normal mice with spleen ceLls (Cypess, IÙTO) and mesenteric

lymph node cells (MLNC) (Behnke and parish, 1991) from immune

mj-ce. The transfer of these heterogeneous ceII populations,
perhaps also with small quantities of ce1.1 associated parasite
antigens, may be expected in the recipient mice to result in
lymphokine release, activation of the mononuclear phagocytic

system and secretion of parasite specific antibodies. rndeed,
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Mice given immune MINC have been found to have elevated IgGl

levels (Pritchard et aI., 1983).

The transfer of immunity by purifj.ed neutrophils, together

with immune serum, which alone gives no immunity, is less

1ikely to involve interactj-ons in the recipient induced by

J-ymphocytes, or monocytes as the l-evel of these cells in the

transferred celI population was very low (approxi-mately 2 + t"/").
Furthermore, J-ymphocytes/monocytes isol-ated from the same mice

from which the neutrophils 'were obtained were inactj-ve against

L3 in-vitro (Chapter 5). The transfer of small numbers of

contaminant lymphocytes or monocytes, present in the neutrophil

preparations, is unlÍkely to have had any direct effss¡ on larvae

in the challenge dose. Although one cannot exclude the poss-

ibility that these cells release factors, which activated

effector cells, other than neutrophils in the recipient mice,

this seems un1ikely, especially in view of the number of immune

MLNC needed to achieve adoptive immunity in NIH mice given

immune serum () fO6 cells/mouse; Behnke and Parish, 1981). One

is therefore, left with the concl-usion that the transferred

neutrophils were directly responsible for the immunj-ty exhibited

by the mice.

There was a c1.ear requirement for antibody by the neutrophils,

both IgG and IgM fractions of immune serum being able to induce

immunity in 4-day-infected mice. Murine neutrophils possess

receptors for IgG and C3-coated erythrocytes, but not IgM-coated

ce11s (Lopez, Strath and Sanderson, 1981). The resistance

transferred vj-a the IgM fracti-on, may have been due to the activ-

ation of complement by parasite-bound IgM antibodies. This could

promote the ad.hesion of neutrophils .rir th.it C3 receptors to

the larval surfacer âs has been demonstrated to occur iri-vitro.

fn summary, from the data in Chapter 6, it appears that

neutrophils aîe capable of directly damaging N. dubius larvae
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both Ín-vitro and in-vivo in the presence of antibod,y an,d

complement. Not only can immunity be transferred by purified

neutrophils from j-mmune mice, but it appears likely, that
neutrophils are responsible for the protectÍon observed in A-day-

infected mice given immune serum. The importance of neutrophils

compared with macrophages and eosinophils in naturaL immunity

to this parasite, remains to be determined however.

The role of eosinophils and neutrophils in the acqulred

resistance of mice to reinfection by N. dgþÍus was further

assessed in-vivo (Chapter 7). This was achieved by injecting
previously Ínfected mice with monocl-onal- antibodies specÍfic

for murine polymorphonuclear ce1ls (NIMP R10 and NIMP R6) r

at the time of admini-stering a chal-lenge dose of infectiie
l-arvae

Treatment of both primary and secondary infected mice with

NIMP - R1O caused a" significant faIl in the number of neutrophils

in the blood or peritoneal cavity during the ensuing 2-5 days,

while no major changes \ryere observed in the number of macrophages

or eosinophils. Treatment of secondary immunised mice with

NIMP - R6 caused a significant fall in eosinophil numbers with-

out a significant effect on other cell. types.

Although an eosinophilia in mice, is a. characteristic of

infection by N. dubius , and fulI resi-stance was reported to

correlate''wj-th the appearance of eosinophils in infected mice

(Prowse et aI., 1978a), these cell-S Íi-vivo in a ce11 transfer

experiment \ryere j-neffectj-ve in conferring resistance on naive

mice (Chapter 6). Furthermore, depletion of eosinophils from

the circulation of mice 8-10 days after a secondary challenge

infection by 200 L3, by injeetion of NIMP R6 ascitic fluid had

no effect on the resistance of these mice to reinfection. The

mice remained fully protected against the cha)-1-enge inf ection,

even though eosinophi-1 level-s were significant)-y reduced. The
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role of eosinophils in i¡rungnity to N. dubius rer-nains difticult
to resolve from the above data, even though these cel-ls were

larvicidal in-vÍtro. Although there was a decrease in the

levels of eosinophils after NIMP - R1O treatment of mice, the

question remains as to whether the eosinophil were involved in
damage to the larvae, the decrease in eosinophil numbers were in-

sufficient to abolish the resistance of the mice. It was not

possible to test the residual population of eosi-nophils in these

mice, for their larvicidal activity as had been done, for neutro-
phils since there were insufficlent numbers in the circulation
to make this experiment feasible. In contrast, depletion of

neutrophils from N. dubius infected mice by treatment with

NIMP - R10 ascitic fluid given 4 days after a primary iqfection
of 200 L3 (which is known to induce rstimulated' neutrophils),
resul-ted in a signif icant f aL1 Ín neutrophit- numbers, along with

the total loss of resistance to the challenge infection, despite

the fact that, these mice also receiìed immune serum passi-vety.

However, depletion of neutrophil-s by NIMP - R1O treatment, 10

days after a primary infection of 2OO L3 resulted in only à

partial loss (50%) of resistance to challenge by N. dubius L3,

given on day 10 after the primary immunising infection. Depleti,on

of eosinophils or neutrophil-s, from mice 8-10 days after a

secondary infection, had no effect on their resistance to a

subsequent challenge.

The observations in Chapter 7, indicate that in the earl-y

stages of infection by N. dubi-us neutrophils, providing immune

serum is passively transferred, àre able to confer a degree of
resistance on the host. As the infection proceeds, macrophages

became ractivated', such that at day 10, after a primary j-nfect-

ion, these cel1s were larvicÍdaÏ in-vitro. Neutrophils may

therefore, at this stage, aet in concert with macrophages in

conferring resistance to mice, since NIMP - R10 depletion of
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neutrophils only partially abolished immunity and furthermore,
eosinophils are not present in the circulation or peritoneal.

cavity at this time. After a secondary j-mmunising infection,
macrophagesr neutrophils and possibl-y eosinophj-1-s, together
with specific antibody¡ frâV act together to confer ful1 protect-
ion on mj-ce. Neutrophil or eosinophil depl-etion at this time,
would therefore be compensated for by macrophages, which have

larvicidal activity. unfortunatelyr âtr anti-macrophage serum

was not available to determine what effect depletion of macro-

phages from mice would have had on resistance.
In the in-vitro studies, neutrophils f rom mj-ce treated with

NrMP - R10 were found to be inactive against larvae in the
presence of immune serum, when compared to neutrophils from

untreated mice. Macrophages activity against L3 iri-vitro was

not affected by NrMP - R10 treatment of mice, from which the

cells were collected.

The inactivity of neutrophils from NIMP - R10 treated mj-ce

suggested that this monoclonal antibody depleted the population

of neutrophils with larvicidal- activity. However, as mentioned

previously, it remains unclear in the present study, whether

neutrophils with increased larvicidal activity represent an

factivated' cel1 population, or a" shift to a more mature cell
population as a consequence of infection.

rn summary from the in-vitro studies, three phagocytic celr
types appear to play a role in J-mmunity to N. dubius. previous

investigators have implicated'actj-vated' macrophages (Chaicumpa

and Jenkin, 1978), and the present study has implicated both

eosinophils and neutrophils. Furthermore, mi-ce can be partially
protected against infection by passj.ve transfer of rstimulated'

neutrophils in conjunction with immune serum, but not by the

passive transfer of eosinophils, suggesting a role for neutro-
phils as effector cel1s in-vivo as we1l as in-vitro.
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The neutrophil appeared to act in the early stages of a

primary infection. Other cell types became equally.imþortant

in resistance, as the infection proceeds. Eosinophils on the

other hand, appeared not to be efficient effector cel-l-s in

immunity to N. dubius in the 1n-vivo experiments, which contrasted

with the findings from the in-vitro situation. From the data

the role of the eosinophil in immunity to N. dubius remains

unclear and further work is required in this area.
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