
\

THYMUS DEPENDENCY OF THE IMMUNE RESPONSE 

IN MURINE MALARIA

A th es is  subm itted for the D egree of Doctor of Philosophy
to the

Faculty of M edicine  
of the

U niversity  of London

by

Anil N. Jayawardena

London School of Hygiene 
and T rop ical M edicine 1975



1

Table o f Contents

page

Acknowledgem ents 2

A b stract - 4

G eneral Introduction 7

Chapter 1.
The thymus and the immune re sp o n se  to m alaria  p a ra sites:
A rev iew  10

Chapter 2.
The morphology of the im m une resp on se. 65

Chapter 3.
The m itotic resp on se of thym us derived c e lls .  208

Chapter 4.

The functional status of the lym phocyte pool. 234

Chapter 5.
The p a ss iv e  transfer of im m unity with serum  and c e lls .  272

Chapter 6.
G eneral D iscu ssion . 312

R eferen ces 323



2

ACKNOWLEDGEMENTS

I would like to exp ress my s in cere  thanks to Dr G .A .T .
T argett for h is  advice, guidance, and unfailing support during the 
cou rse of this study. I would a lso  like to thank P ro fesso r  W .H .R . 
Lumsden for the encouragem ent given m e and for providing the 
fa c ilit ie s  requ ired  for this work.

It has been both a p leasure and a privilege to work with 

Dr A .J .S .D a v ie s  and m em bers of h is group at the C hester Beatty 
R esearch  Institute, London, who introduced me to the study of the 
thym us. I am  indebted to Dr D avies who gave me much of h is  tim e 
and provoked and catalysed  certain a sp ects  of this investigation .
Dr Elizabeth L euchars introduced me to a number of im m unological 
techniques and advised  me on the preparation of m ouse radiation  
ch im aeras, w hile Dr R .L .C a rter  guided m e through the histopatho- 
lo g ica l com plex ities of the lymphoid sy stem . I would a lso  like to 
thank Dr R .S .K erb e l for a gift of anti theta antiserum , Dr M. J.D oenhoff 
for assista n ce  with in v itro  lymphocyte techniques, M iss V .J .W a llis  
for advice on cyto log ica l methods and Dr K .M .G rigor for providing 
m e with the fa c ilit ie s  for carrying out stero id  determ inations.

I am gratefu l to P rofessor Avivah Zuckerman of the Hebrew  
U niversity , J eru sa lem , P rofessor B .H .W aksm an of the Y ale University  
School of M edicine, P ro fesso r  K .T . Brunner of the Sw iss Institute for 
E xperim ental Cancer R esearch , Dr W. D roege of the B ase l Institute 
for Immunology and Dr J .H . L. Playfair of the M iddlesex H ospital 
M edical School for u sefu l d iscussion .

I would a lso  like to thank Dr N .C .d e  L anerolle of J esu s  
C ollege Cam bridge for reading parts of th is th esis c r it ic a lly , Dr 
P .E .M .F in e  fo r  advice on data an a ly sis , and M iss J .A . L ouise and 
Mr C. I. Edw ards who provided me with excellen t technical a ss is ta n ce .

To C aryl W hite and M arjorie Butt who typed drafts and the 
fin a l copy of th is  th esis  I extend my thanks.



3

T his work was carried  out during the tenure of a
Commonwealth Scholarship awarded by th e  A ssocia tion  of
Commonwealth U n iv ers itie s , U. K ., to w hich I am  deeply gratefu l.



4

ABSTRACT

Studies w ere carried out to elucidate the ro le  of the thymus 

and thymus derived lymphocyte population in the immune resp o n se  

of m ice to m alaria.

Infection of normal CBA mice with the m alaria p arasite  

P. b. yoe lii resu lted  in a m ild, non fatal infection which la sted  15 to 

16 days. Mice which recovered  from a prim ary infection w ere  

immune to rein fection . P a ra s ite s  could be dem onstrated in the 

kidneys of such m ice 3 to 4 w eeks after recovery  from  infection , 

but w ere not detected  in the peripheral blood and other t is su e s  

exam ined.

In T ce ll deprived CBA m ice P . b. yoelii infections followed  

a fulminant course and proved fa ta l within 30 to 35 days, thus 

dem onstrating the absolute thym us dependency of th ese in fections.

In ATS treated m ice P. b. y o e lii infections followed an essen tia lly  

sim ilar  pattern, but 30% of the treated m ice recovered . Studies of 

fluorescent antibody lev e ls  and the histopathological changes in the 

sp leen s of norm al and T ce ll deprived m ice during infection showed  

that while norm al CBA m ice m ade high lev e ls  of IgG^, IgGg and IgM 

antibodies and showed a strong and sustained germ inal centre  

resp on se , in T c e ll  deprived m ice  the production of IgG^ antibodies 

was alm ost com pletely  abolished and the germ inal centre resp o n se  

was sev ere ly  im paired . Reconstitution of T c e ll  deprived m ice with 

syngeneic thymus grafts resu lted  in restoration  of immune 

resp on siven ess; the level of protective immunity and the germ inal
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The resp o n se  of the CBA m ouse to P . b. b e r g h e i, a 

p ro g ress iv e  infection  which proved fatal in 20 to 25 d a y s , was a lso  

exam ined. T hese infections w ere found to provoke antibody and 

germ inal centre r e sp o n ses  interm ediate between those e lic ite d  by 

P . b. y o e lii in fection s in norm al and T c e ll  deprived m ic e .

The T c e ll  m itotic resp o n se  to P . b. yoe lii and P . b. berghei 

w as defined in CBA/Lac  -  C BA/H .T6T6 m ouse rad iation  ch im aeras  

carrying  a chrom osom ally  d istinguishable population o f T c e lls .

W hile P. b. y o e lii provoked a rapid and sustained burst of T c e ll  

m ito s is , the T c e ll  resp on se evoked by P. b. berghei w a s  feeb le  and 

fa iled  early in the infection desp ite  the p rogressive  p a ra sita em ia .

The functional sta te  of the T c e ll  pool was assayed  by exam in in g  the 

r e sp o n ses  of in fected  CBA m ice  to Oxazolone and of sp leen  c e lls  to 

PHA (Phytohaem agglutinin). P . b. y o e lii infected m ice  responded  

norm ally  to oxazolone and desp ite  a d ecrea se  in the proportion  of 

PHA resp on sive c e l l s  there w as a net in crease in the ab so lu te  number 

of such c e lls  in the sp leen . In contrast, P. b. berghei in fections  

resu lted  in m arked d ep ression  of the respon se to oxazolon e and of the 

absolute number of PHA resp on sive  c e lls  in the sp leen . Both 

in fection s caused a d ecrea se  in the proportion of LPS re sp o n s iv e  (B), 

c e l l s ,  but when the resp on se  w as computed on a per sp leen  b a sis  

th ere was no sign ificant im pairm ent of the respon se.

M echanism s of re s is ta n c e  in P . b. yoelii in fection s w ere

Æ

cen tre resp on se correla ted  w e ll with the degree of recon stitu tion

ach ieved .



further an a lysed  by carrying out a s e r ie s  of ce ll and serum  tra n sfers  

from im m une to non immune m ice . W hile hyperim m une serum  was 

protective aga in st low p arasite innocula, immune seru m  had no 

protective e ffec t. D o ses  of hyperimmune serum  which protected  

intact rec ip ien ts  com pletely , caused orly transient inhibition of 

infection in  T  ce ll deprived rec ip ien ts. Immune sp leen  c e lls  w ere  

the m ost e ffec tiv e  in transferrin g  immunity to norm al and T c e ll  

deprived re c ip ie n ts . Treatm ent of these c e lls  with anti theta an ti­

serum  did n ot rem ove their protective effec t, su ggestin g  that the 

effector c e l l s  in the immune sp leen  ce ll population w ere non T c e lls .

T h e se  re su lts  ar e d iscu ssed  in relation  to their significance  

in effector and suppressor resp o n ses e lic ited  during m alaria l

infections.



GENERAL INTRODUCTION
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GENERAL INTRODUCTION

The la st 15 y e a r s  have seen  a revolution in Immunology; 

a revolution initiated by the dem onstration of the r o le  of the thymus 

(M iller, 1961, 1962; G o o d e ta l . ,  1962), and which gained 

momentum with the delineation of the two lym phocyte concept of 

immunity. The re lev a n ce  of the fine study of the immune resp on se  

to the problem s of t is s u e  transplantation, malignant and infectious  

d isea se , has provided the im petus to the revolution . There has 

certainly been a trem endous surge of activ ity  ii. '.:e fie ld s of 

transplantation and tumour immunology, but the "Golden Age of 

Immunology" has m ade only a lim ited  im pact on the study of 

infectious d ise a se , particu larly  the "classical"  parasitic  d ise a se s . 

This investigation was initiated in an attem pt to rem edy the latter  

situation; it fo cu sses  attention on probably the m ost important of 

these d isea ses  -  m alaria .

The interaction  between a developing p arasite such a s a 

m alaria parasite and th e immune system  m ust n ecessa r ily  be 

com plex, and although in recent years there have been significant 

contributions made tow ards an understanding of th is interaction, the 

fundamental cellu lar events involved in the host respon se a re  s t i l l  

poorly defined. M alarial infections are a lso  known to d ep ress host 

reactiv ity  to certain  other antigens, and it has been suggested  that 

a causal relationship e x is ts  between m alaria and Burkitt's lymphoma. 

T his study was aim ed .prim arily at obtaining a greater understanding



9

of th ese  asp ects of the host p arasite in teraction , in p articu lar the 

r o le  of the thymus and thymus dependent im m une m echanism s; 

m ech an ism s, which Burnet (1967, 1970) su ggested  w ere evolved  

p rim arily  a s a su rveillan ce system  against n eop lasia , but which  

are  probably equally important in defence against infectious agents.

The approach adopted in studying the interaction  betw een  

host and parasite w as to "dissect out" the resp o n se  of the h o st (the 

CBA mouse) to the p a ra site . A s the im m unology of the m ouse is  

far in advance of any other sp e c ie s , and as the re sp o n ses  of the 

inbred CBA m ouse in particular have been investigated  ex ten sive ly  

(D av ies, 1969), it provides a very valuable sy stem  for analysing  

the immune respon se to an infectious agent. U se was m ade 

p articu larly , of m ethods of lym phocyte dep letion , recon stitu tion , 

and separation to study the actions and interactions of thym us 

dependent and independent ce ll populations in th ese  in fection s.

That the approach used w as su c c e ss fu l, and that the m odel 

holds trem endous potential are borne out by the r e su lts  p resented

in th is th es is .



CHAPTER 1

THE THYMUS AND THE IMMUNE RESPONSE TO 

MALARIA PARASITES: A REVIEW.
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SCOPE OF REVIEW :

T his rev iew  w ill be concerned e ssen tia lly  with our present 

understanding of the nature and mode of action  of the thymus and 

thymus dependent lymphocyte population, and its  ro le  in m echanism s  

of r e s is ta n c e  to in fectious agents in g en era l, and m alaria p arasites  

in particu lar. It is  not intended to be a com prehensive review  of 

the subject, but rather an attem pt to p lace th is study in p ersp ective , 

and to d iscu ss  th ose  asp ects of the litera tu re  n ecessary  for an 

appreciation of the investigative procedures adopted.

SECTION I. THYMUS DEPENDENT AND INDEPENDENT 
LYMPHOCYTES AND IMMUNE RESPONSES

Two sy s te m s  of immunity protect the body from  the h azards  

of infection and can cer. The first is  the c e ll  m ediated response  

which in itia tes the rejection  of foreign t is s u e s  and tumours and is  

important in defence against v ira l in fection , the other is  the hum oral 

resp on se which i s  effective in bacterial infection and v ira l 

re -in fec t io n s . Although th ese  two m echanism s are not entirely  

independent, th ere being considerable interaction  between them, 

they are d istinct.

1. THE TWO LYMPHOCYTE CONCEPT OF IMMUNITY

The f ir s t  evidence for such a functional duality in the im m une

sy stem , cam e from  the observations of C hase and Landsteiner in th e  

early  1900's. They showed that while so m e kinds of immune rea ctio n s



could be transferred  only by c e lls  (lym phocytes), others could be 

transferred  only by serum  antibodies. Proof that th is functional 

dichotomy in the immune sy stem  did in fact have a developm ental 

b a s is ,  cam e from  a s e r ie s  of c la ss ic  experim ents carried  out in 

the early 1960's - the m o st important of which was the dem onstration  

that rem oval of the thym us from  a newborn m ouse consistently  

im paired homograft re jec tio n  and had a variab le effect on antibody 

production (M iller , 1961, 1962; Good et a l . , 1962; M artinez et a l., 

1962). Sim ilar effects w e r e  dem onstrated in ra ts  by Jankovic et al. 

(1962).

A se r ie s  of exp erim en ts carried  out on chickens at m ore or 

l e s s  the sam e tim e, led to a m ore p rec ise  definition of the ro le  of 

the thymus. A s early  a s  1956, Glick had dem onstrated that rem oval 

of the bursa of F abricius (a  cloacal lymphoid organ unique to birds) 

im paired the capacity of ch ickens to produce serum  antibodies, while 

Warner (Warner et a l .,  1962; Warner and Szenberg, 1964) found that 

although surgica l thym ectom y im paired hom ograft rejection , inhibition  

of bursal development had no such effect. He concluded that a 

functional d issociation  e x is te d  in the chicken lymphoid system  -  a 

concept extended by C ooper (Cooper et a l . ,  1966) who in a s e r ie s  of 

elegant experim ents obtained convincing evidence for a dichotomy in 

the immune system ; the b u rsa  and bursa derived  c e lls  being resp on sib le  

for antibody production, th e thymus being concerned with ce ll m ediated  

resp on ses and having a variab le  influence on antibody production 

depending on the antigen u sed .
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The r e su lts  of th ese extirpation experim ents in birds and 

rodents w ere com plem ented by im portant c lin ica l observations made 

by Good and h is co llea g u es (review ed by Good e t a l . ,  1971). They 

defined a com plete spectrum  of im m unological d eficiency  d ise a se s  - 

’the exp erim en ts of nature’ in which either c e l l  m ediated immunity 

or hum oral im m unity, or both, w ere absent.

The two com ponent concept of immunity is  now clearly  

estab lished; the ’’central" lymphoid organs, the thym us and bursa , 

producing lym phocytes which seed  the "peripheral" lymphoid organs, 

sp leen , lymph nodes and gut a sso c ia ted  lymphoid t is su e . In 

m am m als no equivalent of the avian bursa has been identified , and 

it  now se e m s  lik e ly  that the sou rce of the haem atopoietic stem  c e lls ,  

the foeta l liver  in the em bryo and the bone m arrow  in adults, is  a lso  

the s ite  of d ifferentiation  of bursa equivalent c e l ls .  In the peripheral 

lym phoid t is s u e s ,  c e lls  derived  from  the thym us have been term ed  

T c e lls  and those from  the bursa or its  m am m alian equivalent B c e lls  

(Roitt et a l . ,  1969).

2. DIFFERENTIATION AND DISTRIBUTION OF T AND B CELLS

2.1 D iffer entiation

Both T and B c e lls  a r ise  from  com mon a n cestra l haem ato­

poietic stem  c e lls .  T hese stem  c e l ls  are found in the yolk sac and 

foetal liv er  in em bryonic life  from  where they m igrate to , and se ttle  

perm anently in the bone m arrow. The pattern of developm ent which 

th ese  c e l l s  a ssu m e is  dependent on in fluences exerted  within the m icro ­

environm ent into which they m igrate.



Stem  c e lls  which m igrate into the thymus differentiate  

into th ym ocytes. They then undergo further differentiation into 

mature thym us lym phocytes after w hich they m ove out to the 

peripheral lymphoid t is su e s  where they assum e the ch a ra cter istic s  

of p erip hera l T c e lls .  This m igration to the peripheral t is su e s  

begins in the f ir s t  week of life (Owen, 1972) hence neonatally  

thym ectom ized  m ice grow up with a m arked deficiency of T c e lls .  

Thym ectom y by it s e lf ,  later in life , h a s  much le s s  effect. Most 

thymus lym phocytes are im m unologically incom petent and only a 

sm all proportion of medullary c e lls  (2-5%) are immunocompetent 

and p o s s e s s  m ost of the properties of peripheral T c e lls .

T here is  now considerable ev id en ce for heterogeneity  

within the peripheral T c e ll population as w ell. Evidence for 

functionally d istin ct sub populations cam e from  the work of Cantor 

and A sofsky (1972) who showed that tw o types of T c e lls  acted  

sy n erg istica lly  in graft versu s host (GVH) reaction s in m ice; the 

two c e l l s  d iffered  in distribution, rec ircu la to ry  ch a ra cter istic s  and 

thymus dependence. One ce ll (Tj) w a s  present mainly in the sp leen , 

didTiot re c ircu la te  and was markedly depleted two to six  w eeks after 

adult thym ectom y. The other (Tg) show ed the distribution and 

rec ircu la to ry  properties of typical T c e l l s ,  w as not depleted soon  

after adult thym ectom y, but was very sen sitiv e  to the effec ts  of ALS 

in v iv o .

On the b a sis  of these ob servation s, they proposed a m odel 

(Cantor, 1972; Raff and Cantor, 1971) in which T j and T g c e lls



Stem  c e l ls  which m igrate into the thymus d ifferentiate  

into th ym ocytes. They then undergo further d ifferentiation into 

m ature thym us lym phocytes after which they move out to the 

peripheral lym phoid t is su e s  w here they a ssu m e the ch a ra c ter is tic s  

of p erip hera l T c e l l s .  T his m igration to the peripheral t is su e s  

begins in the f ir s t  week of life  (Owen, 1972) hence neonatally  

thym ectom ized  m ice  grow up with a m arked deficiency of T c e lls . 

Thym ectom y by it s e l f ,  la ter in l i f e ,  has much le s s  effec t. Most 

thym us lym phocytes are im m unologically  incom petent and only a 

sm a ll proportion of m edullary c e l l s  (2-5%) are im m unocom petent 

and p o s s e s s  m ost of the p rop erties of peripheral T c e lls .

T here is  now considerab le evidence for heterogeneity  

within the p erip hera l T c e ll  population a s w ell. E vidence for 

functionally d istin ct sub populations cam e from  the work of Cantor 

and A sofsky (1972) who showed that two typ es of T c e lls  acted  

sy n erg is tica lly  in graft v er su s  h o st (GVH) reaction s in m ice; the 

two c e l ls  d iffered  in d istribution , recircu la tory  ch a ra c ter is tic s  and 

thym us dependence. One c e ll  (T^) was p resent mainly in the sp le en , 

did not rec ircu la te  and w as m arkedly depleted two to s ix  w eeks a fter  

adult thym ectom y. The other (T 2) showed the distribution and 

rec ircu la to ry  p rop erties of typ ica l T c e l l s ,  was not depleted soon  

after adult thym ectom y, but w as very sen sitiv e  to the e ffec ts  of ALS  

in v iv o .

On the b a s is  of th ese ob servation s, they proposed a m odel 

(C antor, 1972; Raff and Cantor, 1971) in which T j and T 2 c e lls
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belonged to the sam e c e l l  line, the c e ll being an earlier  stage  

of differentiation than the Tg ce ll. They su ggested  that the 

differentiation of T j to T 2 was driven by sp ec ific  antigen and usually  

took place in the sp leen , although T j c e lls  if they encountered antigen 

in the thym us, might d ifferentiate there. On differentiation  c e lls  

entered the rec ircu la to ry  pool.

The T c e ll com ponent of an immune re sp o n se  after prim ary  

or secondary im m unisation  was thought to depend on the m ore mature 

Tg c e ll,  the resp on se of the Tj c e ll being lim ited  to differentiation  

into a Tg c e ll .  Enhanced secondary resp on ses w ere  interpreted as 

being essen tia lly  a consequence of large num bers of T j c e lls  being  

driven to the T 2  stage of differentiation in the prim ary resp on se . 

Studies on the effect of adult thymectomy and ALS treatm ent on 

prim ary and secondary hum oral resp o n ses , have largely  confirm ed  

the validity of this m odel (reviewed by Cantor, 1972).

The pattern of B  ce ll development has b een  shown to be 

essen tia lly  s im ila r , in that stem  c e lls  m igrate to  the bursa where 

they differentiate into lym phocytes in one to two days. In itially , 

these c e lls  ex p ress  IgM on their surface and la ter  IgG. The bursal 

lym phocytes then m igrate  to the peripheral lym phoid t issu es .  

Embryonic bursectom y thus re su lts  in a m arked depletion of th ese  

peripheralised  B c e lls  and im pairm ent of antibody production.

U ntil recen tly  it  was assum ed that B lym phocytes form ed a 

homogenous c la ss  of im m unocom petent c e lls ,  but Playfair and 

P urves (1971) have p resented  evidence favouring the ex isten ce  of

___» t 1 * : 1



m ore than one type of B c e ll  (B j and Eg). B t  c e l ls  are thought to 

occur p referentia lly  in the bone m arrow  and can respond d irectly  

to so m e  determ inants on antigens such as SRBC. Bg c e lls  are  

thought to be located  m ainly in the sp leen  and can be tr iggered  to 

sy n th es ize  antibodies in the p resen ce  of helper T c e lls .  Whether 

B j and Bg c e lls  a re  d istin ct c la s s e s  of lym phocytes, B j synthesizing  

IgM and sw itching to IgG production has not yet been determ ined. 

Support for the concept of sub populations of B c e l ls  has a lso  com e  

from  the work of W eigle et a l. (1972), who have shown that sp leen  

and m arrow  B c e lls  show  m arked d ifferen ces in sen sitiv ity  to 

c o r tic o s te r o id s , and in the tim e required  for to lerance induction.

2.2 D istribution

Once T and B c e l ls  m ove out into the p eripheral lymphoid 

o rg a n s they lo ca lise  within d istin ct a rea s of the lymphoid tissu e . 

T h e se  T and B c e ll  com partm ents w ere f ir s t  recogn ised  by W aksman 

et a l .  (1962) in r a ts , and P arrott et a l. (1966) in m ice . They found 

that thym ectom ized  an im als had se lec tiv e  a rea s  of depletion in the 

p er ia r ter io la r  reg io n s of the sp len ic white pulp, the mid and deep  

co r te x  of lymph nodes and interfollicu lar a rea s  of ga stro -in testin a l 

t i s s u e .  T hese a rea s  w ere term ed ’thymus dependent' a rea s by 

P a rr o tt et a l. (1966) w hile the reg ion s unaffected by thym ectom y -  

f o l l ic le s  and peripheral reg ion s of the sp len ic white pulp, lymph 

f o l l ic le s  and m edulla in lymph nodes, and the fo ll ic le s  in ga stro ­

in testin a l tis su e  -  w ere term ed ’thymus independent’.

The ex isten ce  of th ese  a re a s , and the ability  of T and B
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c e lls  to recogn ise them h as been confirm ed by c e ll traffic stu d ies  

in which rad io-labelled  c e l ls  injected  into m ice and ra ts  have b een  

shown to m igrate preferentially  to T and B dependent areas of 

peripheral lymphoid t is s u e s  (P arrott and de Sousa, 1971; Howard  

et a l .,  1972; M itchell, 1972).

The concept of functionally d istinct T and B areas w as  

further strengthened by the observations of D avies et a l. (1969a, 

1969b, 1970). They found that w h ile antigens which evoked c e l l  

m ediated resp on ses such a s Oxazolone triggered off p ro lifera tive  

resp o n ses mainly in T a rea s  those antigens which evoked hum oral 

resp o n ses caused changes in T independent areas.

3. PROPERTIES OF T AND B LYMPHOCYTES 

3.1 Recirculation and life  span

Gowans (1959) dem onstrated that a considerable proportion  

of the lymphocyte pool recircu lated  continuously between blood and 

lymph. The functional sign ificance of this m assive  rec ircu la tio n  

i s  s t i l l  incom pletely understood, but recirculation  would see m  to be 

an efficient m echanism  for ensuring that sp ecific  lym phocytes came 

in contact with antigen and could a ls o  serve to d issem inate p rim ed  

lym phocytes throughout the body.

Much evidence has accum ulated suggesting that m ost 

recircu lating  lym phocytes are T c e l l s .  Experim ents with rod en ts  

have established that procedures which deplete T c e lls  -  neonatal 

thym ectom y, adult thymectomy irradiation and reconstitution  with



80 to 90% of th ese c e l l s  have been found to carry the theta antigen  

(a m arker for T c e l ls )  (Raff, 1971), and have a lso  been shown to 

home p referen tia lly  to the ’thymus dependent’ reg io n s of peripheral 

lymphoid tissu e  (Gowans and Knight, 1964). H ow ever, the 

observations of M cG regor and Gowans (1963) that prolonged thoracic  

duct drainage has no effect on secondary T dependent hum oral 

resp o n ses  im p lie s  that som e T c e lls  m ust lie  outside the rec ircu la tory  

pool.

The n atu re and extent of B lym phocyte rec ircu la tion  is  

con troversia l. W hile Sprent and M iller (1972) have shown that T 

c e ll  deprived m ice  have re la tiv e ly  few  recircu latin g  c e l l s ,  Howard 

(1972) has dem onstrated  that, in ra ts , B c e lls  re c ircu la te  on a 

com paratively la r g e  sca le . It seem s likely  that, although B c e lls  do 

rec ircu la te , the proportion  of such c e lls  is  much le s s  than of T c e l l s .  

Further, they appear to rec ircu la te  at a much slow er tem po than T 

c e lls  (Howard, 1972; Sprent, 1973, 1974).

The pattern  of lymphocyte recircu lation  appears to be 

influenced by v a r io u s  fa cto rs. Immunisation for instance, has been  

shown to cause a n o n -sp ec ific  trapping of lym phocytes (Z atz and L ance, 

1971); a lso , soon  after im m unisation, transient antigen sp ecific  

u n resp on siven ess due to se lec tiv e  rem oval of certa in  lym phocytes 

has been ob served  (Sprent et a l . ,  1971), while M cGregor eit al. (1971)

bone m arrow , or A L S treatm ent, cause a pronounced reduction in

the number of re c ircu la tin g  c e lls  recoverab le  from  the thoracic

duct (M iller and M itch e ll, 1969; Tyler e t a l . ,  1968). F urther,
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and K oster et a l. (1971) have shown that, if activated  T c e lls  from  

L ister ia  m onocytogenes infected ra ts are injected into syngeneic 

rec ip ien ts, the c e lls  do not return to the thoracic duct, but m igrate 

into inflam m atory exudates. A greater understanding of m echanism s 

of th is sort might prove to be important in explaining the altered  

patterns of lym phocyte movement found in anim als responding to 

infectious agents.

Lym phocytes a re  a lso  heterogenous in r e sp e c t  of life  span 

and co n sist of short and long lived populations. Although T c e lls  

have often been equated with long lived c e lls  and B c e lls  with short 

lived  c e lls ,  stud ies on rodents suggest that both T and B ce ll pools 

contain s im ila r  proportions of long and short lived  c e lls  (Sprent and 

M iller, 1972). H owever, there is  recen t evidence that long lived  

T c e lls  m ight have a longer average life  span than long lived B ce lls  

(Sprent and B asten , 1973; Sprent, 1974).

3.2 Surface ch a ra cter istic s

In recen t y ea r s , the lymphocyte surface has been the subject 

of much carefu l investigation . Important d ifferen ces between the 

su rfaces of T and B c e lls  have been dem onstrated. Such surface  

d ifferen ces have proved invaluable in fractionating, purifying and 

ch aracter isin g  lym phocytes, and have contributed much to the rapid 

advance of experim ental immunology over the la s t  decade.

Surface antigens

Probably the m ost important surface ch a ra cter istic  to be 

described  has been the theta alloantigen dem onstrated by R eif and
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A llen  (1963) on m ouse thym ocytes and later dem onstrated  by Raff 

(1969) on peripheral T c e lls . It i s  defined by alloantibody made in 

one stra in  of m ouse against thym ocytes of another and, being absent 

from  B lym phocytes, provides a sp ec ific  and convenient m arker for 

thym us derived  c e lls .  B c e lls  on  the other hand, have been shown 

to  p o s s e s s  easily  dem onstrable su r fa ce  im m unoglobulin, and a 

h eteroantigen  MBLA (m ouse s p e c if ic  B lym phocyte antigen) which 

can be defined by heteroantibody m ade in rabbits aga inst m ouse B 

c e l ls  (R aff et a l . ,  1971).

R ecep to rs

In addition to antigenic d iffer en ces , sp ec ific  recep to rs have 

a lso  b een  identified on the su r fa c e  of lym phocytes. B c e lls  have 

been shown to p o sse s s  com plem ent recep tors for binding to antibody - 

antigen -  com plem ent com plexes by N ussenzw eig  and co lleagues  

(B ianco e t a l., 1970), and a lso  r e c e p to r s  for the F c part of com plexed  

im m unoglobulin (F c receptors) b y  Basten et a l. (1972 a & b). H ow ever, 

not a ll B  c e lls  carry com plem ent recep to rs, for la rg e  num bers of 

c e l ls  lack ing such recep tors h ave been dem onstrated  in the p eripheral 

lym phoid tissu es  of nude m ice and  they a lso  appear to be absent from  

antibody form ing c e lls  (Dukor, c ite d  by G reaves et a l . ,  1973).

Fc recep to rs are thought to occur on a ll m ouse B c e l l s ,  

and although not present on r e s t in g  T ce lls , they have been dem onstrated  

on activated  T c e lls  (Yoshida and A ndersson, 1972). They are a lso  

p resen t on c e lls  of the m onocyte macrophage s e r ie s  (Van Furth,

1974).



3.3 R esp o n siv en ess to m itogens

T and B lym phocytes can a lso  be distinguished by their  

ability to respond in v itro  to a range of m itogens such as the 

phytom itogens, b acteria l products, or antibodies to lymphocyte 

surface antigens. W hile plant lectin s such as Phytohaem agglutinin  

(PHA), Concanavalin A (Con A) and L entil have been shown to 

stim ulate T c e l ls ,  other m itogens such as B acteria l lipopolysaccharide  

(LPS) a ct se lec tiv e ly  on B c e lls , while s t i l l  others such as Pokew eed  

m itogen (PWM) have the ability to stim ulate both T and B c e l ls .

The r e sp o n ses  of T and B lym phocytes to these polyclonal m itogens  

have provided convenient methods for assaying  the functional sta te  

of the lym phocyte pool in experim ental and c lin ica l situations. 

H ow ever, recen t evidence suggests that resp o n ses of lym phocytes  

to th ese  m itogens may not be as uniform a s was originally  supposed. 

For in stan ce , Stobo and Paul (1973) have evidence for d ifferen ces  

between Con A and PHA responsive T c e lls  in m ice; Con A can  

activate a sub population of T c e lls  which is  unresponsive to PHA.

3.4 S en sitiv ity  to im m unosuppressive agents 

Antilym phocyte serum  (ALS)

ALS is  a powerful im m unosuppressive agent which e x e r ts  

its  e f fe c ts  by p referentia l depletion of the recircu lating  pool o f T 

c e lls  (L ance, 1970). Evidence for its  effect on th is c e ll population  

has com e from  observations on ALS treated m ice which have been  

shown to p o sse ss  a m arkedly reduced ability to mount T c e ll  dependent 

re sp o n se s  (c e ll m ediated functions such a s delayed h yp ersen sitiv ity ,



graft rejection  and thym us dependent hum oral re sp o n ses) (L ance,

1970), depleted thym us dependent areas (Taub and L ance, 1968), 

few  theta p ositive and PHA responsive c e lls  or th oracic  duct lym pho­

cy tes  (Sch lesinger and Yron, 1969; Tyler et a l . ,  1968).

Although T dependent humoral r e s p o n s e s  are im paired , 

resp o n ses  to thym us independent antigens are unaffected , B c e lls  

appearing to be in se n s itiv e  to ALS. This sp a rin g  of B c e lls  is  

thought to be due to the inability of ALS to p en etrate lymphoid tissu e  

(Denman and F ren k le , 1968); m ost B c e lls  b e in g  n on-rec ircu lating , 

rem aining within lym phoid tissu e.

The in se n s itiv ity  of secondary hum oral resp o n ses  to ALS 

i s  a lso  thought to b e due to the presence of s o m e  n on-recircu lating  

T c e lls  (L ance, 1970).

Drugs

The e ffe c ts  of a range of drugs on T and  B c e ll  r e sp o n ses  

have been studied (rev iew ed  by G abrielson and Good, 1967). While 

som e of th ese drugs have been shown to ex ert p referen tia l e ffec ts  

on either T or B c e l l  re sp o n ses , others show lit t le  or no sp ec ific ity . 

The m ajority of them  are  cytotoxic and appear to in terfere  with c e ll  

proliferation . The e ffec t of cyclophospham ide, on m ice and guinea 

pigs has been in vestiga ted  in som e detail (Turk and P o u lter , 1972) 

and appears to d ep lete  B c e lls  m ainly, there b e in g  a sparing of T 

c e lls  and T dependent areas in treated a n im a ls . H ow ever, the m ore  

recen t work of Jok ip ii and Jokipii (1973) who o b serv ed  e ffec ts  on c e ll  

m ediated re sp o n se s  a s  w ell, have cast doubts on the sp ec ific ity  of th is



Azathioprine (Im uran) on the other hand, appears to have 

a g re a ter  e ffec t on T c e lls ;  in m ice , T -ro se tte  form ing c e lls  are  

m o r e  sen sitiv e  to its  e ffec ts  than B -ro se tte  form ing c e lls  (Bach, 

1973).

C o rtico stero id s

C o rtico stero id s a re  im m unosuppressive because of their 

an ti-in flam m atory  and lym pholytic p rop erties, and in m ice different 

lym phocyte populations show varying su scep tib ilities  to stero id s.

In perip heral lym phoid t is s u e s ,  they act mainly on B c e lls ;  helper 

T c e l l s  and GVH resp o n siv e  c e lls  being unaffected (Cohen and Claman, 

1971). Antibody form ing c e lls  are a lso  in sen sitive  to the effects of 

s te r o id s , hence hum oral r e sp o n ses , once estab lished , are steroid  

r e s is ta n t .

The e ffec ts  of s tero id s on thym ic cortica l c e lls  are w ell 

esta b lish ed  (W arner, 1964). They are a lso  known to inhibit PHA 

resp o n s iv e  c e l ls  in the m ouse and may a lso  in terfere with T ce ll  

re c ircu la tio n  (L evine and Claman, 1970; Cohen, 1972).

4. CELL INTERACTIONS AND IMMUNE RESPONSES 

4 .1  G eneral com m ents

So far the nature and properties of immunocompetent c e lls  

h a v e  been outlined. Some functional a sp ects  of resp o n ses mediated  

by th ese  c e l ls  w ill now be d iscu ssed .

When an im m unogen com es in contact with and com bines



with its  corresponding receptor on an immunocompetent c e ll ,  one 

of many things can happen; it can tr ig g er  off a resp o n se , induce a 

state of non resp o n siv en ess  or p a ra ly sis; alternatively it m ay not 

be influenced by the encounter. W hether or not a respon se i s  

initiated ( i .e . whether an im m unocom petent c e ll  is  sw itched on  or 

off), and the nature and k inetics of a respon se if it is  tr ig g ered  

depend on a number of fa cto rs . The nature and concentration  of the 

immunogen, its  im m unogenicity and mode of presentation, th e  type, 

functional status and previous exp erience of the im m unocom petent 

c e ll are  som e of the cr iter ia  involved.

Both T and B c e lls  are able to respond to antigens, but 

while a number of antigens trigger o ff resp on ses in both T and  B 

c e ll p o o ls, o th ers tend to p referentia lly  activate only one c e l l  type. 

Antigens which in itiate resp o n ses in the T c e ll  pool are term ed  

thymus dependent antigens, while o th ers which provoke r e sp o n se s  

exc lu sive ly  in the B c e ll  pool are term ed  thymus independent 

antigens. Com plex antigens a re lik e ly  to p o sse ss  both thym us  

dependent and independent com ponents. The main fea tu res and 

sign ificance of such thymus dependent and independent r e sp o n se s  

w ill be con sidered .

4.2 Thymus dependent resp on ses

Thym us dependent re sp o n se s  are those which depend on 

the T c e ll  pool for their exp ression . Whether an immune re sp o n se  

i s  thymus dependent or not, can be ascertained  by com paring the 

ability of norm al and T c e ll dep leted  anim als or ce ll populations to



carry out that p articu lar resp o n se . T c e ll  dependent immune 

reaction s include c e ll  m ediated re sp o n ses  (such as delayed hyper­

sen sitiv ity , g ra ft rejection  and GVH reactions) in which T c e lls  act 

alone or sy n e rg is tica lly  with m acrophages, m onocytes, etc . (no 

antibody is  in vo lved  in such reaction s); and thymus dependent 

humoral r e s p o n s e s  in which T c e lls  co-operate with B c e lls  in the 

production of hum oral antibodies, the T c e lls  serv in g  a "helper" 

function. The e sse n tia l featu res of these d ifferent types of T ce ll  

dependent r e s p o n s e s  w ill be d escr ib ed .

Cytotoxicity m ediated  by sp ec ifica lly  sen sitized  T c e lls

When an antigen is  a norm al or abnorm al constituent of a

ce ll m em brane, antigen stim ulated  T c e lls  d ifferentiate into sp ecific

cytotoxic T lym p h ocytes, which are  able to destroy d irectly  target

c e lls  carry ing  the sen sitiz in g  antigens (review ed  by C erottini and

Brunner, 1974). This phenomenon has been studied exten sive ly  in

allograft and tum our sy stem s (Perlm ann and Holm, 1969). With
51appropriate m ethods such a s m easuring the r e le a se  of Cr from  

labelled  ta rg et c e l l s ,  it is  p o ssib le  to quantitate the activ ity  of such 

cytotoxic c e l l s  and hence study their ro le  in graft re jec tion , tumour 

immunity and im m unity to in fectious agents.

The m echanism  of T c e ll  m ediated cytotoxicity has not been  

defined in m olecu lar term s. Follow ing sp ecific  contact between a 

cytotoxic T lym phocyte and the relevant target c e ll ,  irrev ers ib le  

changes in the perm eability  of the target c e ll  m em brane are  thought 

to occur ra p id ly . One cytotoxic lym phocyte can ly se  sev era l target
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c e l ls .  The reaction  is  independent of com plem ent, and is  inhibited  

by antibodies d irected  against the relevant target ce ll antigens. 

C ytotoxicity m ediated by m acrophages

When immune T ce lls  are  confronted with sp ecific  antigen 

they can a lso  elaborate various non antigen sp ec ific  factors or 

"lymphokines" (Dumonde et a l . , 1969) such a s m igration inhibition 

factor (M IF), chem otactic factor, m itogenic fa c to r , e tc .,  which are 

p rim arily  concerned with "activating" m acrophages. A s a 

con sequence, m acrophages acquire an in crea sed  non sp ec ific  m icro­

b ic id a l capacity and may exert a non sp ecific  cytotoxicity .

In v itro  stud ies have shown that norm al m acrophages may 

a lso  be made sp ecifica lly  cytotoxic by contact with immune lymphoid 

c e l ls  or c e ll  fr ee  supernatants from  cultures of immune lymphoid  

c e l l s  incubated with antigen. The c e ll  free  supernatants appear to 

contain a sp ec ific  arm ing factor (SMAF) elaborated  by immune c e lls  

which are cytophilic fo r , and confer sp ecific  activ ity  on, m acrophages 

(Alexander et a l . ,  1972).

Antibody dependent c e ll  mediated cytotoxicity

T arget c e lls  coated with IgG antibody may be sp ecifica lly  

ly sed  in v itro  in the presence of norm al lym phoid c e lls  carrying  

su rface recep to rs d irected  against the Fc portion of the IgG m olecule  

(review ed  by MacLennan, 1973; Forman and M oeller, 1973). The 

effector c e lls  have not been defin itely characterized  but a "third 

population" of lymphoid ce lls  (non T; non B; non adherent and non 

phagocytic) have been im plicated and shown to ly se  antibody coated
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chicken RBC, and tissu e  cu lture c e l ls  in v itro . Although this form  

of cytotoxicity is  m ediated by a non T c e ll ,  IgG production and hence  

th e overa ll resp on se  is  thym us dependent. This m echanism  is  

d isc u sse d  further in Chapter 5.

Thym us dependent hum oral antibody responses

Although T c e lls  do not se c re te  antibody like B c e lls ,  it i s  

now  estab lished  that they play an important role in helping B c e lls  

to  make antibody to a w ide range of antigens - T c e l ls  acting as  

"helper" c e lls .  The dem onstration  of such T-B  c e ll  synergy was 

a sign ificant advance in im m unology since it explained the im paired  

hum oral resp o n ses  in T c e l l  d efic ien t anim als and in congenitally  

hypothym ic children.

Evidence for su ch  T-B  c e ll  co-operation cam e from  the 

w ork of Claman et a l. (1966) who showed that irradiated  m ice given  

both thymus and bone m arrow  c e lls  made a greater antibody resp o n se  

to  SRBC (sheep  red  blood ce lls) than recipients of only thym ocytes 

o r  bone m arrow c e lls .  Subsequently, Davies et a l. (1967) showed  

that T c e lls  could not m ake antibody, while Miller and M itchell 

(1968) provided further ev id en ce that the antibody form ing c e lls  w ere  

in  fact derived  from  the bone m arrow  and were not T c e lls .

Although it is  now  estab lished  beyond any doubt that T -B  

c e l l  co-operation  o c c u r s , the m echanism  of such co-operation  

rem a in s con troversia l. The stu d ies of Mitchison <2t a l. (1970) with 

ch em ica lly  defined an tigen s have shown that T -B  c e ll  co-operation  

involves T c e lls  responding to one antigenic determ inant on an



im m unogen, and helping B c e lls  to recogn ize a d ifferent determ inant 

on the sam e immunogen. This gave r is e  to the concept of an 

"antigen bridge" and although it now seem s that such a bridge  

between T and B c e ll  recep to rs is  essen tia l for co-operation  to occur, 

it i s  uncertain whether the bridging occurs between T and B c e lls  

th em se lv es , or between re lea sed  T ce ll recep to rs and B c e lls .  Such 

recep to rs might be taken up on the surface of m acrophages which 

then bridge with B c e lls . V ariations of th is m odel have been pro­

posed by B retsch er  and Cohn (1970) and by Lachmann (1971).

H owever, Feldm an et a l. (1973) have presented str ik ing  evidence  

that in som e in v itro  resp o n ses  co-operation may involve the re le a se  

by T c e lls  of antigen sp ec ific  IgM like factors com plexed with antigen, 

which are subsequently taken up by m acrophages. The p rec ise  

functional sign ificance of such an "antigen bridge" is  uncertain . It 

could serv e  to p resen t antigen to B c e lls  in a particu larly  im m uno­

genic form  and m ight a lso  help to bring B and T c e lls  together so that 

short range fa c to rs  re le a sed  by T c e lls  might operate.

The amount of T c e ll  help required for the production of T 

dependent antibody v a r ies  considerably depending on the c la ss  of 

antibody involved. For instance, IgG resp o n ses are m ore T c e ll  

dependent than IgM resp o n ses . Nude m ice injected  with SRBC 

contain d irect IgM but few  indirect IgG plaque form ing c e lls  (PFC) 

in the sp leen , and produce haem olysins but not haem agglutinins 

(Kindred, 1971; P antelouris and F lisch , 1972; W ortis, 1971). In 

T c e ll deprived m ice injected with SRBC IgG, PFC a re reduced



rather than IgM PFC (Taylor and W o rtis , 1968) and the IgG^ respon se  

to KLH (K eyhole lim pet haemocyanin) and BSA (Bovine serum  

albumin) is  reduced  m ore than other s u b -c la s s e s  in thym ectom ized  

m ice (T o rr ig ia n i, 1972). In the m ouse anti-SRBC resp o n se  the 

amount of T c e ll  help required  seem s to  d ecrease  in the order of 

IgG1,IgG 2a , IgG2b and IgM. IgA and IgE antibody re sp o n ses  a lso  

appear to be T c e ll  dependent. F u rth er , although IgG antibody 

production is  usually T c e ll  dependent, IgG serum  immunoglobulin 

lev e ls  a re  within the norm al range in neonatally thym ectom ized  

m ice (A rnason et a l .,  1964; Fahey et a l . ,  1965; Humphrey et a l.,  

1964).

4.3 Thym us independent respon ses

C erta in  im m unological r e sp o n se s  can occur in tho absence  

of thym us influence -  thymus independent re sp o n ses . G enerally, 

a re sp o n se  i s  considered  T independent if a T c e ll  depleted animal 

does not d iffer significantly  from an appropriate control in its  

resp o n se  to the immunogen.

A number of antigens are known to e lic it  T independent 

resp o n ses  -  pneum ococcal polysaccharide (Howard et a l., 1971), 

b a cter ia l lipopolysaccharide, polyvinyl pyrrolidone (Andersson and 

B lom gren , 1971), and polym erized f la g e lla i (A rm strong et a l .,  1969). 

T hese antigens are characterized  by th e  fact that they are large  

polym eric m olecu les with repeating id en tica l determ inants, are  

poorly ca tab o lised , and p ers is t for lo n g  periods in vivo (F elton , 1949).

The r e sp o n se  to such antigens often tend s to be m acrophage as w ell



as T c e ll  independent, and is  a lm ost exc lu sively  an IgM antibody 

resp on se . T independent antigens tend to induce poor im m unological 

m em ory.

4.4 S ign ificance of thymus dependence

The exact b iological sign ificance of thymus independent IgM 

resp o n ses in an im als p o ssess in g  a fu ll com plem ent of T c e lls  and 

the ability  to produce a wide range of immunoglobulins is  obscu re.

But such re sp o n ses  could be important in protection against b acteria l 

antigens s in ce  th ese  p o sse s s  repeating determ inants and are good 

exam ples of T independent antigens. Protection  against such antigens 

i s  thought to depend on the rapid production of antibody with the 

capacity to n eu tra lise  their toxic e ffec ts , and T independent IgM 

resp o n ses  probably fu lfil this ro le .

H ow ever, resp o n ses to other m icro -o rg a n ism s, in tra- 

and ex tra -ce llu la r  p arasites and tumours depend d irectly  or 

indirectly  on the T c e ll  pool, despite the fact that som e of th ese  

antigens such a s  the m icro -organ ism s probably carry repeating  

determ inants on their surface. Basten and Howard (1973) have 

argued that th ese  immunogens probably "see" both T and B c e l ls ,  

but the h o sts  have opted to develop T dependent immune p ro c e sse s  

b ecau se re sp o n ses  dependent on B c e lls  alone might be lim ited  in 

som e r e s p e c ts ,  and hence could prove a d istinct disadvantage in 

term s of su rv iva l of the host. For instance, the inability of B ceU s  

to develop m em ory or be rapidly m obilised  might be a ser io u s  

disadvantage to the h ost, w hereas if antigen reacted  with T c e lls  in
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the rec ircu la tin g  pool it  would bring into operation a  much wider 

range of r e sp o n se s . Interaction with T c e lls  would perm it the 

developm ent of a fu ll ran ge of hum oral r e sp o n ses , m obilization  of 

other effector c e lls  due to the r e le a se  of factors by sen sitized  T 

c e l ls ,  the in itiation  of inflam m atory re sp o n ses , kinin  r e le a s e ,  

com plem ent and coagulation  cascad es and p hagocytosis (Good e t a l .,  

1971). H ence in teraction  with T c e lls  p erm its d iv ersifica tio n  of 

the immune resp o n se  and activation of a much w ider range of host 

d efences.

5. MODULATION OF IMMUNE RESPONSES

Not only is  the vertebrate immune sy stem  capable of 

effecting  a wide range o f immune re sp o n ses , but i t s  im m uno­

com petent c e lls  have a ls o  developed the potential to  carry  out a 

com plex range of h om eostatic  m echanism s by m ean s of which they 

regulate each oth ers functions. Both T and B c e l l s  are now known 

to be capable of su p p ressin g  and enhancing im m une re sp o n ses .

5.1 Suppression of im m une resp o n ses

P a ss iv e ly  ad m in istered  antibody has been known to exert  

su p p ressive  e ffec ts  by "feedback inhibition" (Uhr and M oeller , 1968). 

Such antibody m ediated suppression  is  immunogen sp ec ific  and could 

be due either to the antibody m asking determ inants on the immunogen  

or preventing the im m unogen from  com ing in contact with B c e lls .  

Evidence for the la tter p ossib ility  com es from  the work of S inclair  

(1969V who found that rem ova l of the Fc fragm ent red u ces the



Antibody can a lso  suppress T c e ll re sp o n ses . P a ssiv e ly  

adm inistered  antibody enhances tumour growth in v ivo , while 

antibody o r  antigen-antibody com plexes in the serum  of tumour 

bearing an im als prevents the anim als T c e lls  from  killing the tumour 

c e lls  (rev iew ed  by HellstrOm and HellstrO m , 1974). The m echanism  

of this su p p ression  of T c e ll function is  con troversia l but antibody 

could r e a c t  with antigen thus protecting it from  T ce ll attack or the 

antibody could cover antigenic determ inants on the tumour hence 

preventing it from  e lic itin g  an effective resp o n se  in the T ce ll pool. 

There i s  a lso  som e evidence that B c e lls  exert control on other 

T ce ll r e sp o n se s  such as delayed h ypersen sitiv ity . B c e ll  depletion  

of guinea pigs with cyclophospham ide re su lts  in enhanced T c e ll  

r e sp o n se s  such as the Jones-M ote form  of delayed hypersensitivity  

(Turk and P oulter, 1972).

The ability of T c e lls  to function a s  "helper” c e lls  has been  

d isc u sse d . In recen t y ea rs a considerable amount of evidence has 

accum ulated suggesting that T c e lls  may a lso  suppress immune 

r e sp o n se s  and hence function as "suppressor" c e lls  (review ed by 

D roege, 1973a; G ershon, 1974). In view  of th is functional duality 

p o sse s se d  by T c e l l s ,  the term  "regulator ce ll"  (Katz and 

B en acerraf, 1972) has been suggested  a s  being more appropriate. 

Both sp ec ific  and non sp ecific  suppression  has been attributed to T

su p p ressiv e  effect of such antibody.

ce lls .



Specific su pp ression  by T c e lls

The f ir s t  rep ort of antigen sp ec ific  suppression  cam e from  

H oriuchi and W aksman (1968) who induced whole anim al to leran ce  

in r a t s ,  by the in tra-thym ic injection  of BGG (Bovine Gamma 

G lobulin). T hym ocytes from  such BGG inoculated ra ts  w ere la ter  

shown to be capable of transferrin g  to lerance to syngeneic rec ip ien ts  

(Ha and W aksman, 1973).

A number of experim ents in which adult thym ectom ized and 

ALS treated  m ice have given enhanced re sp o n ses  to T independent 

antigens such a s  pneum ococcal polysaccharide (Baker et a l., 1970; 

K erbel and E id inger, 1971) have a lso  been  interpreted on the b a s is  

that in norm al an im als these antigens instead of elic itin g  T c e l l  

help cause T c e lls  to produce su p p ressor  factors which are sp e c if ic . 

D roege (1971 and 1973b) has a lso  ch aracter ized  a bursa dependent 

population of "suppressor thym ocytes" , which have su p p ressiv e  

e ffec ts  when tran sferred  into norm al ch ickens and which can tran sfer  

sp ec ific  u nresp on siven ess if injected  with antigen.

Non sp ec ific  su pp ression  by T c e lls

It has a lso  been cla im ed that antigenic com petition (A ld er , 

1964) is  due to T c e lls  d irectly  or ind irectly  causing the production  

of su p p ressive  fa c to rs  (see  G ershon, 1974). Although a lternative  

explanations have been put forward to explain th is phenomenon 

(review ed  by P r o ss  and E idinger, 1974), Gershon (1974) has 

m arshalled  a considerable amount of evidence supporting the idea  

that su p p ressiv e  fa c to rs  may be involved. T hese include the



observation that the phenomenon is  often rev ers ib le  in that c e lls  

undergoing com petition respond norm ally when rem oved from the 

local environment (W aterston, 1970), and the dem onstration by 

Veit and Michael (1972) of an in crease in a factor which could 

directly  and non sp ec ifica lly  inhibit T c e ll  resp on ses in the serum  

of m ice showing com petition.

Although the literature has been flooded in recen t months 

with reports of sp ec ific  and non sp ecific  suppression  m ediated by 

T c e lls ,  the identity and p recise mode of action of suppressor T 

c e lls  is  s t ill  obscure. Droege however has speculated on the 

possib ility  that th ese  c e lls  might resid e  in the thymic cortex  

(Droege, 1973a).

5.2 Enhancement of immune resp on ses

Antibody h as been shown in certa in  situations to enhance 

humoral respon ses to the corresponding antigen (e .g . Henry and 

Jerne, 1968). Enhancem ent of both IgM and IgG resp o n ses has 

been dem onstrated. W hile the work of Derniert (1971) suggested  

that the enhancing e ffec t of IgM anti SRBC antibody w as related  to 

its  capacity to concentrate antigen in the sp leen , the m ore recen t 

demonstration by Schierm an and M cbride (1972), that in neonatally 

thym ectom ized ch ick en s antibody can suppress but not enhance 

resp on ses to a llogen eic  RBC, has im plicated T c e lls  in the pheno­

menon of antibody induced enhancement. Although there have been  

suggestions that antibody might a lso  enhance "pure" T ce ll re sp o n ses  

e.g . acceleration  of graft rejection  (Baldamus et a l . ,  1973) the



evidence is  lim ited  and not very convincing.

SECTION II. THE IMMUNE RESPONSE TO INFECTIOUS 
AGENTS

1. GENERAL COMMENTS

The range of im m une resp o n ses available to a vertebrate  

h ost has been  outlined. The manner in which the h o st u tilise s  

th ese  re sp o n se s  to defend itse lf  against in fectiou s agents w ill now 

b e con sidered .

A s the p rop erties of pathogenic m icrob es a re  extrem ely  

v a ried , the h ost h as evolved  an equally wide rep er to ire  of resista n ce  

m ech an ism s which it can u se  in s e lf  defence. For instance, the 

com ponents of immunity involved in r e s is t in g  v ir a l infections 

include the r e s is ta n c e  of individual c e lls  to in fection , loca l factors  

such a s tem perature or acid ity , the form ation of in terferon , the 

re s is ta n c e  of m acrophages, and sp ecific  hum oral and c e ll  m ediated  

resp o n ses  (A lliso n , 1972).

In fectious agen ts in turn have developed a s e r ie s  of subtle  

m ech an ism s by m eans of which they attempt to outwit the host.

T his is  w e ll exem plified  by som e protozoal and m etazoa l p arasites  

which are ab le to evade sp ec ific  immune re sp o n se s  and p e rs is t  in 

im m unised h o sts  by modulating their su rface antigens (Trypanosom es 

and m alaria  p a ra site s) , acquiring host antigen on their surface  

(S ch isto so m es), or p ersistin g  in im m unological in a ccess ib le  s ite s  

(T rypanosom a m u scu li).



H owever, it is  not intended in this section  of the rev iew  to 

catalogue the num erous interactions between hosts and different 

in fectiou s agents in any great detail; rather, it is  an attempt with 

the u se  of a few se lec ted  exam ples, to highlight the d iversity  of 

sp e c if ic  immune m echanism s used  to combat infectious agents.

Innate re s is ta n c e  m echanism s w ill not be d iscu ssed . For the sake 

of conven ience, hum oral and ce ll mediated resp o n ses are d iscussed  

sep a ra te ly , but it can hardly be over-em ph asized  that there is  

con siderab le interaction between these two efferent lim bs of the 

im m une resp on se which often act together to control infections.

2 . ANTIBODY MEDIATED RESPONSES

Serum antibodies are known to be important in controlling  

a num ber of b a cter ia l, v ira l and protozoal infections (review ed by 

A lliso n , 1974; Mauel and Behin, 1974). The im portance of antibody 

i s  u sually  dependent on whether the infectious agent is  an in tra ­

ce llu la r  or extracellu lar pathogen, and on its  mode of replication  

and d issem ination . If the infectious agent concerned is  an in tra­

ce llu la r  parasite which can multiply and spread without reco u rse  to 

an extrace llu lar  environm ent, antibody would have no a c c e ss  to it, 

and by itse lf  would be quite ineffective in controlling such an infection.

P rotective  antibodies can act on infectious agents in a number 

of d ifferent w ays. In bacterial infections antibodies can be purely 

an titox ic , in which case they are concerned with the prevention of 

t is su e  damage that favours growth of the organism . A lternatively, 

antibodies to c e ll wall antigens can be ly tic , effecting b acter io lysis



in the p resen ce  of com plem ent; both IgM and IgG can serv e  a s  

lytic an tibodies. In other situations the antibody can collaborate  

with phagocytic c e l ls  and act as opsonizing or cytophilic (Boyden, 

1974) antibody.

In a number of v ira l in fections, antibodies act by 

neutralizing  a v iru s  either at the point of entry - such a s a m ucous 

m em brane, or in the blood, and hence prevent its  d issem ination . 

T here have been recen t reports (Shore et a l .,  1974; R ager-Z ism ann  

and B loom , 1974) that antibody dependent cytotoxicity might a lso  be 

an im portant m echanism  in controlling the spread of v ira l in fection s. 

The pred iction  of A llison  (1972) that this m echanism  would operate  

in v ira l in fection s has been confirmed by the dem onstration that 

antibody acting sy n erg istica lly  with non immune effector c e lls  can 

destroy h erp es sim p lex  virus (HSV) infected target c e lls .

The ro le  of antibody in infections has been analysed  to a 

large extent by the p a ssiv e  transfer of serum  antibodies from  

immune to non im m une recip ien ts. A recen t m odification of th is  

experim ental approach has been to im m unosuppress the rec ip ien ts  

with cyclophospham ide, and then determ ine whether serum  antibodies 

can r e v e r s e  the in crea sed  susceptib ility  of th ese  an im als. U sing  

the la tter approach Nathanson and Cole (1970) and A llison  and 

cow orkers (review ed  by A llison , 1972) have estab lished  an important 

ro le  for serum  antibodies in a number of v ira l in fections.

(*



40

3. CELL MEDIATED RESPONSES

P athogens which are intracellu lar, particularly those which 

can su rv ive and m ultiply within mononuclear phagocytes and are  

h ence largely  sh eltered  from  serum  antibodies, tend to e lic it  ce ll 

m ediated immune (CMI) resp o n ses. The m anifestations of CMI used  

to r e s is t  in fectious agents include d irect k illin g  by sen sitized  T ce lls  

and m echanism s in which there is  collaboration between T c e lls  and 

m acrophages.

D irect T c e ll  k illing appears to be lim ited  to v ira l infections, 

in which c e lls  containing growing virus or exp ressin g  v ira l antigens 

on their su rface a re  recognized  and destroyed  by sp ecifica lly  

sen s itiz ed  lym phocytes (Speel et a l .,  1968); the m echanism  is  

particu larly  re levan t to c e lls  containing slow ly  multiplying or 

oncogenic v iru ses . This m echanism  has not been shown to operate  

in b a cter ia l or protozoal infections. Although Bray and B ryceson  

(1968) and B ryceson  et al. (1970) claim ed th ere  was d irect k illing of 

L eishm ania en riettii infected guinea pig m acrophages by sen sitized  

lym phocytes, the p ro cess  has now been shown to be non sp ecific  

(M auel and B ehin, 1974).

In the m ajority of infections in which ce ll m ediated respon ses  

are  an integral part of the protective resp o n se  there appears to be 

sy n erg ism  between sen sitized  T c e lls  and other non sp ecific  inflammatory 

c e l ls  such as m acrophages. Specifically sen sitized  T c e lls  usually  

reco g n ize  antigens in foci of infection and tr igger off a resp on se  

resu ltin g  in an influx of inflammatory c e lls  to  the s ite  of infection.



The interaction  betw een T ce ll and m acrophage can include attraction , 

a r r e s t ,  and activation  of the m acrophage and is  thought to be m ediated  

by a  range of lym phokines (Dumonde et a l . ,  1969) such a s  m igration  

inhibitory factor (M IF), macrophage attraction factor (MAF), e tc ..

The im portance of th ese  different phases of m acrophage activity  

v a r ie s  in d ifferent in fection s, while in som e attraction is  of prim e 

im p ortan ce, in o th ers the key event is  activation.

Two in fection s in which these phenomena have been exam ined  

in con sid erab le  d eta il are  L isteria  m onocytogenes (a b acteria l 

infection) and ec tro m elia  v irus infection (m ouse pox) (review ed by 

B landen , 1974). M acrophages from  L ister ia  infected m ice p o s s e s s  

enhanced n o n -sp ec ific  m icrobicidal activ ity  produced by sp ecific  

im m unological p r o c e s s e s .  R esistan ce to infection develops in 

p a ra lle l with m acrophage activation and the developm ent of delayed  

h y p ersen sitiv ity  to L ister ia  antigens. Immunity and delayed h yper­

sen s itiv ity  are transferab le with immune lym phocytes but not with 

ser u m . T reatm ent of these c e lls  with anti-theta antiserum  a b o lish es  

th e ir  e ffec t, im plying that the effective  c e lls  are T c e lls  (Lane and 

Unanue, 1972; Y o u d im e ta l . ,  1973).

In ec tro m elia  infections in the m ouse, c e ll  m ediated r e sp o n ses  

a re  crucia l for the developm ent of immunity (Blanden, 1974). Blanden  

(1 9 7 0 , 1971a & b) has analysed the host respon se to th is infection in 

g rea t deta il, and has shown that T c e lls  are  e sse n tia l for initiating  

reco v ery  from  infection . T reatm ent of infected m ice with ALS 

ab rogates the p rotective respon se but an ti-v ira l antibody titres  and
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interferon lev e ls  are  unaffected , suggesting that these fa c to rs  do 

not contribute sign ificantly  to the protective response. Specifica lly  

sen sitized  T c e lls  appear to recru it inflammatory c e lls  to fo c i  of 

infection and phagocytes in th is infiltrate engulf the virus.

M acrophage activation o ccu rs but i s  thought to be of secondary  

im portance.

In certain  s itu a tio n s, accum ulation and activation o f  

m acrophages are in effective  in elim inating the infectious agen t, 

e.g . M ycobacterium  tu b ercu lo s is . In this ca se  the influx o f mono­

nuclear phagocytes continues and granuloma formation r e s u lts  

(WHO, 1973).

C ell m ediated phenomena are a lso  known to be im portant 

in a number of other in fections where the parasite can su rv iv e  and 

multiply within m acrophages, e .g . L eishm ania, Toxoplasm a and 

Trypanosom a cr u z i. M acrophage activation occurs in toxop lasm osis  

(H irsch et a l .,  1974) and in som e h ost-p arasite  com binations of 

L eishm ania (Mauel and B ehin, 1974) but the immune re sp o n se  to 

these infections probably involves other components as w e ll which 

are s t i l l  incom pletely understood.

4. IMMUNOLOGICAL CONSEQUENCES OF INFECTION

An im portant a sp ect of many infections is  that they resu lt  

in a sta te  of d ep ressed  im m unological resp on siven ess. T h is  

phenomenon was ob served  as early  a s 1908 by Von Pirquet who 

noticed that tuberculin rea ctio n s becam e negative during an attack

i»



V iral in fectio n s for instance have been shown to d ep ress  

humoral im m unity (e .g . Aleutian mink d ise a se , M arek’s d ise a se , 

N ew castle d is e a s e ,  and the murine leukaem ia v iru ses) or c e ll  

mediated im m unity (e .g . la c tic  dehydrogenase v iru s, influenza, 

chicken pox, p o lio ) , and various m echanism s including the infection  

and destruction o f lymphoid c e lls  have been im plicated  in the 

observed e ffec ts .

L actic dehydrogenase v irus which d ep resse s  c e ll  m ediated  

immunity has b een  shown to cause a rapid depletion of the thymic 

cortex and thym us dependent areas of peripheral lymphoid tissu e  

(Snodgrass and Hanna, 1970; Snodgrass et a l .,  1972). A ctive  

destruction of lym phocytes in thymus dependent a rea s has a lso  been  

observed in lym phocytic choriom eningitis (LCM) (Hanaoka et a l.,

1969), an in fection  which d ep resse s  both hum oral and c e ll  m ediated  

resp on ses (WHO, 1973). N ew castle d isea se  in chickens and 

R inderpest in c a t t le  a lso  markedly d ep ress CMI re sp o n ses  and this 

has been attributed  to the d irect cytotoxic effects of v iru s on lymphoid 

c e lls  (WHO, 1973). Lym phocytes from  patients with Rubella show  

depressed  PHA r e sp o n se s  and if norm al lym phocytes are infected  

in vitro inhibition of PHA resp o n siv en ess  occurs (B ellanti et a l .,  1965; 

Montgomery et a i . ,  1967; Olson ^t a l . , 1967). D irect inoculation of 

a number of other v iru ses  -  polio , mumps and influenza have

of m ea sle s . Such dep ressed  im m unological rea ctiv ity  a s  a

consequence of infection  has now been dem onstrated in a wide range

of v ira l, b a c ter ia l and protozoal infections.



esse n tia lly  s im ila r  e ffec ts  (W illem s et a l .,  1969), suggesting that 

in th ese  in fection s the v iru s d irectly or ind irectly  a ffects T ce lls .

The im m unodepressive effects of the murine leukaem ia  

v ir u se s  (F riend -R auscher and G ross-M oloney groups) have a lso  

been ex ten siv e ly  investigated  because of th eir  sim ilarity  to the 

human d is e a s e , and suppression  of hum oral resp o n ses to a wide 

range of antigens -  SRBC, T2 phage, bovine serum  albumin (BSA) - 

has been reported  (S iegel and Morton, 1966; Salaman and Wedderburn, 

1966; C eglow ski and Friedm ann, 1968; P eterson  et a l., 1963).

The R auscher leukaem ia v iru ses  (RLV) have a lso  been shown to 

retard  the developm ent of autoimmune haem olytic anaem ia and delay 

the appearance of antinuclear antibodies in NZB m ice (S iegel and 

M orton, 1970; S iege l e t a l . ,  1972). Lymphoid c e lls  from  m ice 

infected  with RLV have a lso  been found to g ive reduced respon ses  

to PHA (Hayry et a l . ,  1970).

Leprom atous lep rosy  is probably the best studied example 

of a b a cter ia l infection which causes d ep ressed  im m unological 

activ ity . P atien ts with leprom atous lep ro sy , the sev ere  form  of 

th is sp ec tra l d ise a se , show an anergy to antigens of M ycobacterium  

lep rae in the leprom in skin test, while delayed  hypersensitivity to 

th is antigen is  pronounced amongst patients with the m ilder 

tuberculoid  form  and in norm al controls. A lso  patients with leprosy  

produce high le v e ls  of circulating antibody to leprosy bacilli 

(e .g . Jha et a l .,  1971) suggesting a d isturbance of sp ecific  ce ll  

m ediated immunity to antigens of the cau sative organism . However, 

there is  considerab le evidence favouring a generalised  rather than a
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sp ecific  suppression of CMI in leprom atous lep rosy . For instance, 

m ost patients fa il to b ecom e sen sitised  to 2 -4  dinitrochlorobenzene  

(Waldorf et a l .,  1966), T dependent areas of peripheral lymphoid  

t issu es  are depleted of lym phocytes and packed with M ycobacterium  

leprae (Turk and W aters, 1968), there is  a d ecrea se  in the number of 

T c e lls  in the peripheral b lood  (Dwyer et a l . , 1973; G ajl-P aczalka  

et a l .,  1973; Wong et a l .,  1971), and in crea sed  survival of skin  

allografts (Han et a l., 1971).

T here is  however no evidence of an in creased  incidence of 

other infections or tum ours in patients with leprosy  and resp o n ses  to 

certain antigens such as KL.H (keyhole lim pet haemocyanin) are  

normal. It has therefore been argued that the depression  of cellu lar  

immunity is  partial rather than absolute, and that the deficiency  

which ex is ts  is  probably secondary to a prim ary defect in the ability  

to elim inate M. leprae (T urk and B elehu, 1974). Non sp ecific  

depression  of cellu lar im m unity has a lso  been detected in individuals 

infected with Treponema pallidum . During prim ary and secondary  

syphilis depressed  PHA re sp o n se s  have been observed and factors  

present in the serum  during secondary syp h ilis  d ep ress the resp on se  

of norm al lym phocytes (L evene et a l . ,  1969).

M ost of the m ajor protozoan in fections - m alaria , 

trypanosom iasis, le ish m a n ia sis  and toxop lasm osis -  exert marked  

d ep ressive effects on the immune sy stem . Trypanosom a b rucei 

infections reduce the antibody resp on se to SRBC (Goodwin et a l .,

1972) and "protect" ag a in st a llerg ic n eu ritis (an autoimmune d isea se



in which CMI is  important) in rabbits (Allt et a l .,  1971). 

T oxoplasm a gondii in fections in m ice dep ress the plaque form ing  

c e ll re sp o n se  to SRBC, and cause marked depletion of the thymic 

cortex  (Huldt et a l . ,  1973), while infection of h am sters with  

L eishm ania donovani im p airs the hum oral antibody resp o n se  to 

ovalbumin (Clinton et a l . , 1969).

SECTION III. THE IMMUNE RESPONSE IN MALARIA

1. GENERAL COMMENTS

Of a ll in fectiou s agen ts, m alaria p arasites probably 

constitute one of the m ost com plex; a com plexity which is  largely  

a consequence of the life  cy c le  of the organism . An infection  

induced in a m am m alian host by the sporozoite (the in fective  form  

which develops in the mosquito) includes a phase of developm ent 

in the parenchym al c e lls  of the liv e r , followed by a sexu a l and 

sexu al c y c le s  of developm ent in the blood. The in trace llu lar blood 

sta g es include a s e r ie s  of d istinct developm ental form s and an 

ex trace llu lar  sta g e  of developm ent, the m erozoite . T h ese  phases  

of m aturation m ay be antigen ically  d istin ct, and may be p resent 

sim ultaneously  or sequentially . Further, it is  now estab lished  

that som e sp e c ie s  of the p arasite can modulate their antigens and 

so avoid destruction  in a h o stile  environm ent.

N ot su rp ris in g ly , unravelling the immune re sp o n se  to 

m alaria l p a ra site s  has proved d ifficult. The developm ent of 

protective immunity has been shown to be thymus dependent in
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rodents (e .g . Brown e t a l . ,  1969) and chickens (Jayawardena - 

unpublished r e su lts ) . Both hum oral and cellu lar m echanism s 

have been im plicated  in the host re sp o n se , but no clear under­

standing of how such m echanism s operate or the p rec ise  manner 

in which T c e l l s  influence these com ponents of the immune 

resp on se has em erged. The nature of the interaction betw een  

host and p a ra site  is  com plicated by the ability of m alaria  to 

d ep ress  the im mune response to certa in  other antigens, for th is  

r a is e s  the p o ssib ility  that the infection  might damp down the 

resp on se to the parasite itse lf. E vidence relating  to the 

sign ificance of these various com ponents of the immune resp on se  

and their re la tionsh ip  to the developm ent of protective im m unity, 

w ill be d iscu ssed .

2. MALARIAL ANTIGENS AND ANTIGENIC VARIATION

The nature and functional ch a ra c ter is t ic s  of m alaria l 

antigens are  poorly defined. T hese antigens a re  not confined to 

the p arasite  but are detectable on th e  surface of p a ra sitised  c e lls ,  

circulating in the plasm a of infected individuals and in associa tion  

with variou s t is su e s . Numerous attem pts to study th ese  antigens 

have m et with only lim ited  su ccess  (review ed by Brown, 1969). 

P ossib ly  the m ost significant contribution has been the recen t work 

of W ilson e t a l. (1969, 1973) on the antigens of P . falciparum  

(review ed by W ilson, 1974).

W ilson characterised  th ese  antigens on the b a s is  of h e a t .



rodents (e .g . Brown et a l . ,  1969) and chickens (Jayawardena - 

unpublished re su lts ) . Both hum oral and ce llu la r  m echanism s  

have been im plicated  in the host re sp o n se , but no clear under­

standing of how such m echanism s operate or the p rec ise  manner 

in which T c e l l s  influence these com ponents of the immune 

resp o n se  h as em erged. The nature of the interaction  between  

h ost and p a ra site  is  com plicated by the ability  of m alaria  to 

d ep ress  the immune resp o n se  to certain  other antigens, for this 

r a is e s  the p o ssib ility  that the infection might damp down the 

resp o n se  to the p arasite  itse lf . Evidence re la tin g  to the 

s ig n ifica n ce  of these various com ponents of the immune resp on se  

and their re la tion sh ip  to the developm ent of p rotective im m unity, 

w ill be d isc u sse d .

2. MALARIAL ANTIGENS AND ANTIGENIC VARIATION

T he nature and functional ch a ra c ter is tic s  of m alarial 

antigens a re  poorly defined. T hese antigens a re  not confined to 

the p a ra site  but are detectable on the su rface of p arasitised  c e lls ,  

c ircu la tin g  in the p lasm a of infected individuals and in a jsoc ia tion  

with v ariou s t is su e s . Numerous attem pts to study th ese antigens 

have m et with only lim ited  su cce ss  (review ed  by Brown, 1969). 

P o ssib ly  the m ost significant contribution has been the recen t work 

of W ilson e t a l. (1969, 1973) on the antigens of P . falciparum  

(rev iew ed  by W ilson, 1974).

W ilson ch aracter ised  these antigens on the b a s is  of heat



su scep tib ility  and differentiated between stable (S) antigens,

lab ile (L) antigens and a group of interm ediate su scep tib ility

re s is ta n t (R) antigens. By growing P-falciparum  in v itro , in the

p resen ce of ra d io -la b elled  amino acid s, he dem onstrated that while 
1 2the heat lab ile (La La Lb) and the heat re s is ta n t (R) antigens 

are of p arasite origin  (they incorporate the label) the S antigens 

rem ain  unlabelled and m ight therefore represent a ltered  host 

erythrocyte com ponents. These S antigens are found regularly  

in m alarious (P . falciparum ) p lasm a, are re le a sed  in vitro only 

after red c e ll  ly s is  and reinvasion  have com m enced, and are known 

to p e r s is t  in the c ircu lation , but provoke only a lim ited  antibody 

resp o n se . They are a lso  heterogenous in p h ysica l and sero log ica l 

p rop erties.

The p rotective antigens of m alaria p a ra site s  have not been 

identified , and the functional significance of the antigens characterised  

by W ilson is  uncertain . The S antigens which a r e  thought to be true 

soluble antigens might be important in the non sp ec ific  im m uno- 

d ep ression  observed . However, not a ll m alaria p arasites shed  

such antigens. W hile they appear to be a regular feature of 

P. fa lciparum , they have not been detected in P . m alariae (Houba, 

1974).

Superim posed on this inherent com plexity of m alarial 

antigens, is  the p a ra sites  ability to change them continuously.

Evidence for the occurren ce of antigenically d istin ct populations in 

the asexual eryth rocytic  cycle has been found in P . knowlesi (Brown
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and Brown, 1965), P . cynom olgi b astian e lli (V oller and R ossan ,

1969), and P . berghei (C ox, 1959; W ellde and Sadun, 1967). A s  

ea r ly  a s 1938 Eaton, u sin g  the sch izont agglutination te s t  (the te s t  

in v o lv es  interaction  betw een antibodies and antigens on the su rface  

of c e l l s  containing m ature p a ra site s) , dem onstrated a spectrum  of 

va ria n ts  in P . know lesi infection . Brown and Brown (1965) showed  

that in chronic P . know lesi infection each re lap se w as asso c ia ted  

w ith a sero lo g ica lly  d istin ct variant.

An im portant feature of som e m alarial in fections is  their  

chron icity  which ap pears to be the resu lt of the p a ra site 's  ability  

to su rvive and m ultiply in an im m unised host. Antigenic modulation  

i s  thought to constitu te the fundamental m echanism  by which the 

p a ra site  su rv iv es  in such a h o stile  environm ent (Brown, 1971).

3 . THE EFFECTS OF T CELL DEPLETION

The im mune re sp o n se  to lffa la r ia  was f ir s t  shown to be 

thym us dependent by Brown et a l. (1968). They studied P . berghei 

in fection s in norm al and neonatally thym ectom ized ra ts  and observed  

h igh er p arasitem ias and in creased  m ortality in the thym ectom ized  

group. T hese r e s u lts  w ere confirm ed by Stechschulte (1969a) who 

a ls o  com pared antibody le v e ls  by the ind irect haem agglutination and 

flu o rescen t antibody t e s t s ,  and reported  that there w as no significant 

d ilferen ce  in antibody t itr e s  between norm al and thym ectom ized  

groups.

Spira et a l. (1970) studied the effec ts  of rabbit anti thym ocyte



serum  (ATS) on the sam e host p arasite  combination and found that 

ATS virtually abolished the resista n ce  of rats of different a g e s  to 

a prim ary infection  with P . berghei. ATS appeared to have a  

substantially greater suppressive effect than neonatal thym ectom y  

on the host re sp o n se . T hese w orkers a lso  reported that hum oral 

antibody production as judged by precipitin te sts  was unim paired  

in the ATS treated  group. On the b a s is  of these resu lts  both  

Stechschulte (1969a) and Spira et al. (1970) claim ed that c e ll  mediated  

m echanism s w ere involved in the host response to P. b erg h e i.

In a subsequent study Brown (1971) found that ATS treatm ent 

of rats chronically  infected with P. berghei resulted  in recru d escen ce  

of infection, and reduced the ability of c e lls  from these r a ts  to 

transfer immunity to norm al syngeneic recip ients.

W right (W right, 1968; W right et a l .,  1971) exam ined  the 

effects of neonatal thymectomy and ATS treatm ent on P. b ergh ei 

infections in a different host - the golden ham ster. His r e s u lts  

w ere su rp risin g  a s T c e ll  depletion seem ed to exert a p ro tective  

effect. He found that w hile control ham sters survived 6 to 12 days, 

neonatally thym ectom ized  ham sters lived for 19 to 25 days. Wright 

claim ed that these h am sters died due to petechial haem orrhages in 

the brain caused by the production of an agglutinin. He su ggested  

that T c e ll depletion im paired the production of this agglutin in , and 

thus extended the lifespan  of these h am sters. Subsequently, 

Chapman and Hanson (1971) using what appeared to be the sa m e  

system  reported  com pletely contradictory re su lts . Com paring



Sheagren  and Monaco (1969) exam ined the e ffe c ts  of rabbit 

anti-lym phocyte seru m  (ALS) on s t i l l  another h ost p arasite  

com bination -  a  fu lm inant P . b ergh ei infection in the m ouse. They 

found that e ith er  ALS treatm ent by it s e lf ,  or ALS treatm ent coupled  

with adult thym ectom y caused a sign ificant delay in the m ortality  of 

P. berghei in fec ted  m ice. T hese treated  m ice  co n sisten tly  showed  

lower p a ra s ita em ia s  than the control groups. They reasoned  that 

the immune r e s p o n s e  itse lf  contributed in som e way to the death of 

these an im als; h en ce  im pairm ent of the re sp o n se  extended their 

survival tim e.

W hile m uch attention w as fo cu ssed  on the u se  of rodent 

m odels for stu d y in g  immune m ech an ism s, the avian m alarias w ere  

largely  ignored d esp ite  obvious advantages inherent in the avian  

system . L ongnecker e t a l. (1966) exam ined the e ffe c ts  of neonatal 

bursectom y and thym ectom y on P . lophurae in fection s in ch ickens. 

While b u rsecto m y  im paired the h ost resp on se thym ectom y was 

reported to h ave had no effect.

A m o re  ex ten sive  exploration of the sy stem  (Jayaw ardena, 

unpublished r e s u lts )  has shown that the developm ent of im m unity to 

P. gallinaceum  in  chickens is  both bursa and thym us dependent. In 

these ex p er im en ts  chickens w ere b u rsectom ized  or thym ectom ized  

within 24 hours o f hatch, and subjected  to sublethal X -irrad ia tion

the resp o n ses  o f norm al and neonatally thym ectom ized  h a m sters ,

they observed  fa s te r  developm ent of the infection  and ea r lie r  and

higher m ortality  in  the thym ectom ized  an im als.



(700rads) the follow ing day. They w ere infected  with 1 x 1 0  

P. gallinaceum  p arasitised  RBC ten w eeks la ter . Infection followed  

a fulminant cou rse and proved fatal in bursectom ized  and 

thym ectom ized  ch ickens, while in sham operated b irds the infection  

was e ffec tiv e ly  controlled and elim inated . The effec ts  of B ce ll  

depletion w ere a lso  investigated  in chickens chem ically  bursectom ized  

with cyclophospham ide and s im ila r  re su lts  w ere obtained.

The effec ts  of bursectom y on P . gallinaceum  infections are 

a clear dem onstration of the im portance of hum oral antibody in the 

developm ent of a protective resp o n se . The s im ila r  e ffec ts  of 

thym ectom y on the h ost resp on se may be su g g estiv e  of a thymus 

dependent hum oral resp on se  being involved. Thym ectom y in the 

chicken is  known to im pair the antibody resp o n se  to certain  antigens, 

and its  d ifferen tia l e ffec ts  on d ifferent immunoglobulin c la s s e s  

(D roege, p erson al com munication) are sim ila r  to those reported in 

rodents. The p ossib ility  that a c e ll  m ediated component was also  

im paired in the thym ectom ized ch ickens cannot be ruled out.

T h is group of experim ents in which m ethods of in vivo  

lym phocyte depletion w ere used  to exam ine the r o le  of T c e lls ,  

produced so m e apparently conflicting ob servation s and although a 

central ro le  for T c e lls  in the h o st resp on se w as im plied , these  

experim ents did not c larify  with any certainty the p rec ise  manner 

in which th ese  c e lls  might m ediate their e ffec ts . Selective  

restoration  of the immune resp on se in thym ectom ized anim als might 

have c la r ified  the re la tiv e  im portance of hum oral v ersu s ce ll

4
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m ediated com ponents of r e s is ta n c e  with greater p rec isio n .

4 . CELL MEDIATED RESPONSES

The evidence for c e l l  m ediated m ech an ism s being involved  

in the p rotective resp o n se  to  m a la r ia l p ara sites  is  lim ited . M alarial 

antigen (P. knowlesi) in F reu n d 's com plete adjuvant (FCA) con fers  

m ore com plete protection  than does the antigen in incom plete  

adjuvant (P h illip s et a l . ,  1970). The form er procedure is  thought 

to prom ote the developm ent o f  sp ec ific  c e ll  m ediated  immunity and 

m acrophage activation . F C A  im m unized m onkeys show evidence  

of delayed type re sp o n ses  and lym phoid c e lls  from  th ese  sen sitized  

an im als are resp o n siv e  in term s of in crea sed  DNA sy n th esis  in v itr o , 

to the sen sitiz in g  antigens. H ow ever, sp leen  c e l l s  from  th ese  

m onkeys have no d irect cy to tox ic  e ffec t on P. know lesi infected  

eryth rocytes (P h illip s et a l . ,  1970). A s the authors have pointed  

out, the developm ent of d e layed  h y p ersen sitiv ity  or in crea sed  DNA 

syn th esis  of sp leen  c e lls  n eed  not n e c e s sa r ily  m ean that these  

resp o n ses  are involved in th e m echanism  of protection .

-  It has a lso  been d em on strated  that in the p resen ce  of

sp ec ific  antibody, m acrop hages from  BCG infected  m ice take up 

the monkey m alaria  p arasite  P . know lesi m ore effec tiv e ly  than norm al 

m acrophages (Brown, 1971), and th is  has been cited  a s  evidence that 

macrophage activation may b e  im portant. H ow ever, there is  no 

evidence that m alaria  p a r a s ite s  ca u se  m acrophage activation  on a 

sca le  sim ilar  to that induced by in fectiou s agents such a s  L ister ia
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(se e  section  n  of rev iew ).

It would be u sefu l to determ ine whether B C G -activated  

m ouse m acrophages show  s im ila r ly  enhanced m icrobicidal 

cap acities to rodent m alaria  p ara sites  such as P . berghei in view  

of M auel’s  observation  (Mauel and Behin, 1974) th c although 

m acrophage activation  is  operative in the host resp o n se  to 

L eishm ania sp ec ie s  to which the host is  not su scep tib le , the 

m echanism  is  not involved in the respon se against p arasites to which 

the host i s  su scep tib le .

5. HUMORAL RESPONSES

A substantial amount of experim ental evidence suggesting  

a cru c ia l ro le  for hum oral fa c to rs  in the defence m echanism  

against m alaria  has accum ulated.

Chronic m alaria l in fections have been known to be a potent 

stim ulus of im m unoglobulin sy n th esis  (Cohen, M cGregor and 

C arrington, 1961). In creased  le v e ls  of IgG, IgM, IgA and IgD have 

been detected  in human m alaria  (M cGregor et a l . ,  1970) but the 

sign ificance of the in crea se  in IgA and IgD lev e ls  i s  uncertain since  

they show no correla tion  with the level of infection. Although much 

of the in crea se  in im m unoglobulins appears to be non sp e c if ic , the 

ex isten ce of p rotective antibodies was dem onstrated by Cohen et al. 

(1961). They found that protective antibodies to P . falciparum  

existed  in the IgG fraction  of immune human seru m , an observation  

confirm ed by Edozien e t al. (1962) and Sadun jet a l. (1966). The

i{



resu lts  o f Cohen e t a l. (1961) a lso  su ggested  that im m une serum  

from  which IgG had been extracted , but in which IgM rem ain ed , 

had little  p ro tectiv e  effect.

The p ro tectiv e  effec t of a n ti-m a la r ia l antibodies has been  

confirm ed in s tu d ie s  on rodent sy stem s. R esis ta n ce  to P. berghei 

in ra ts  can be tra n sferred  with serum ; the protective activ ity  of 

such seru m  w as o f short duration and was thought to b e associa ted  

with 19S and 7S im m unoglobulins (Diggs and O sier , 1969;

S techschulte et a l . ,  1969). Lymphoid c e l l s  from  P. b ergh ei immune 

ra ts have a lso  b een  shown to be capable of tra n sferr in g  immunity 

to norm al syn gen eic  rec ip ien ts  (P h illip s , 1970; S techschu lte, 1969b) 

and although th is  has been interpreted by so m e  w orkers (Stechschulte, 

1969) a s  being  ind icative of a c e ll  m ediated resp o n se , such c e lls  

might equally w e ll have been concerned w ith antibody production. 

E vidence for the la tter p o ssib ility  is  found in  the work o f P h illip s  

and Jon es (1972) who observed  that re c ip ie n ts  of lym phoid c e lls  

produced high le v e ls  of protective antibody and that m axim um  lev e ls  

of such an tib od ies w ere reached  at the tim e  the infection  was 

elim in ated . F ractionation  of the p rotective  serum  showed that 

m axim um  a ctiv ity  was a ssoc ia ted  with the G j fraction .

Cohen and cow orkers (1969, 1970a, 1970b) u s in g  an in v itro  

approach have a ls o  presented  strong ev id en ce  favouring a ro le  for 

hum oral an tib od ies. T h ese w orkers stu d ied  the e ffe c ts  of serum  

from m onkeys im m une to P . know lesi, on the growth o f the p arasite

in vitro . (P a r a s ite  growth was a s se s se d  by the incorporation  of
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r e su lts  of Cohen et a l. (1961) a lso  suggested  that immune serum  

from  which IgG had been extracted , but in which IgM rem ained, 

had little  p rotective effect.

T he protective effect of anti-m alaria l antibodies has been 

confirm ed in stud ies on rodent sy stem s. R esistan ce to P . berghei 

in ra ts  can be transferred  with serum ; the protective activity of 

such seru m  was of short duration and was thought to be associa ted  

with 19S and 7S im m unoglobulins (Diggs and O sier , 1969;

Stechschulte et a l . ,  1969). Lymphoid c e lls  from  P . berghei immune 

ra ts  have a lso  been shown to be capable of transferring  immunity 

to norm al syngeneic rec ip ien ts  (P h illip s, 1970; S techschulte, 1969b) 

and although th is has been interpreted  by som e w orkers (Stechschulte, 

1969) as b eing  indicative of a c e ll  m ediated resp o n se , such c e lls  

might equally w ell have been concerned with antibody production. 

Evidence for the latter p ossib ility  is  found in the work of P hillips 

and Jones (1972) who observed  that rec ip ien ts of lymphoid c e lls  

produced high le v e ls  of p rotective antibody and that maximum lev els  

of such antibodies w ere reached  at the tim e the infection was 

elim in ated . Fractionation of the protective serum  showed that 

maximum activ ity  was a sso c ia ted  with the Gj fraction .

Cohen and cow orkers (1969, 1970a, 1970b) using an in v itro  

approach have a lso  presented  strong evidence favouring a ro le  for 

hum oral antibodies. T hese w orkers studied the effects of serum  

from  m onkeys immune to P . know lesi, on the growth of the parasite

in vitro . (P arasite  growth w as a s se s se d  by the incorporation of
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JH Leucine in to p a ra site  protein.) They found that th e  anti serum  

had no effect on the growth of the intracellu lar p a r a s ite , but 

inhibited the cy c le  of grow th which followed p arasite d iv is io n . The 

effect w as com plem ent independent and was a sso c ia te d  with IgG and 

IgM antibodies. B iva len t peptic fragm ents w ere inhibitory but 

univalent Fab fragm en ts w e r e  not effective  (Cohen et a l . ,  1969;

Cohen and B utcher, 1970a; Cohen and Butcher, 1970b). T hese  

w orkers fe lt that the inh ib itory antibodies were d irec ted  against 

m erozo ite  an tigens. M ore recently  they (Butcher et a l . ,  1973) have 

p resented  evidence su g g estin g  that the susceptib ility  o f  a m am m alian  

red  blood c e ll  to a m a la ria  parasite is  largely  dependent on the 

p resen ce of sp ec ific  red  c e l l  recep tors for the m ero zo ite . If such  

a recep tor does e x is t , then  an antibody or other m echanism  which 

blocked the binding of m ero zo ite  to red  c e ll  receptor would 

effec tive ly  prevent c e ll  re in v a sio n  and hence interrupt the life  cycle  

of the organism .

Although th ese in  v itro  stud ies indicated that anti m alaria l 

antibody could be e ffec tiv e  by itse lf , certain  other ob serv a tio n s  

have been interpreted  to m ean that the mode of action  of this antibody 

might involve sy n erg ism  with effector c e lls  such a s  m acrop hages.

The evidence for m acrophage involvem ent has r e s ted  largely  on the 

c la s s ic a l h isto lo g ica l s tu d ie s  of T aliaferro and M ulligan (1937).

They reported  a co n sid era b le  in crease of the m acrophage population 

particularly in the liv er  and spleen of infected m on k eys, and observed  

that p a ra site s  in variou s s ta g e s  of d igestion  w ere frequently  p resent
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within th e se  m acrophages.

In a m ore recen t attem pt to evaluate the ro le  of m acro­

phages c r it ic a lly , C r is sw e ll et a l. (1971) im planted m illip ore  

ch am b ers containing p a ra site s  only, or p a ra site s  and m acrophages 

in n orm al and P . b ergh ei in fected  m ice . They reported that 

d estru ction  of p a ra s ite s  occurred  when cham bers w ere p laced in 

infected  m ice, and the ra te  of destruction was significantly enhanced 

if the m illip o re  cham bers contained both p a ra sites  and norm al 

m acrophages. A ltern a tiv e ly , if the cham bers contained a combination 

of p a ra s ite s  and m acrop hages from  infected m ice , and w ere implanted 

in n o rm a l m ice , a s im ila r  increased  rate of parasite destruction  

was ob served . They su ggested  that hum oral factors w ere acting  

sy n erg istica lly  with m acrophages, and that m acrophage activation  

may a ls o  have been  involved . H owever, as the m acrophage 

populations used  w ere unfractionated p eritoneal exudate c e lls ,  

which in  addition to m acrophages would have contained other ce ll  

typ es, th ese  exp erim en ts a r e  open to cr it ic ism .

The exp er im en ts d iscu ssed  so  far estab lished  that anti 

m a la r ia l antibody w as p rotective  and su ggested  certain m echanism s  

by m ea n s of which such antibody might have exerted  its  e ffec ts . 

H ow ever, the ce llu la r  in teractions involved in the production of 

these an tibod ies w ere not c lea r ly  defined. Brown (1971) using the 

r e su lts  of his exp erim en ts on P. berghei infections in the ra t, and 

his ob servation s on antigen ic variation in P . know lesi, presented

an integrated  sch em e to explain  the cellu lar b a s is  of antibody



58

production and its  rela tionsh ip  to antigenic variation . He had 

observed  that although an infected host could  lim it the proliferation  

of a r e la p se  varian t, it w as fully virulent in  a non immune host.

He postulated that the protective antibody resp o n se  was entirely  

variant sp ec ific , but that certain  surface antigens common to aU 

variants sen sitized  thym us derived ce lls ;  th ese  acted a s helper 

c e lls  in antibody production and enabled the host to respond to new  

variants m ore rap id ly .

6. IM M UNODEPRESSION

It is  now estab lish ed  that m alaria l infections cause a s ta te  

of reduced im m unological resp o n siv en ess  to  certain antigens. T he  

f ir s t  observation  re la tin g  to this phenomenon was made by M cGregor 

and B arr (1962) who found that the im m une respon se to tetanus toxoid  

was higher in ch ildren  rece iv in g  m alaria l prophylaxis, than in 

unprotected ch ildren  liv ing  in m alarious a r e a s . It had a lso  been 

observed  that B urkitt's lymphoma (B urkitt, 1959), a non leukaem ic  

m alignant lym phom a, occurred  in defin ite geographical areas and a  

causal relationsh ip  between th is lymphom a and holoendem ic m alaria  

was su ggested  (D alldorf et a l .,  1964; B urkitt, 1969).

T hese in itia l observations which im plied  that m alaria m igh t 

exert a d ep ressiv e  e ffec t on the immune sy stem  have now been 

supported by a con siderab le amount of ep idem io log ica l and ex p er i­

m ental ob servation s. The evidence co m es  from three main so u r c e s ;  

the e ffec ts  of m alaria  on malignant d is e a s e , on autoimmune d is e a s e ,
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and on the im mune r e sp o n se  to a wide range of te s t  antigens.

6.1 M alaria and m alignant d isea se

The p rec ise  re la tion sh ip  between m alaria  and B urkitt's 

lymphoma has not y et been  reso lv ed . It is  p o ss ib le  that the 

increased  incidence o f th is lymphoma which is  a sso c ia ted  with the 

H erpes like E pstein  B a r r  viru s (rev iew ed  by K lein , 1971), might 

be due to m alaria  ex ertin g  a su p p ressive  effect on one or m ore  

components of the im m une sy stem , thus perm itting the full 

potential of th is v iru s to  be ex p ressed . A ltern atively , m alaria  

might a ffect the lym phoid  tissu e  in som e way rendering it m ore 

susceptib le to n eo p la stic  transform ation  by the v iru s .

W edderburn (1970) exam ined the p o ssib le  relationsh ip  

between m alaria  and m alignant d ise a se  in an experim ental system . 

She observed  a much h igher incidence of Moloney Lymphomagenic 

virus (MLV) induced lym phom as in m ice infected with P. b, y o e li i , 

than in those infected  with the v iru s a lone. She a lso  reported  that 

total v iru s n eu tra liz in g  antibody and IgG antibody w ere absent in 

the doubly infected  a n im a ls  (Bomford and W edderburn, 1973).

More recen tly , she exam ined  the e ffec ts  of a chronic m alarial 

infection (induced by in fectin g  P. b. y o e lii reco v ered  m ice with 

P. b. berghei) on MLV induced lym phom as, and reported  a sim ilar  

enhancement of lym phom agenesis in the m alaria  infected m ice  

(Wedderburn, 1974). E a r lier , J eru sa lem  (1968) found that m ice  

repeatedly infected w ith  P. berghei showed an increased  incidence  

of m alignant lym phom as or h isto log ica l evidence of lym phom as.

£ k
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6.2 M alaria and autoimmune d isea se

E pidem iologica l studies have indicated that autoim m une 

d isea se  i s  re la tiv e ly  uncommon in hum ans continuously exposed  to 

m alaria and other p arasitic  infections. For instance, Greenwood 

(Greenwood, 1968; Greenwood et a l . ,  1971) observed  that rheum atoid  

arthritis and p o lyarth ritis were rare or ran a benign co u rse  in 

A frican s, although th ese  d ise a se s  w ere com m on among A m erican  

N egroes of A frican orig in  (Engel et a l . ,  1966), and in C aucasians  

living in tem perate c lim a tes . Greenwood su ggested  that m alaria  

might be an im portant factor in the protection  observed .

He tested  out h is  hypothesis by infecting NZB m ice  with 

the m alaria  p arasite  P. b. y o e lii , and observed  that ea r ly  infection  

of th ese m ice w as a sso c ia ted  with a delay in the onset of Coomb's 

positiv ity  and spontaneous haem olytic d ise a se . A lso ,in fection  

of (NZB x  NZW )Fj m ice with the sam e p arasite  m arkedly suppressed  

the spontaneous developm ent of autoimmune renal d ise a se  (Greenwood 

and V o ller , 1970).

He a lso  exam ined the effec ts  of P , b. y o e lii and P . b. berghei 

infections on experim ental adjuvant a r th r itis  in r a ts , and found that 

while infection of ra ts  with P. b. y o e lii one week before or at the 

sam e tim e as the injection  of adjuvant resu lted  in the developm ent of 

a m ilder form  of a r th r itis  than in co n tro ls , infection with the virulent 

P. b. berghei did not prevent the developm ent of sev e re  a r th r itis  

(Greenwood et a l . ,  1970). The recen t observations of Lennon and 

Byrd (1973) are perhaps relevant to th ese  r e su lts . They found that



although c e ll  m ediated m echanism s w e r e  involved in th is  d ise a se , 

neonatal thym ectom y induced an undue proneness to it. They 

su ggested  that a d ecreased  capacity to  produce antibodies to thymus 

dependent a n tig en s, m ight lead to the form ation o f com plexes with 

antigen in e x c e s s ,  and that such co m p lex es w ere resp on sib le  for 

m ediating im m une damage to t is s u e s .

Although the ability of m a la r ia l infections to m odify the 

cou rse of autoim m une d isea se  might b e  due to d irect or ind irect 

e ffec ts  on im m unocom petent c e l ls ,  th er e  is  as y e t  no convincing  

evidence to support such a h yp oth esis . Greenwood and V oller  

(1970) in in terp reting  the re su lts  of th e ir  exp erim en ts, r e fer red  to 

the su g g ested  v ira l aetiology of autoim m une d ise a se , and indicated  

that their findings may be due to v ir u s  r e p r e ss iv e  rather than the 

im m u n osup p ressive e ffec ts  of these in fection s.

6.3 M alaria and a ltered  r e sp o n s iv en ess  to te st antigens

Subsequent to McGregor and B a rr's  (1962) dem onstrations  

of a ltered  r e sp o n s iv en ess  to tetanus toxoid in children exposed  to 

m alaria , the re sp o n ses  of humans and  experim ental an im als infected  

with m alaria  to a wide range of an tigen s have been  studied.

G reenwood (1974) assayed  th e  immune com petence of 

N igerian ch ildren  with acute P . fa lciparum  m alaria , and reported  a 

dim inished antibody respon se to Salm onella  typhi O antigen and to 

tetanus toxoid. The respon se to the H antigen (which i s  essen tia lly  

flagellin  and is  thought to be thymus independent) was norm al. C e ll  

m ediated r e sp o n se s , as judged by sk in  testing with PPD  (P urified
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P rotein  D eriva tive), Candida and Streptococcal antigens w ere  

unim paired. A lso , there w as no sign ificant difference betw een  

patients and con trols in the PHA resp o n siv en ess  of their lym phocytes.

The phenomenon of im m unodépression has a lso  been  

investigated  in som e deta il in the m ouse host. P . b. y o e li i , a non 

fatal in fection , has been shown to d ep ress the antibody and sp len ic  

plaque form ing re sp o n se  to SRBC in B alb/C  m ice (Salaman et a l ., 

1969; Greenwood et a l . ,  1971a). The antibody resp o n ses to HGG 

(Heat aggregated  Human Gamma Globulin) and tetanus toxoid are  

also  greatly  d im inished , but the antibody resp on se to certa in  

other antigens such a s  KLH (Keyhole lim pet haemocyanin) and 

bacteriophage are  not sign ificantly  im paired (Greenwood et a l . ,

1971; V oiler é t a l . ,  1972; B arker, 1971).

Steward and V o iler  (1973) observed  that although Sim pson  

m ice infected  with P . b. y o e li i  developed norm al lev e ls  of antibody 

to HSF (Human seru m  tran sferr in ), the affinity of th is antibody was 

lower than in norm al m ice .

C e ll m ediated re sp o n ses  such as contact sen sitiv ity  to 

p icryl ch loride or O xazolone are not d ep ressed  and skin graft 

rejection  tim es  a re  not affected  by P. b. y o e lii  infections (Greenwood  

e t a l . ,  1971).

W hitm ore (1973) exam ining the e ffec ts  of acute, fa ta l 

P. b. berghei in fection s on Sw iss m ice , observed  d ep ression  of the 

plaque form ing c e ll  (PFC) resp on se to SRBC and of delayed hyper­

sen sitiv ity  re sp o n ses  to m ethylated human serum  albumin (MHSA).



Sengers et a l. (1971) rep orted  a significant delay in  skin graft 

rejection  in the sa m e  h o st parasite sy stem , but th e  infection had 

been prolonged by p lac in g  the an im als on a p ara-am in o benzoic  

acid  free  d iet. It would seem  that in acute in fection s (P . b. berghei 

in outbred S w iss  m ice) th ere is  dep ression  of both c e ll m ediated and 

hum oral r e s p o n s e s , w h ile  in the m ilder P , b. y o e l i i  infections only 

hum oral r e sp o n se s  to certa in  antigens are d ep ressed .

Although the occu rren ce  of im m unodépression  is  now 

estab lished  beyond any doubt, the manner in w hich m alarial 

infections induce th is  im m unological lesion  r e m a in s  unexplained. 

Greenwood et a l. (1971a) su ggested  that m alaria m igh t ex ert its  

su p p ressive  e f fe c ts  by acting  on B c e lls ,  m acrophages or c e ll  

co-operation  but produced no unequivocal ev id en ce in favour of any 

of th ese  p o s s ib il it ie s .  Macrophage activity d oes not appear to be 

d ep ressed  a s  judged by carbon clearance ra tes  in  infected  m ice. 

Increased  c lea r a n c e  r a te s  for carbon have been rep o rted  (Greenwood 

et a l . ,  1971b). H ence it  appears unlikely that re ticu lo -en d o th e lia l 

blockade con trib u tes to  the su pp ressive effects o f  these infections. 

L oose et a l. (1971) have reported  that m acrophages from  m alaria  

infected  m ice a r e  in e ffec tiv e  in detoxifying Endotoxin, hence it  is 

p o ssib le  that so m e  a sp e c ts  of macrophage function may be affected . 

A bnorm alities in sp len ic  function have a lso  been ob served .

Greenwood et a l. (1971b) found that HGG lo ca lised  in the germ inal 

cen tres of n orm al m ic e , but m alaria infected m ic e  fa iled  to lo c a lise  

HGG in the g erm in a l c e n tres  during the period in  which im m uno-
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suppression  w as record ed .

Both the m echanism  of re s is ta n c e  to infection, and the 

non sp ec ific  im m unodépression  observed  during infection, are  

probably dependent on com plex effector and suppressor m echanism s. 

In studying the nature of th ese  m ech an ism s, i t  seem s im portant to 

bear in  mind the com plexity  of the antigenic stim u lus, which  

probably r e su lts  in the generation of an equally com plex array of 

r e sp o n ses  in the host. Many of th ese r e sp o n se s  may have no 

d ir ec t sign ificance to the sp ec ific  effector and suppressor  

m ech an ism s involved, but n ev er th e less  m ake identification of the 

re lev a n t re sp o n ses  a m uch m ore d ifficu lt ta sk .



CHAPTER 2

THE MORPHOLOGY OF THE IMMUNE RESPONSE
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INTRODUCTION

The exp er im en ts reported  in th is  chapter w ere concerned  

prim arily with estab lish in g  whether the im m une resp o n se  to 

m alaria in the m ouse w as thymus dependent, and in ch a ra cter is in g  

further the nature of such dependency if it  ex isted .

The m ain approach adopted w as to study P . b. y o e li i  

infections in norm al CBA m ice and in m ice  depleted of th eir  thymus 

dependent lym phocyte population (T c e ll  deprived), and to seek  

various d escr ip tion s of the immune r e sp o n se  to the p a ra site  in 

such norm al and deprived  m ice. P articu lar em phasis w as placed  

on studying the m orphology of the im m une reaction s in the lymphoid 

system  and in re la tin g  them to current concepts of thym us dependent 

and independent c e ll  populations.

The im m unological resp o n se  of the CBA m ouse to  

P. b. y o e lii w as then com pared with its  re sp o n se  to the c lo se ly  

related  p arasite  P . b. b erg h ei, in fection s of which alw ays prove 

fatal in the norm al CBA m ouse, unlike P . b. y o e lii in fection s which 

are re la tiv e ly  m ild  and non fatal in the sa m e host. The h ost  

response to P. b. b ergh ei appeared d efectiv e  in som e w ay, and an 

attempt w as made to an alyse the fa c to rs  underlying the apparent 

fa ilure of the im m une sy stem  in th ese  in fection s.

F in a lly , the effec t of varying the host factor w as  

investigated . P re lim in a ry  experim ents had shown that the outbred  

T.O. m ouse d iffered  from  the CBA m ouse in its  ability to respond
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to a m alaria l infection . The im m unological resp o n ses of th is  

strain of m ouse (to P . b. y o e lii and P. b. berghei) w ere com pared  

with the re sp o n se s  of the CBA m ouse to obtain a better under­

standing of the p ossib le  im portance of the h o st elem ent in r e s is ta n c e  

m echanism s in m alaria.

MATERIALS AND METHODS 

1. THE PARASITES USED

1.1 O rigin

The p a ra s ite s  used  in th is study w ere:

Plasm odium  b ergh ei y o e lii (Landau and K illick-K endrick , 1966).

This p arasite  w as f ir s t  iso lated  from  Tham nom ys rutilans in the 

Central A frican  Republic (Landau and Chaubaud, 1965). The 17X 

strain of th is p arasite  which was stabilated (Lumsden and Hardy,

1965) a s  LUMP 605 was used.

Plasm odium  b ergh ei berghei (Vincke and L ip s , 1948). T his 

parasite was f ir s t  described  in Thamnomys su rd a ster  by Vincke 

and L ips (1948). The Anka strain  of this p a ra site , LUMP 58, 

which was u sed  in the p resent investigation is  derived from  an 

isolation  m ade in Zaire in 1965.

1.2 C ryopreservation

CBA m ice which had been infected with a stabilate (LUMP 

605) of the 17 X strain  of P . b. yoelii 5 days previously , w ere bled  

by cardiac puncture into heparinised phosphate buffered sa lin e  (PBS), 

to which g ly cero l was added to give a final concentration of 7%.



The blood w as d istribu ted  with a P asteur pipette into s te r i le  

capillary tubes, both ends of which w ere flam e se a le d , p laced in 

a Methanol f ille d  scr ew  cap tube, and slow ly frozen  in a dry ice  

cabinet (Cunningham et a l . ,  1963). This was d esignated  LUMP 766 

and w as used  to in fect a ll  m ice which served  a s  donors for the 

preparation of p a ra site  inocula. A ll donors u sed  for the preparation  

of P . b. berghei inocula  w ere infected  with sta b ila tes  from  LUMP 58.

1.3 P reparation  of in fective  inocula

A ll in fectiv e  inocula of P . b . y o e lii and P . b. b ergh ei w ere 

prepared from  donor m ice which had been infected  with the 

appropriate s ta b ila te  m ateria l 5 to 6 days p rev iou sly . The 

p arasitaem ias of the donors w ere estim ated  from  G iem sa  stained  

thin blood f i lm s , and a total RBC cound w as ca rr ied  out using a 

Neubauer h aem ocytom eter . The number of p a ra s itised  R B C /m l

of blood was ca lcu la ted . The donor m ouse w as then b led  from  the 

retro -orb ita l s in u s  into heparinized  phosphate buffered  sa lin e (PBS), 

and the h ep arin ised  blood w as diluted in ch illed  PBS to obtain the 

required inoculum . T hese procedu res w ere ca rr ied  out in an ice  

bath. A ll exp erim en ta l an im als w ere inoculated with the p arasite  

inoculum intrap eriton eally  using a 1 ml syringe fitted  with a 25G 

needle.

2. ESTIMATION OF PARASITAEMIAS

2.1 Thin blood f ilm s

S m ears of ta il blood w ere made on acetone c lean ed  g la ss
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s lid e s . The f ilm s  w ere air d ried , fixed in Methanol for 1 to 2 min 

and stained in a 17% solution of Giem sa (Revector brand, Hopkin 

and W illiam s) in buffered d istilled  water (pH 7.2) for 30 min. The 

s lid e s  w ere then washed m om entarily in a gentle flo w  of tap water 

and stood upright to dry.

2.2 Counting of p a ra sites

The stained blood f ilm s  w ere examined on a  Wild M20 

m icroscop e usin g  an xlOO (o il im m ersion) objective. The number 

of p a ra sitised  red  blood c e lls  (RBC) was counted in a  minimum of 

20 m icro sco p e fie ld s  and w as exp ressed  as a percentage of the 

total number of RBC scanned. Each field  contained approxim ately  

450 RBC.

3. MICE

3.1 Strains

C B A /L a c, C B A /H .T 6T 6, T.O. and P arkes m ice  w ere used.

3.2 Sources

C B A /L ac m ice w ere obtained from  the C h ester  Beatty 

R esearch  Institu te, London, and the Laboratory A nim al Centre 

(C arshalton). A ll C BA /H .T 6T 6 m ice were obtained from the Chester 

Beatty R esea rch  Institute. T.O. and Parkes m ice w ere  obtained  

from  com m ercia l b reed ers.

A ll m ice w ere housed in m ouse boxes in groups of 5 or 6,

and w ere fed  on standard m ouse diet.



4. HAEMATOLOGICAL TECHNIQUES

4.1 Packed c e ll  volum e

T a il  blood w as allow ed to run into h eparin ised  m icro -  

haem atocrit ca p illa r ie s  (Hawksley) leaving at le a s t  15mms unfilled . 

The tube w a s  then sea led  with C r ista sea l and spun on a m icro -  

haem atocrit centrifuge (Hawksley) for 5 m in. The packed c e ll  

volume w a s  ex p ressed  a s  a percentage of the total volum e occupied  

by the c e l l s  before centrifugation.

4.2 R eticu locy te  counts

B lood  f ilm s  w ere made on s lid e s  p reviously  coated with

0.3% B r illia n t C r esy l Blue in 95% Ethyl a lcoh ol. They w ere then 

incubated in a m oist cham ber for 5 to 10 m in, a ir d r ied , fixed in 

Methanol and stained in G iem sa. 20 m icroscop e fie ld s  w ere  

exam ined with an x  100 o il im m ersion  objective and reticu lo cy te  

numbers w ere estim ated  a s  a percentage of the total number of 

RBC counted.

4.3 T otal nucleated c e ll  count

B lood  w as drawn up to the 0.5 mark in a haem ocytom eter

pipette and diluted 1 :20 with diluting flu id. (A 2% solution  of

G lacial A c etic  acid  in d istilled  w ater containing a few  grain s of

Methyl G reen). A fter thorough m ixing, one c e ll  of a Neubauer

haem ocytom eter cham ber w as fille d  and counted. The number of

nucleated c e lls  in the four outer la rg e  sq u ares w as counted and
3

m ultiplied by 50 for the number of c e lls /m m  .
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4.4 D ifferen tia l ce ll count

Thin blood f i lm s  w ere m ade on acetone cleaned s lid e s .

They w ere fixed  im m ediately  with 100% Methanol for 5 m in, and 

stained in G iem sa for 15 to 20 m in. At le a s t  300 consecutive WBC 

w ere counted from  each blood film . Neutrophil, lymphocyte and 

m onocyte counts w ere com puted from  total and differential white 

c e ll counts.

5. HISTOLOGICAL TECHNIQUES

A ll t is su e s  w ere  fixed in Carnoy's fluid and p rocessed  

according to standard h isto lo g ic a l m ethods. The staining techniques  

em ployed w e r e :-  H aem atoxy lin /E osin , Methyl Green Pyronin, 

G om ori's S ilver stain  for re ticu lin  and P e r l's  stain for 

H aem osiderin . T hese techniques w ere carried  out according to 

the m ethods d escr ib ed  in C arleton 's H istological Technique, ed ited  

by Drury and W allington (1967).

6. ESTIMATION OF BODY WEIGHTS AND ORGAN WEIGHTS

M ice were w eighed on a balance (B erkel, Auto Scale) and  

the body w eights determ ined. They w ere then k illed  by cerv ica l 

d islocation , and the thym us, sp leen , ax illary  and m esenteric lym ph  

nodes and adrenals w ere  rem oved  and placed in a petri dish con ta in ­

ing a filter  paper m oistened  with s te r ile  sa lin e . The organs w e r e  

weighed im m ediately on an O ertling balance, and the tis su es  w ere  

fixed in C arnoy's flu id  for h isto logy .
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7. BLEEDING OF MICE 

(From the re tro -o rb ita l plexus)

The m ouse w a s  rem oved from  its  box, and held firm ly  with 

the left hand. It was p ositioned  on a work bench with its  head  

turned partly onto its  le f t  side, r igh t eye upperm ost. Held in this 

im m obile position the e y e  should be protruberant due to the 

engorgement of the v en o u s plexus in the orbit. With the righ t hand 

a Pasteur pipette w as now  introduced into the m edia l canthus of the 

right eye d irecting it  b e lo w  the eye ball and towards the optic  

foram en. The p ipette w as rotated gently until it cut into the p lexus. 

Once puncture had o ccu rred  the pipette w as withdrawn very  slightly  

and blood allowed to f lo w  into it. After an adequate quantity of 

blood had entered the p ip ette , it w as withdrawn from  the eye and 

the blood discharged in to  a tube. After b leeding, the eye w as  

washed with s te r ile  s a l in e . U sing th is method m ice  could be bled  

at weekly in tervals and sam p les of up to 0 .5  ml of blood could be 

collected . The technique has been d escribed  by H alpern and 

Pacaud (1951) and Sorg and Buckner (1964).

8. COLLECTION AND STORAGE OF SERUM

Blood was a llo w ed  to c lo t at room  tem perature, le ft o v er ­

night at 4°C and the se r u m  separated by centrifugation. The serum  

was inactivated at 56°C  for 30 m in , and stored  at -70°C .
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9. THE INDIRECT FLUORESCENT ANTIBODY TEST

9.1 A n tisera

1. L yophilised  sw ine an ti-m ou se immunoglobulin conjugated to 

flu o resce in  isoth iocyanate (FITC) (Nordic pharm aceuticals) was 

purchased from  Fraburg Ltd. It was recon stitu ted  with d istilled  

water, diluted 1 :2 , and stored  in aliquots of 100p is  at -20°C .

2. Goat a n ti-m o u se  IgG j, IgG2 , IgM and IgA ser a  w ere purchased  

from  N utritional B ioch em ical Corp. C leveland, O hio, and kept 

frozen at -2 0 °C . T hese an tisera  were conjugated to FITC 

according to the method outlined in Thom pson’s "Selected  

H istochem ical and H istopathological Methods" (1966), and their 

flu o resce in -p ro te in  ra tio s  w ere determ ined accord ing to the method 

of Holborow and Johnson (1967). These p roced u res w ere carried  

out by Dr P. V ien s of th is departm ent. For d e ta ils  of procedures 

used and flu o resce in -p ro te in  ra tio s  see  V iens (1972).

9.2 F lu o rescen t antibody titration

P reparation  of s lid e  antigen -  CBA m ice w ere infected  

with l x  10^ P. b. y o e lii or P. b. berghei p a ra sitized  RBC, and were 

bled into cold hep arain ised  phosphate buffered sa lin e  (PBS) 10 days 

later. The blood was washed thrice in PBS (lOOOg at 4 C for 10 min). 

The c e ll  p ellet w as resuspended  in saline and thin film s  w ere made 

of the w ashed c e l l s  on acetone cleaned g la ss  s l id e s . The s lid e s  

w ere air dried and stored  at -70°C .

P roced ure for carrying  out te st -

1. S lid es w ere brought to room  tem perature in a d esiccator and



then fixed in  acetone for 1 to 2 min.

2. Each s lid e  was next divided into 12 areas with a pentel pen.

3. T w o-fold  dilutions of the te s t  seru m  w ere prepared and one 

dilution w as applied to each area with a Pasteur pipette. A ll sera  

w ere diluted with P B S.

4. The s l id e s  w ere now placed in a humid p ersp ex  chamber and 

allowed to incubate for 30 min at ro o m  tem perature.

5. S lides w ere  then placed in coplin ja r s  and washed three tim es  

in PBS (10 m in x 3) on a Griffin fla sk  shaker.

6. The s l id e s  w ere allow ed to drain , e x c ess  PBS was rem oved , 

and the s l id e s  rep laced  in the humid cham ber. They w ere flooded  

im m ediately  with the appropriate conjugate containing 10% of a

1% solution of Evan's Blue in sa lin e , and allow ed to incubate for 

30 m in.

The flu o resce in  conjugated swine an ti-m ou se globulin w as used  at 

a final dilution of 1 :40. The m onospecific conjugates w ere used  

at d ilutions of 1 :20. S erial d ilutions of th ese conjugates w ere  

assayed  and these dilutions w ere found to m axim ise  the sen sitiv ity  

and sp ecific ity  of the test.

7. The s l id e s  w ere washed once m ore in PBS (3 x  10 m in), mounted 

in g lycer in e buffered to pH 8 .0 , and exam ined on a Z e iss  photom icro­

scope illum inated with a high p ressu re  m ercury lamp HBO 200W 

and BG 38 and BG 12 exc iter  f i l t e r s ,  and 50/44 b a rrier  f i lte r s .

8. The d eg ree  of flu orescen ce was sco red  on a ++++ to + b a s is  

signifying a subjective sca le  of d ecreasin g  in ten sities  of flu o rescen ce ,



78

and the la s t  d ilution showing a  + w as taken a s the end point.

On a ll  s lid e s  a (known) standard serum , a norm al m ou se  

serum  and PB S w ere included as con tro ls .

The antibody titre  w as ex p ressed  as the rec ip ro ca l of 

final dilution of the te s t  seru m  which gave a p o sitiv e  staining  

reaction .

10. MEASUREMENT OF SERUM IMMUNOGLOBULIN LEVELS 

The ra d ia l im m unodiffusion technique of M ancini,

Carbonara and H erem ans (1965) w as used  to m easure IgG^, IgGg 

and IgM le v e ls  in m ouse ser a . The procedure w as a s fo llow s

1. P reparation  of agar.

To 100 m l of barbiturate buffer of pH 8.6 and ionic strength  

0.1 (m ade by d isso lv in g  9 gm of sodium  diethyl barbiturate, 65 m l 

of 1 /10  N HC1 and 0 .5  gm sodium  azid e a s a p reserv a tiv e , in 

d istilled  w ater and adjusting the volum e to 1 litre) was added 3 gm  

of Special Agar Noble (D ifco ). T his suspension  w as placed on a 

boiling water bath and s tir r ed  until a l l  the agar had d isso lved . This 

stock  solution  of agar w as stored  a t 4°C.

2. P reparation  of agar-an tiseru m  m ixture.

To p rep are the agar-an tiseru m  m ixture the requ ired  amount 

of so lid ified  3% agar g e l w as m elted  in a water bath and a llow ed  to 

cool to 60°C . The antiserum  or a su itable dilution of it in 

barbiturate buffer w as brought to 55°C after which it was m ixed  with 

the agar u sin g  a p ipette which had been preheated to 60°C. The
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agax-antiserum  m ixture w as poured im m ediately into a p erspex  

mould p laced on a le v e llin g  tray, using the sam e preheated  pipette. 

(The m oulds used w ere th ose  furnished by Hyland with their Human 

Immunodiffusion P la tes .)

3. Preparation of the agar-an tiseru m  p lates.

A volum e of 1 .5  m l of the agar-antiseru m  was poured into 

each mould and th is gave a gel 1 mm in th ickness. C ircular w ells  

of 2 mm diam eter w ere punched out of the gel and the agar rem oved  

by suction.

4. Application of antigen  sam ple.

2 p i of an tigen , i .e . te s t  serum  or standard serum ,at 

suitable d ilutions w ere p laced in each w ell with a  m icrosyrin ge .

The p la tes w ere now p laced  in a humid chamber to  prevent drying, 

and were le ft at room  tem perature for 48 hr.

5. M easurem ent of the s iz e  of precip itates.

The d iam eter of the ring shaped p rec ip ita tes  which form ed  

round the w e lls  w as m easured  using a precision  v iew er (Hyland), 

and the a re a s  within the rin gs w ere calculated. The area of the 

precipitate is  d irectly  proportional to the quantity of the im m uno­

globulin c la s s  in the te s t  sam ple.

6. Quantitation of im m unoglobulin lev e ls .

The quantity of each immunoglobulin c la s s  in a particular 

serum sam ple was ex p ressed  as a percentage of th e quantity found 

in a standard serum  p ool obtained from  12 to 15 w eek  old outbred 

T.O. m ice .
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Four d ilu tion s o f th is serum  pool from  outbred m ice  w ere  

a ssa y ed  on p lates m ade with each m onospecific an tiserum . The 

a n tisera  used w ere  goat an ti-m ou se  IgG p IgG2 , and IgM and w ere  

obtained from  F low  L ab oratories. They w ere used  at a dilution of 

1 :1 0 . The standard l in e s  obtained in th is manner w ere u sed  to 

ca lcu la te  the p ercen tage of the standard immunoglobulin le v e l in 

a p articu lar te s t  seru m . In addition to standard and experim ental 

sera  a  single co n tro l seru m  w as assa y ed  on each plate s e t  up.

11. PLASM A CORTICOSTERONE DETERMINATIONS

11.1 C o llection  and sto ra g e  of p lasm a sam p les

M ice w ere  bled from  the re tro -o rb ita l sinus using heparin  

as an anticoagulant. Up to 0 .5  m l of blood could be co llec ted  from  

each m ou se by th is  m ethod. B leed ing w as com pleted within 30 sec  

or l e s s ,  and G rigor (p erson a l com munication) has shown that there  

is  no sign ifican t in c r e a s e  in p lasm a corticosteron e le v e ls  due to the 

p r o c e s s  of b leed ing. The h eparin ised  blood w as placed on ice  and 

the p la sm a  sep arated  im m ediate ly  by centrifugation at lOOOg for 

1 5 m in at 4°C on a  M istra l m odel 2L centrifuge. P lasm a sam p les  

from individual m ice  w ere  frozen  in aliquots of 100pi at -70 C until 

an alysed . M ice w ere a lw ays bled between 9 a .m . and 10 a .m . to 

m in im ise  changes in s te ro id  le v e ls  due to diurnal variation .

11.2 Method of a n a ly s is

The m ethod u sed  to e stim a te  plasm a co r tico stero n e le v e ls  

was th at used rou tin ely  by Dr K. M. Grigor of the C hester Beatty
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R esearch In stitu te, London.

Reagents: The follow ing rea g en ts  w ere  required:

C hloroform

Sodium hydroxide 0.1N

Ethyl a lcohol

Sulphuric acid  

G lassw are

A ll g la ssw a re  including m icropipettes used  in these  

steroid  determ inations w as washed f ir s t  in Decon and then in tap  

water and d is t ille d  water b efo re  u se .

F luorescence reagen t

The flu o rescen ce  reagen t w as prepared by adding 6 .5  m l 

of concentrated sulphuric a c id  to 3.5 m l of ethyl alcohol in a f la sk  

which was coo led  under tap water a s  the reaction  was exotherm ic. 

The solution should rem ain  co lo u r le ss .

C orticosterone standards

A stock  solution of co rtico stero n e was prepared at a  

concentration of lO p g /m l. T his solution rem ains stable for months 

at 4°C . To prepare a s e r ie s  of standard solutions this stock  

solution was diluted to lp g /m l  in ethyl alcohol, and volum es o f th is 

solution were pipetted out into a s e r ie s  of sm all pyrex tubes (0 , 1,

5, 10, 20, 3 0 p i) . T hese sa m p les  w ere then placed in a drying oven 

at 56°C for 30 m in. The tubes w ere rem oved from  the oven , allowed  

to co o l, and 50 p i of d is tilled  water w ere added to each tube. Hence 

the tubes contained 0 , 1, 5, 10, 20 and 30 nanograms (n g m )/5 0 p l.
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Extraction p roced u re

A ll sa m p le s  w ere p ro ce ssed  in duplicate. 50 p i of the 

test plasm a w ere p laced  in a sm all g la s s  tube. 2 5 p i of 0.1N NaOH 

were added to the p lasm a and they w ere  m ixed  on a m icro  m ixer .

200pi of C hloroform  w ere  now added to each  tube, the tubes w ere  

stoppered and m ix ed  on a  m icrom ixer  for a  further 15 se c . The 

tubes w ere then spun  on a m icrocen tr ifuge for 1 min a t lOOg. After 

spinning the aqueous layer w as rem oved  with a m icroasp irator  

fitted to a suction  pump.

To 100p i  a liquots of the ch loroform  ex tract, 100p i of the 

flu orescen ce r e a g e n t w ere added and they w ere m ixed on a m icro ­

m ixer at 30 sec  in te r v a ls . The tu b es w ere  spun im m ediately  on a 

m icrocentrifuge a t  lOOg for 2 min. The chloroform  layer was then 

rem oved as co m p lete ly  a s  p o ssib le  with a m icro a sp ira to r , care  

being taken not to  rem o v e  the f lu o resc en ce  reagent.

Fluor im etry

The su lp h u ric  acid  layer which contained the stero id  was 

pipetted into a flu o r im eter  cuvette, which was allow ed  to stand at 

room  tem p eratu re . E xactly 45 m in after the addition of the 

fluorescent rea g en t flu o rescen ce  w as m easured  using a A m inco- 

Bowman flu o r im eter . It was im portant to m easure the flu o rescen ce  

of each sam ple a t  the sa m e in terval of tim e after the addition of the 

fluorescence r e a g e n t so  as to en su re that the d egree of n on -sp ecific  

fluorescence rem a in ed  re la tiv e ly  constant from  estim ation  to 

estim ation. To m in im ise  such e r r o r s  fluorim etry  i s  b est carried



out on batches of 6 to 8 p lasm a ex tra cts, together with a blank 

and a se t of standards.

Calculations
•— 4

A s e r ie s  of corticosteron e standards of known concentration  

and a reagent ’blank’ (50¿il d istilled  water) w ere p ro cessed  with each 

batch of p lasm a sam p les analysed. A standard cu rve of flu orescen ce  

v s . concentration of corticosteron e in n anogram s/50 pi was plotted  

on linear graph paper for each batch of sam ples. The co r tico ­

sterone le v e ls  of the te s t  sam ples w ere read off from  this graph 

in n gm /50p l and converted  to pg/lO O m l in which form  they are  

exp ressed  in the r e su lts  reported in this chapter.

12. T-CELL DEPRIVATION

12.1 Method of thym ectom y  

(P la tes 2.1a to 2 .If)

The method u sed  for thym ectom izing adult CBA m ice , 

approxim ately 8 w eeks of age, w as that routinely u sed  at the 

Department of Im m unobiology, C hester Beatty R esearch  Institute, 

London, and is  based on that of Kaplan (1950) and M iller (1960).

M ice were anaesthetised  with ether or Nem butal (Sodium 

pentobarbital) (0.1 ml of a 1 :10 dilution was given intraperitoneally), 

and stretched  out on a cork board with the ventral s id e upperm ost.

A wire loop attached to a  rubber band was hooked over the upper 

in c isors and pinned down, and a sm a ll cylindrical bo lster was 

placed under the thorax. The skin was swabbed with 70% alcohol



to m in im ise infection.

A m id -lin e  incision  w a s  made in the skin with s c is s o r s  

from  1 cm below  the chin to approxim ately the lev e l of the third  

rib . U sing two p a irs of fine blunt forcep s the sa liv a ry  glands w ere  

carefu lly  separated , until the trachea  and overly in g  fa s c ia  b ecam e  

v is ib le . N ext, a pair of fine s c is s o r s  w a s inserted  under the right 

c la v ic le  and a cut was made s lig h tly  to one side of the sternum  

approxim ately to the lev e l of th e  f ir s t  rub. A s im ila r  cut was made 

on the left s id e , and th is w as fo llow ed  by a  tra n sv erse  cut, so that 

a wedge of bone could be rem o v ed  from  the sternum . N ext, a 

rectangular p iece  of fa sc ia  3 m m  wide and extending a s  far down 

the thoracic opening a s  p o s s ib le , was rem oved  so  a s to  expose the 

thymus lying in the thoracic cav ity . At th is  stage ca r e  was taken  

to prevent air from  entering th e  thoracic cav ity . S light p ressu re  

was now applied below the diaphragm , so that the thym us lobes  

cam e to lie  in the thoracic opening. U sin g  a P asteur pipette with 

a 2 to 3 mm diam eter ( i .e . ju st sm aller  than one thym us lobe) and 

connected to a negative p r e ssu r e  vacuum pump, each thym us lobe  

was carefu lly  sucked out. A fter  rem oval of the thym us lobes the 

in c ision  was c lo sed  im m ediately  to prevent air from  entering. The 

two ed ges of the skin w ere h eld  together with forcep s and w ere  

joined with No. 7 M ichel C lips or with 9 m m  autoclips from  an auto­

clip  applier (C lay-A dam s, Inc. N.Y.).

M ortality following th e  operation was approxim ately 10%. 

Sham operations w ere ca rr ied  out in a s im ila r  m anner but without
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rem oval of the thym us lobes.

12.2 Irradiation

M ice w ere irrad ia ted  10 days after thym ectom y or sham  

thym ectom y, with a M arconi Type TM 4574B irradiation unit made 

available by the D epartm ent of P h y sic s  in M edicine, M iddlesex  

Hospital M edical S ch ool, London. For irradiation  m ice  were 

placed in a 30 cm  sq uare p erspex  container, divided into 6 

com partm ents. E ach com partm ent could hold 5 to 6 m ice . Mice 

w ere exposed to 850 r  a t 55r per m inute, delivered  unfiltered  from  

a distance of 100 cm a t  230 Kv and 15 mA.

12.3 Reconstitution w ith bone m arrow

Bone m arrow  donors w ere k illed  by cerv ica l d islocation , 

and w ere pinned down on a cork board with the dorsal s id e  upper­

m ost and the hind lim b s  w ell stretch ed . The skin was swabbed 

with 70% alcohol and in c is io n s  w ere made from  below the knee to 

the mid abdominal reg io n  on both s id e s . The fem urs w ere freed  

from  the surrounding m u scle  usin g  curved s c is s o r s ,  and they were 

dislocated and rem oved  using a com bination of M ichel c lip  forceps  

and s c is s o r s . The fem u rs w ere placed in a ster ile  p etr i dish 

containing a filter paper m oistened  with s te r ile  sa line.

To flush the m arrow , a part of the greater trochanter was 

resected  with s c i s s o r s ,  and a No. 23 need le attached to a syringe 

was inserted  through the low er extrem ity  plateau. The bone marrow  

was flushed out with 2 m l of 199 medium (W ellcom e) into a s ter ile



cavity block. The fem ur was flushed repeated ly until a ll m arrow

had been rem oved . Both fem urs w ere flushed out w ith the sam e
0

2 m l of 199 m edium . Each m ouse yielded  approxim ately 2 5 x 1 0

c e lls  from two fem u rs, and each recip ien t m ouse w as given 0.4 m l
0

of the ce ll su spension  (5 x 1 0  ce lls ) intravenously (I.V .) into the ta il 

vein.

Bone m arrow inocula w ere alw ays given w ithin 4 hr of 

x-irrad iation  of the rec ip ien ts. After reconstitu tion  with bone 

m arrow, m ice  w ere p laced on a filter  rack  (C arw orth), 5 per box, 

and were m aintained on s te r ile  water for 20 days and given standard  

m ouse food ad lib. supplem ented with sunflower s e e d s .

13. THYMUS GRAFTING 

(P la tes 2.2a to 2.2d)

13.1 R em oval of thymus lobes from  neonates

Thym us graft donors w ere 1 to 3 day old neonates. The 

donor m ice w ere k illed  by severin g  the sp inal cord. They w ere then 

fixed ventral side upperm ost on a str ip  of broad ad hesive  tape to 

facilitate rem ova l of the thym us. The thoracic skin w as d issected  

and a large thoracic flap re sec ted . Using fine s c i s s o r s  the thymus 

was rem oved and placed in a s te r ile  petri dish containing 199 medium. 

The dish w as kept on ice  until the grafts w ere used .

13.2 Technique of grafting

The technique of grafting adopted was e sse n tia lly  the method 

used by Dr E lizabeth Leuchars at the C hester B eatty R esearch
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Institute, and is  b ased  on that of Law et a l . (1963).

R ecip ien t m ice  w ere in itia lly  anaesthetised  with e th er;  

anaesthesia  was m aintained by the u se of Penthrane inhalation  

anaesthetic . Once an aesth etised  the m ice w ere shaved on th e  left 

flank, positioned  with their le ft  flanks upperm ost, and a s m a ll  

incision  w as made in the sk in  over the le ft kidney. A seco n d  

incision  w as made in the body w a ll, at the sam e point, u s in g  fine 

s c is s o r s ,  and the kidney w as ex ter io r ised . At this stage th e  thymus 

to be grafted  was p laced  on the su rface of the kidney. The kidney 

capsule w as picked up with a pair of watchmaker forceps and  a sm all 

incision  w as made in it with fin e s c is s o r s .  The thymus w a s  now 

introduced through th is  opening into the space beneath the kidney  

capsule with a blunt fo r cep s , and while keeping the capsule ra ised  

with watchm aker fo r cep s , the thym us w as gently slid  under the 

capsule with the aid  of the blunt fo rcep s.

The final position ing of the graft under the cap su le depended 

on whether the graft had to be rem oved  later in the exp erim en t or 

not. If the experim ent did not req u ire  rem oval of the g ra ft the 

thymus w as positioned at the anterior end of the kidney, at som e  

distance from  the capsular in c is io n . If the graft was to b e  rem oved  

it was found convenient to p osition  the graft to one side of th e  

incision , under the kidney cap su le .

F in a lly , the kidney w as pushed back into the p eriton ea l 

cavity, the incision  in the body w all was c losed  with silk  su tu res  

(Dexon) and the skin  inc ision  w as c losed  with autoclips.
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14. RABBIT ANTI MOUSE THYMOCYTE SERUM

14.1 P reparation

R abbit anti m ouse thymocyte serum  (ATS) was prepared  

according to th e  method of Levey and Medawar (1966). Groups of 

CBA/Lac m ice  w ere k illed  by ce rv ica l d islocation , the thymus lobes 

were rem oved , and thym ocyte c e ll  suspensions w ere prepared by 

passing the lo b e s  through a fine w ire m esh into cold 199 medium  

(W ellcome). The pooled c e lls  w ere washed tw ice and resuspended
I g

in fresh  199 m edium  at a concentration of 1 x 1 0  c e lls /m l.  10 ml 

of this ce ll su sp en sio n  was inoculated into a New Zealand white 

rabbit, in travenously . The procedure w as repeated  7 days later 

and the rabbit b led  14 days after the second injection. The serum  

was inactivated  at 56°C, absorbed with washed m ouse RBC at 37°C 

for 30 min (1 volum e of packed RBC to 3 volum es of serum ) and 

stored in 4 m l aliquots at -20°C .

14.2 A ssay fo r  im m unosuppressive potency

The im m unosuppressive potency of the rabbit anti m ouse 

thymocyte ser u m  was a s s e s s e d  by its  ability to prolong the survival 

of Parkes m ic e  skin grafts on C B A /L ac m ice . Skin grafting was 

performed u s in g  the technique of B ailey and Usam a (1960). The 

grafts were exam ined  daily and the day of rejection  was taken at that 

on which total destruction  of graft epithelium  occurred . The 

adm inistration of 0.2 ml d oses of ATS subcutaneously, on days -1 , +1, 

+3 and +5 in re la tio n  to the tim e of grafting, resu lted  in the pro-
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longation of graft su rv iva l tim e to 26.4 + 2.2 days com pared to 

9.7 ±  1.2 days in a norm al rabbit serum  (NRS) treated  control 

group.

15. VERIFICATION OF STERILE IMMUNITY

3 to 4 w eek s after recovery  from  a P. b . y o e lii infection, 

blood and variou s tis su e  c e ll  suspensions w ere subinoculated into 

clean T.O. m ice , I .P .. Groups of recovered  CBA m ice w ere f ir s t  

bled from  the r e tr o -o r b ita l sinus (0.5 ml of blood was co llected  

from  each m ouse into heparin ised  tubes) and the blood was sub- 

inoculated im m ediately  into T.O. m ice. T hese m ice w ere then 

killed  by cerv ica l d islocation; the sp leen , l iv e r , lungs and kidneys 

w ere rem oved  and placed in separate tubes containing ch illed  199 

m edium . C ell su sp en sio n s w ere prepared from  each organ by 

p assin g  the t is s u e  through a fine w ire s iev e  into 1 ml of 199 medium. 

Suspensions of bone m arrow  w ere made by flushing the contents of 

both fem u rs into 1 m l of m edium . 0 .5  ml quantities of these ce ll 

su spension s w ere then inoculated I .P . into clean  T.O. m ice.

16. INOCULATION OF MICE 

(Intravenous inoculation)

M ice in standard m ouse boxes w ere p laced  in a sp ecia lly  

designed rectangu lar wooden box (3 0 x 3 0 x 7 0  cm s) containing three  

60 watt lam p s, for 5 to 10 min until vasodilation  occurred . Each 

m ouse was then p laced  in a ’V box' (made by s littin g  one end of a 

m ouse box, the upper end of the s lit  w as 13 mm w ide, the lower end



3 m m  wide) and its  ta il held  through the bottom of the s l i t .  The 

ta il w as held with the left hand draping it over the forefinger and 

securing  it with the thumb. A No. 25 needle w as introduced into 

the la tera l ta il vein so  that the n eed le follow ed d irectly  along the 

line of the vein; if the n eed le w as within the vein , no re s is ta n ce  

was fe lt  and inoculation could be achieved ea s ily .

17. DATA ANALYSIS

A ll determ inations of blood p arasitaem ia and nucleated  

c e ll counts (total and differential) w ere carried  out on groups of 

6 m ice. Mean v a lu es and standard e r ro rs  (S .E .'s) w ere

calculated on a suitably program m ed O livetti 'Program m a 101’ 

desk com puter. Where n e c e ssa r y  Student's t - t e s t  was used  to 

determ ine the significance of d ifferen ces between groups.

Organ weight body w eight ra tio s  w ere calculated  by 

sam pling groups of 3 to 4 m ice  a t each point in the tim e-co u rse  

experim ents reported.

The data is  p resented  in the form s of graphs and tab les. 

A ll tables are included at the end of the chapter.
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EXPERIMENTS AND RESULTS

SECTION I : THE RESPONSE OF CBA MICE TO P .B . YOELII 

1. GENERAL CHARACTERISTICS

1.1 The pattern of infection  in norm al CBA m ice

N orm al CBA m ice  infected with P. b. y o e lii  showed a 

ch a ra cter istic  and reproducib le pattern of infection . When
4

inoculated with l x  10 P . b. y o e lii p arasitized  RBC intraperitoneally  

(I .P .), p a ra s ite s  could be detected in the peripheral blood by day 3. 

The p arasitaem ia  then in creased  stea d ily , peaked on day 10 or 11 - 

peak p arasitaem ia  ranging from  2 to 6% - after which there w as a 

fa irly  rapid c lea ra n ce  of p arasites from  the peripheral blood.

The blood w as usually  aparasitaem ic by day 16.

1.2 A ttem pts to re in fe c t recovered  m ice

M ice which had recovered  from  a prim ary infec tion with
0

P. b. y o e lii  w ere challenged  with inocula ranging from  l x  10 to 

l x  108 P . b. y o e l i i -p a ra sitized  RBC I .P . . No patent parasitaem ia  

resu lted . A ll p a ra s ite s  appeared to have been elim inated  from  the 

peripheral blood within 24 hours, a s  judged by blood film  exam ination.

Two w eek s after recovery  from  a P . b. yo e lii infection  

groups of CBA m ice w ere sp lenectom ized  or treated  with rabb it anti 

m ouse thym ocyte seru m  (ATS) (see  section  on 'E ffect of ATS' for 

deta ils of treatm ent schedu le used). No p a ra site s  w ere d etected  in 

the blood of th ese  m ice  (as judged by the exam ination of blood film s) 

after treatm ent, over a 20 day period of observation . 15 d ays after



treatm ent 0 .5  m l of blood from  ATS trea ted  or sp lenectom ized  m ice  

w ere sub-inoculated  I .P . into clean 5 w eek  old T.O . m ice. No 

p arasites w ere detected  in the recip ien ts over a 15 day period of 

observation after sub-inoculation. 15 days after splenectom y or 

ATS treatm ent, groups of treated m ice and untreated recovered
7

controls w ere challenged with l x  10 p arasitized  RBC. No patent 

infections developed in the untreated and ATS treated  groups.

M ice which had been splenectom ized show ed a transien t, low grade 

infection which la sted  6 days.

1.3 Attem pts to d etect p ersisten t p a ra site s

To determ ine whether CBA m ice  were com pletely free  of 

p arasites after the clearance of the blood parasitaem ia, blood and 

tis su e  ce ll su spension s from  groups of m ice 4 w eeks after recovery  

from  a prim ary in fection , were sub-inoculated into clean T.O. m ice. 

The tis su e s  exam ined w ere spleen, l iv e r ,  lungs, kidney and bone 

marrow. The rec ip ien t T.O. mice w ere  screened  for p a ra site s , by 

blood film  exam ination, for 35 days a fter sub inoculation. No p arasites  

w ere detected in recip ien ts of blood, sp le en , liver or bone m arrow.

60% of those m ice  inoculated with kidney ce ll suspensions showed  

patent p arasitaem ias within 5 days of inoculation.

2. THE EFFECTS OF T CELL DEPRIVATION

To investigate the ro le of the T  ce ll pool in P. b. y o e lii 

infections the im m unological resp o n ses of norm al, T ce ll deprived  

(deprived) and sham -deprived  (sham) m ice  were exam ined. T c e ll



deprived and sham  deprived m ice w ere used  50 days after

x -irra d ia tio n . They w ere in fected , together with a group of
4

norm al age-m atch ed  CBA m ice , with 1 x 1 0  P. b. y o e lii  p arasitized  

RBC I .P .. The p aram eters ( of the host response) studied w ere  

p arasitaem ia , haem atologica l ch an ges, antibody and serum  im m uno­

globulin le v e ls ,  and h istopathologica l changes.

In a sep arate  experim ent the effect of ATS (rabbit anti 

m ouse thym ocyte serum ) on P. b. y o e lii  in fections in norm al and 

T c e ll deprived  m ice w as investigated . In th is experim ent only 

p a ra sita em ia s w ere m onitored.

2.1 P a ra sita em ia s  

(F ig . 2.1 and T able 2.1)

P a ra sita em ia s in norm al, sham deprived and T c e ll  deprived  

CBA m ice

In a ll three groups p a ra site s  w ere f ir s t  d etected  in the 

peripheral blood 3 days after infection . Until day 8 of the infection  

the p a ra sita em ia s in the deprived group did not differ sign ificantly  

from  th ose in the sham deprived or norm al groups. H ow ever, on 

day 10 when the norm al and sham  groups showed peak p arasitaem ias  

of 5.15 and 5.03%, the m ean p arasitaem ia  in the deprived group 

(1.82%) w as sign ificantly  low er (p <  0.001). This m ight suggest 

that at th is point during the in fection , the h ost resp o n se  in the intact 

groups w as exertin g  a stim ulatory effec t on the p arasite  thereby  

acceleratin g  its  growth. T hereafter , w hile in the norm al and sham  

groups the p arasitaem ia  r e g r e s se d  rap id ly , the blood being



Fig. 2.1. Mean percentage parasitaemias in normal, sham deprived,

and T cell deprived CBA mice infected with 1 x 10 P.b yoelii 

parasitized RBC.
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a p arasitaem ic  by day 16, in the deprived group there was a steady  

in crea se  in the p arasitaem ia  and by day 30 the mean percentage  

p arasitaem ia  w as 56.35. Infections proved fatal in a ll deprived  

m ice  betw een day 34 and day 40.

P a ra sita em ia s  in ATS treated  m ice  

(F ig . 2.2 and T able 2.2)

G roups of norm al and T c e ll deprived CBA m ice were 

treated  with 0 .5  m l ATS or NRS (norm al rabbit serum ) on days - 1 ,  

+1, +3 and +5 in re la tion  to the day of infection. The serum  w a s  

ad m in istered  subcutaneously. Groups of untreated, normal and  

T c e ll  deprived  m ice , w ere a lso  included. A ll m ice were in fected
4

with 1 x 1 0  P . b. y o e lii p arasitized  RBC I.P ..

N orm al m ice

In n orm al m ice  both ATS and NRS delayed the onset of the  

in fection , p a r a s ite s  being f ir s t  detected  in the blood on day 11. In 

the NRS treated  m ice a peak p arasitaem ia  of 8% was recorded 10 

days la ter , a fter  which there was a rapid  fall in the parasitaem ia  

and clearan ce of the p arasite  was ach ieved  by day 29. In the ATS  

treated  group there w as a p ro g ressiv e  in crea se  in the parasitaem ia  

and by day 35 ( i .e .  25 days after the on set of the infection) the m ean  

percentage p arasitaem ia  w as 55.7. The infection killed 70% of the 

ATS treated  m ice  betw een days 36 and 46 of infection. Those 

which reco v ered  c leared  the blood parasitaem ia  by day 52.

T c e ll  deprived m ice

ATS and NRS treated  deprived m ice a lso  showed extended



Fig. 2.2 Mean percentage parasitaemias in rabbit anti mouse thymocyte 

serum (ATS) treated normal and T cell deprived mice, and in 

normal rabbit serum (NRS) treated normal and T cell deprived 

mice. Inoculum 1 x 10 P.b. yoelii parasitized RBC.

M a a tta a a n r  ‘ -•*
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prepatent periods. In NRS treated  m ice , patent p arasitaem ias  

w ere  seen  on day 8 -  th erea fter  the pattern of infection  was s im ila r  

to that seen  previously  in untreated deprived CBA m ice , in that a 

fulm inant infection which k illed  a ll m ice  resu lted . In the ATS 

treated  group p arasites w ere f ir s t  seen  on day 11, thereafter the 

pattern of infection was s im ila r  to that ob served  in the NRS treated  

group. The infection proved fatal in th ese  m ice  between day 34 and 

39 .

2 .2  H aem atological changes 

P acked  c e ll  volum e (PCV)

(F ig . 2.3 and Table 2.3)

Control and deprived  m ice showed a rapid  fa ll in packed  

c e l l  volum e on infection with P . b. y o e l i i . In the control groups 

anaem ia w as m axim al on day 12 of infection  (PCV was 31% com pared  

to  47% on day 0). With the e lim in ation  of the infection  there was 

gradual recovery  of PCV and by day 21 PCV in the control group 

w as 44%.

In deprived m ice the p ro g ress iv e  parasitaem ia  resu lted  in 

a continuously increasin g  anaem ia. By day 22 the PCV had dropped  

to 17.5%, and during the term in a l s ta g e s  of infection  was around 10%. 

Profound anaem ia was probably one of the m ain factors which 

contributed to the death of th e s e  an im als.

R eticu locyte lev e ls  

(F ig . 2.4 and Table 2.4)

P. b. y o e lii is  known to invade re ticu lo cy tes  p referen tia lly .



Fig. 2.3 Packed cell volume (PCV) in normal, sham and 

T cell deprived CBA mice infected with P.b. yoelii

F ig. 2.4 Mean percentage reticulocyte levels in normal, 

sham and T cell deprived mice infected with 

P.b. yoelii .
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In the p resen t exp erim en t both con tro l and deprived m ice showed  

a m arked r e t ic u lo c y to s is . In the con trols on day 10, at the peak 

of in fection , 10.9% of the RBC w ere re ticu lo cy tes. Although the 

p a ra sita em ia  r e g r e s s e d  after day 10 and was elim inated by day 16, 

in ten se  r e t ic u lo c y to s is  continued during th is period , and on day 15 

53.6% of the RBC w ere re ticu lo cy te s . Such com pensatory  

r e tic u lo c y to s is  h as been observed  by other w orkers as w ell. After 

th is th ere  w a s a rapid  fa ll in re ticu lo cy te  le v e ls ,  but even 30 days 

after in fectio n , le v e ls  w ere substantially  higher than in norm al 

uninfected  m ic e . In T c e ll  deprived  m ice re ticu locy te  lev e ls  

in crea sed  with the p arasitaem ia , and the pattern of re ticu lo cy to sis  

broad ly p a ra lle led  the pattern of infection .

T otal and D ifferen tia l N ucleated C e ll Counts 

L eukocytes

(F ig . 2.5a and T able 2.5a)

Both n orm al and deprived m ice developed a marked 

leu k o c y to s is . In norm al m ice a ten fold in crea se  in leukocyte 

le v e ls  was see n  by day 10. A fter the clearance of the parasitaem ia , 

th ere was a  gradual fa ll in the leukocyte count, but even 35 days 

after in fection  the counts w ere approxim ately three tim es those in 

uninfected  co n tr o ls .

The leu k o cy to s is  ob served  in deprived m ice was le s s  intense  

than that see n  in the control group; the leukocyte respon se in th ese  

m ice  appeared b iphasic in that th ere was a gradual increase until 

day 1 0 , after which the counts d ecreased  until day 20, and then



Absolute numbers of nucleated cells per mm in 

the peripheral blood of normal, sham and T cell 

deprived mice infected with P .b . yoel ii

Fig. 2.5a Total nucleated cell count

Fig. 2.5b Neutrophils





Fig. 2.5c Lymphocytes

F ig .2 .5 d  Monocytes
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increased  once m ore.

N eutrophils

(F ig . 2.5b and Table 2.5b)

N orm al and deprived m ice showed a v igorous neutrophil 

resp o n se . In norm al m ice , by day 23, there w as a tenfold in crease  

in the neutrophil count, at which stage peak le v e ls  w ere recorded.

T c e ll  deprivation appeared to have no significant e ffec ts  on the 

neutrophil r e sp o n se  in th ese infections and confirm ed the observation  

of W alls et a l. (1971) on the thymus independence of the neutrophil 

resp o n se .

Lym phocytes

(F ig . 2 .5c and T able 2.5c)

The control groups showed a pronounced lym phocytosis.

In norm al m ice , peak le v e ls  were observed  on day 16 of the infection. 

In deprived m ice lym phocyte lev e ls  w ere generally  low er throughout 

m ost of the 33 day period of observation , but they tended to increase  

during the later s ta g es  of the infection.

M onocytes

(F ig . 2.5d and T able 2.5d)

A m arked m onocytosis w as found in the control groups 

(norm al and sham) which was m axim al on day 13, but the peak lev e ls  

recorded  in the sham  deprived group were sign ificantly  lower than 

that observed  in the normal group. After day 13 there was a sharp  

decline in m onocyte lev e ls  and by day 35 monocyte counts in the 

control groups w ere within the norm al range. The m onocyte



2.3 Immunopathology

To study the h istopathologica l changes during P . b. y o e lii  

in fection s groups of norm al, sham  and deprived  m ice w ere sa cr if ic ed  

on day 0 , 7 , 14, 21, 28 and 35 of in fection , and the sp leen , lymph 

nodes (ax illary  and m esen ter ic ), P e y e r ’s  p a tch es, thym us, liv e r ,  

lungs, k idneys and bone m arrow w e re  rem oved  and fixed  for h is to ­

logical exam ination . B efore the an im als w ere  sa cr if ic ed  body 

w eights w ere  recorded . Spleen and ax illary  lymph node w eights  

w ere a lso  obtained before these t i s s u e s  w ere fixed . No sign ificant 

d ifferen ces  in histopathology w ere observed  betw een  the norm al and 

sham  deprived  m ice . Hence the d escr ip tion  of the h isto lo g ica l  

changes h as been lim ited  to the n orm al and T c e ll deprived groups.

A. Spleen

Spleen w e ig h t/b o d y  weight ratio  

(F ig . 2.6 and Table 2.6)

In intact m ice the sp leen  w e ig h t: body weight ra tio  shqwed 

a rapid  in c rea se  and by day 14 it  had in crea sed  from  2.80 to 35 .40. 

With the eradication  of the in fection  there w as an equally fa st drop, 

and by day 28 it was 5.60. Sham deprived m ice  showed a sim ila r  

pattern of resp o n se  but the peak v a lu e  record ed  on day 14 (18.60) 

was sign ifican tly  le s s  than in the norm al group. D eprived m ice  

showed a gradual in crease  in sp le e n  weight which paraU eled the

resp o n se  in deprived m ice appeared  to be ser io u s ly  im p aired ,

m onocyte le v e ls  being su bstan tia lly  lower than the con tro ls  through­

out m ost of the infection.





Fig. 2.6 Spleen weight/body weight ratio in normal, sham 

and T cell deprived mice infected with P.b. yoelii

Fig. 2.7 Axillary lymph node weight/body weight ratio in

normal, sham and T cell deprived mice infected 

with P.b. yoelii .
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Histopathology 

Day 7

Norm al m ice  

(P late 2.3)

By day 7 of infection  the sp leen s w ere enlarged and the 

white pulp was s lig h tly  m ore ex ten sive  than the red  pulp.

The g erm in a l cen tres had in crea sed  in s iz e . They w ere  

mainly at the e d g e s  of fo ll ic le s  and w ere som etim es confluent. They 

contained pyroninophilic b la st c e l l s ,  m acrophages, ce ll debris and 

dividing c e lls . T ra ces of h aem osid erin  w ere present in a few  

m acrophages. An accum ulation of pyroninophilic c e lls  was seen  in 

the ’thymus dependent* p er ia rter io la r  zo n es. T hese c e lls  w ere 

mainly indeterm inate lymphoid c e l l s ,  and not many mature plasm a  

c e lls  w ere s e e n .

Much h aem atopoietic activ ity  w as seen  in the red  pulp, and 

many pyroninophilic c e lls  w ere p resent. M oderate numbers of 

siderophages conta in ing  large am ounts of P er l negative haem ozoin  

w ere seen .

Deprived m ice  

(P late 2.4)

T h ese m ice showed le s s  sp lenom egaly than normal m ice.

White pulp segm en ts w ere w e ll delineated but le s s  conspicuous 

than in the co n tr o l groups and w ere found at the edges of m ost fo llic le s .

pattern of in fectio n  but, the m axim um  v a lu es recorded  on day 35,

when the p a ra sita em ia  w as 79%, was only 20.00.



Ill

They contained the sam e constituents a s in the n orm al m ice . The 

m acrophages contained little  h aem osiderin . T h ere was som e  

accum ulation of pyroninophilic c e lls  around the cen tra l a rter io le  

but it was l e s s  ex ten sive  than in the norm al m ice; the outer parts 

of the p eriarterio lar  region  w ere som ewhat hypocellu lar. The 

reticu lin  fram ew ork w as norm al.

T here was con siderab le haem atopoietic activ ity  in the red  

pulp. Many pyroninophilic c e l ls  and siderop hages loaded with 

haem ozoin w ere p resen t.

Day 14 

Norm al m ice  

(P late 2.5)

Splenom egaly was pronounced and m axim al at this stage. 

The red  pulp was m ore ex ten sive  than the white pulp.

In the white pulp active  looking germ inal cen tres w ere  

p resent at the edges of the fo ll ic le s .  The con stitu en ts w ere the 

sam e a s a t day 7. No iron pigm ent was seen  in the m acrophages. 

The p eriarter io lar  reg ion s w ere now stacked with pyroninophilic 

c e lls . A few  appeared to be mature p lasm a c e l l s .  The pyronino­

philic c e ll  resp o n se  w as m axim al at this stage . The reticu lin  

fram ew ork was som ewhat expanded.

The red  pulp showed m assive  h yperp lasia  and there was 

m ore haem atopoietic activ ity  than at day 7. T h ere was an increase  

in the number of pyroninophilic precursor c e l l s ,  and of siderophages  

which w ere filled  with large granules of haem ozoin . A few  mature



p lasm a c e lls  w ere present.

The m orphological ch an ges in the red  pulp appeared to be 

g r e a te s t  at th is stage.

D eprived  m ice

T hese sp leen s w ere much sm a ller  than in norm al m ice at 

the sa m e  stage of infection. The red  pulp was sligh tly  m ore  

ex ten siv e  than the white pulp.

The white pulp was n o t as a c t iv e  as in the norm al m ice , 

and the germ inal cen tres w e r e  much sm a ller . The zone o f pyro- 

ninophilic c e lls  around the ce n tra l a r ter io le  w as m ore prom inent 

than at day 7 , but was s t ill  l e s s  ex ten sive  than in the norm al m ice. 

The re ticu lin  fram ework w as intact.

The red  pulp showed in creased  h aem atopoiesis and 

contained num erous siderop hages loaded with haem ozoin.

Day 21 

N orm al m ice



In the red  pulp activity was waning. Many siderop hages  

w ere present.

D eprived m ice  

(P la te 2.7)

On day 21 the ’deprived' sp leen s w ere larger  than the 

’norm al' sp leen s.

The white pulp segm ents w ere inconsp icuous, and sm a ll, 

poorly delineated germ inal cen tres w ere p resent at the ed ges of the 

fo l l ic le s .  The zone of pyroninophilic lymphoid c e lls  adjacent to 

the central a rter io le  was quite extensive by th is  sta g e . It co n sisted  

of m ixed mature plasm a c e lls  and other fo rm s. M ost pyroninophilic 

c e lls  in the white pulp w ere concentrated in th is reg ion  at day 21.

No p eriarterio lar  depletion was evident.

M assive haem atopoietic activ ity  was seen  in the red  pulp, 

and w as com parable to that seen  in norm al m ice  on day 14. Many 

siderophages containing large P erl negative granu les w ere p resen t. 

Day 28 

N orm al m ice  

(P la te 2.8)

The sp leen s contained large white pulp segm en ts with 

num erous w ell defined germ inal cen tres. They contained much 

d eb ris and som e pyroninophilic c e lls .  The m acrophages contained  

faint traces of haem osiderin . The central a r te r io le s  were no longer 

prom inent and the p eriarterio lar pyroninophilic c e lls  w ere l e s s  

conspicuous and com pletely absent from  som e fo ll ic le s .



The red  pulp showed declining h aem atopoietic  activ ity .

It was con gested  with haem ozoin containing sid erop h ages, and 

looked like a sp leen  soon after carbon injection .

D eprived  m ice  

(P la te s  2.9 and 2.10)

At day 28 the red  pulp was much more ex ten siv e  than the 

white pulp, the white pulp being alm ost com p lete ly  subm erged in a 

h yperp lastic  red  pulp. A few residual germ in a l cen tres  s t i l l  

p ers is te d . E xten sive cuffs of pyroninophilic c e l l s  which included  

m ature p lasm a c e l ls  w ere found around th e  central a r te r io le s .

Often they w ere  the only tra ces of a fo l l ic le .  No p eria rter io la r  

depletion w as seen . The reticu lin  fram ew ork w as now shrunken 

and condensed  round the central a r ter io le .

The red  pulp showed intense h yp erp lasia  and was congested  

with many pyroninophilic precursor c e l ls  and haem ozoin  containing  

sid erop h ages.

Day 35  

N orm al m ice

35 days after infection the germ inal c e n tres  w ere s t i l l  

m arkedly en larged  and active looking. They contained abundant 

d eb ris and m acrophages. Few p eriarterio lar  pyroninophilic c e lls  

w ere seen  a t th is stage. Often they w e r e  absent a ltogether.

H aem atopoietic activity in the r e d  pulp w as not increased  

above norm al le v e ls ,  but many haem ozoin containing-siderophages 

w ere s t i l l  p resen t.
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The red  pulp showed declin ing haem atopoietic activ ity .

It was congested  with haem ozoin containing sid erop h ages, and 

looked like a sp leen  soon after carbon injection.

D eprived  m ice  

(P la te s  2.9 and 2.10)

At day 28 the red  pulp was much m ore extensive than the 

white pulp, the white pulp being a lm o st com pletely  subm erged in a 

h yperp lastic red  pulp. A few resid u a l germ inal cen tres s t ill  

p ers is te d . E xtensive cuffs of pyroninophilic c e l ls  which included  

m ature plasm a c e lls  w ere found around the centra l a r ter io le s .

Often they w ere  the only tra ces of a fo llic le . No p eriarterio lar  

depletion  w as seen . The reticu lin  fram ew ork w as now shrunken  

and condensed  round the central a r ter io le .

The red  pulp showed intense hyperplasia  and w as congested  

with many pyroninophilic precursor c e lls  and haem ozoin containing  

siderop hages.

Day 35  

N orm al m ice

35 days after infection the germ inal cen tres w ere s t ill  

m arkedly en larged  and active looking. They contained abundant 

d eb ris and m acrophages. Few p eriarterio lar  pyroninophilic c e l ls  

w ere seen  a t th is stage. Often they were absent altogether.

H aem atopoietic activity in the red pulp was not in creased  

above norm al le v e ls , but many haem ozoin containing siderophages  

w ere s t i l l  p resen t.





P late 2 .3  Norm al CBA m ouse; day 7 P . b. y o e lii in fection .
Central a r te r io le  of sp leen  surrounded by an  

accum ulation of pyroninophilic c e l l s .
Methyl green  Pyronin (M .G.P.) x 196

P late 2 .4  Deprived m ouse; day 7 P. b. y o e li i  infection .
Spleen show ing a white pulp seg m en t, with 

germ inal c e n tres  at the edges of the fo l l ic le s .  
A few pyroninophilic c e lls  are p resen t around  
the central a r te r io le .

4_







P la te  2.5 N orm al CBA m ouse; day 14 P . b. y o e lii  Infection. 
White pulp of sp leen  showing a c tiv e  germ inal 
cen tres  a long  the ed g es of the fo l l ic le s .  An 

ex ten siv e  zone of pyroninophilic c e l l s  is  p resen t  

around th e central a r te r io le . M .G .P . x l 9 6





P la te  2.6

P late 2.7

N orm al m ouse; day 21 P. b. y o e lii in fection . 
W hite pulp of sp leen  show ing a large and active  

looking germ inal cen tre . M .G .P . x 2 3 5

Deprived m ouse; day 21 P . b. y o e lii  in fection . 
Spleen showing poorly d em arcated  w hite pulp 

segm en ts; sm a ll germ inal cen tres  a r e  p resen t at 
the edges of the fo llic le ;  an accum ulation  of 
pyroninophilic c e l l s  is  p resen t around the central 
a rter io le .





P la te  2.8

P la te  2.9

N orm al CBA m ou se; day 28 P . b. y o e li i  in fection . 

W hite pulp seg m en t of sp leen  show ing large  
germ inal c e n tr e s . The cen tra l a r te r io le  is  not 
prom inent and few  pyroninophilic c e l l s  surround  

it. M .G .P. x23 5

D eprived m ou se; day 28 P . b. y o e li i  in fection . 
Spleen showing sm a ll white pulp seg m en ts  and  

hyperp lastic r e d  pulp. An ex ten siv e  zone of 
pyroninophilic c e l l s  is  found cuffing the cen tra l 

a rter io le . M .G .P . x 2 3 5





P la te  2.10 D enrived  m ouse: day 28 P . b. y o e l i i  in fection . 
H yp erp lastic  red  pulp of sp leen  contain ing many 

pyroninophilic c e l l s ,  and m acrop hages loaded  

with haem ozoin . M .G .P. x  196

P la te  2.11 D eprived  m ouse; day 35 P. b. y o e li i  in fection . 
Spleen show ing ex ten siv e  red  pulp and poorly  
d em arcated  white pulp. The pyroninophilic c e ll  

in filtra te  around the cen tra l a r te r io le  is  m axim al. 
No organ ised  germ inal cen tres  a r e  p resen t. 

M .G .P . x  196





P late 2 .12  L iver of dep rived  m ouse; day 28 of P . b. y o e lii  
infection. Much pigm ent is  p resent w ithin the 

Kupffer c e lls .  Foci of hepatic n e c r o s is  a re  
p resent. M .G .P . x235

Plate 2.13 L iver of norm al m ouse; day 28 of P . b. y o e lii  

infection. H epatocytes showing cy to p la sm ic  
vacuolation.



121



Deprived m ice

(P late 2.11)

During the term inal sta g es of the in fection , in the deprived  

m ice the sp leen s w ere dominated by an ex ten siv e  red  pulp.

The w hite pulp con sisted  of v e s t ig ia l fo ll ic le s  with virtually  

no organised  germ in a l cen tres . The in filtration  of the p er ia rter io la r  

area with pyroninophilic c e lls  which had in crea sed  as the infection  

p rogressed  w as now m axim al. The pyronin p ositive  zon e, the outer 

borders of which w ere ill-defined  contained som e m ature p lasm a  

c e lls  and there w as no evidence of any p er ia rter io la r  dep letion . The 

reticu lin  fram ew ork had collapsed by this sta g e .

There w as continuing h aem atopoiesis in the red  pulp with 

much pyroninophilia. Large num bers of p igm ent laden m acrophages 

w ere present and tended to outline the w hite pulp seg m en ts .

B. Lymph N odes (Axillary and M esenteric)

A xillary lymph node w e ig h t/ body weight r a t io  

(F ig . 2.7 and T able 2.7)

Both norm al and sham deprived m ic e  showed a substantial 

in crease  in the ax illary  lymph node weight : body w eight ra tio . In 

norm al m ice a fiv e  fold in crease was ob served  by day 7 , and it 

rem ained sign ificantly  increased  until day 21. In the sham  controls 

the resp on se w as slow er and peak values (4.99) w ere ob served  on 

day 14 after which there was a gradual d e c r e a se . D eprived  m ice  

showed little  change in lymph node w eight, the ra tio  in crea sin g  from  

0.6 on day 0 to a maximum of 1.10 on day 21.



H istopathology

Although a substantial in crea se  in the ax illary  lymph node 

w eight w as reco rd ed  in control groups, h isto log ica lly  no reactive  

changes w ere evident in the ax illary  or m esen teric  lym ph nodes of 

norm al or d eprived  m ice. The deprived m ice showed the usual 

p aracortica l hypoplasia.

C. P e y e r ’s  P atch es

No sign ifican t rea c tiv e  changes w ere seen  in th e  P ey er 's  

patches of n orm al or deprived m ice between days 7 and 35 of infection. 

Som e p erip h era l ce llu lar depletion  w as ob served  in the patches from  

deprived m ic e .

D. Thym us

No ch an ges w ere observed  in the thymus of norm al or sham  

co n tro ls  over the 35 day period  of study.

E. L iver

(P la te s  2.12 and 2.13)

P igm en t was seen  in the Kupffer c e lls  of the l iv e r  from  day 

7 onw ards in both norm al and deprived m ice. The am ount of pigm ent 

w as about equal at 7 and 14 d ays, thereafter it was grea ter  in the 

deprived m ic e . The pigm ent was a lm ost en tirely  n egative with 

P e r l’s  sta in  and hence w as haem ozoin rather than h aem osid erin .

The hepatocytes showed cytop lasm ic vacuolation  at and after 

day 14 in both norm al and deprived m ice . Some pigm ent loading of 

h epatocytes w as seen  at day 14. Subsequently it d ecrea sed  in norm al 

m ice  but in crea sed  in deprived m ice . Sm all foci of hepatic n e c r o s is



E xtram yelo id  h aem atopoiesis was observed in  norm al and 

deprived m ice a t day 14. It in creased  in deprived m ic e  after day 14.

F. Kidneys

By day 7 of infection  m ost glom erular tufts w e r e  sw o llen , 

fillin g  Bowm an’s  capsu le. The tufts w ere not hyper ce llu la r . T here

w as no in c r e a se  in PAS (P eriod ic  Acid Schiff) p ositive  m a ter ia l 

which showed a  m esanglia l distribution. PAS p o sitiv e  thickenings 

of cap illary  loop s w ere a lso  seen , and these appeared d ilated  in 

som e in sta n ces . Some deb ris w as seen  in the glom erular ca p illa r ie s . 

Pigm ent was p resen t in the glom erular capsu le, the ep ithelium  of 

the proxim al convoluted tubules (esp ecia lly  along the lum inal b ord er), 

fr ee  in the tubular lumen and a lso  in the in terstitia l con n ective  t is su e .  

L ittle  or no p igm ent w as seen  in the glom erular tu fts. The proxim al 

convoluted tubules w ere the f ir s t  affected in both n orm al and deprived  

m ice  at day 14. T hereafter the pigment increased  in deprived m ice  

and d ecrea sed  in norm al m ice . Most of the pigm ent gave a p ositive  

P e r l's  rea ctio n  and w as th erefore largely  haem osid erin .

G. Bone M arrow

H aem atopoietic e lem en ts appeared to be in c rea se d  by day 7 

fillin g  the m arrow  sp a ces . T hereafter p ersisten t h a em a to p o iesis  

w as seen  in th e deprived m ice , w hile in the norm al m ic e  haem ato­

p o ie s is  d ec lin ed  after day 28. The bone m arrow contained both 

haem ozoin and haem osiderin . The amount of p igm ent in creased  

after day 7 in both norm al and deprived m ice.

w ere seen  in deprived  m ice  at day 28.



2.4 F lu o resce n t antibody le v e ls

(F ig . 2.8 and T able 2.8)

U sin g  the in d irect flu o rescen t antibody te s t  (IFAT) anti- 

p lasm od ia l antibody production w as m easured  in norm al, sham  

d eprived , and d eprived  m ice  o v er  a 35 day p eriod . A ll antibody 

d eterm in ations w ere  ca rr ied  out on pooled seru m  sam p les.

T h ere  w as rap id  production of antip lasm odial antibodies 

in the co n tro l (norm al and sham) groups. High t itr e s  of IgG^ and 

IgGg an tib od ies had b uilt up by day 14 and considerab ly  in creased  

lev e ls  of th ese  two s u b -c la s s e s  w ere m aintained over the 35 day 

period o f o b serv a tio n . In the deprived group, IgG antibody 

production was s e v e r e ly  im p aired . IgGj production w as a lm ost  

co m p lete ly  su p p ressed , very  low  lev e ls  being d etected  only on 

day 21 of in fection . IgG2 production was l e s s  sev e r e ly  affected  

but the t i t r e s  re co rd ed  w ere substantia lly  low er than in the control 

groups.

IgM  w as d etected  in both intact and deprived m ice by day 7 

of in fectio n . In the con trol groups these le v e ls  w ere sustained.

The le v e l  of IgM in the deprived  group was low er than in the con trols  

but IgM production  w as not im paired  to the sa m e extent a s IgG.

T here w a s  som e in c r e a se  in IgM production during the later s ta g e s  

of the in fectio n  in the deprived m ice .

V ery  low le v e ls  of IgA w ere detected  from  day 14 onwards 

in the c o n tr o ls . IgA w as not d etected  in the deprived m ice.



Fig. 2.8. Fluorescent antibody levels (expressed as the reciprocal of the 

last dilution showing a + fluorescence) in normal, sham and 

T cell deprived mice infected with P,b. yoelii .
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2.5 Serum  im m unoglobulin lev e ls  

(F ig . 2.9 and T ab le  2.9)

The con cen tra tion s of serum  IgG-p IgG2 and IgM im m uno­

globulins w ere m easu red  in P . b. y o e lii in fected  norm al and deprived  

m ice by rad ia l im m unodiffusion. (S era  from  the sham  deprived  

groups w ere n o t included in these estim a tio n s .)

In fection  of norm al m ice with P . b. y o e lii caused  a sign ificant 

in crea se  in se r u m  IgGj and IgGg con centration s. The concentrations  

of th ese  two su b  c la s s e s  w ere h ighest on day 14, a fter  which there  

was a gradual d e c r e a se  in th ese le v e ls . T here w a s m arked  

su pp ression  of IgGj production in d ep rived  m ice , the le v e ls  recorded  

during the 35 d ay  period of infection b e in g  only m arginally  higher 

than the r e s t in g  le v e ls  in uninfected dep rived  m ice . IgG2 lev e ls

showed a s ig n ifica n t in crea se  in the d ep rived  m ice , but the con cen ­

trations w ere a lw a y s low er than in the n orm al m ice .

A ra p id  in crea se  in serum  IgM w as ob served  in the norm al 

group, peak le v e ls  being record ed  by d ay 7. Substantially elevated  

le v e ls  of IgM w e r e  m aintained until day 28 after which the concentration  

fe ll rap id ly . T he deprived m ice a lso  show ed increased le v e ls  of IgM, 

m aximum con centration s w ere reco rd ed  on day 14 after which there  

was a gradual fa l l  in IgM le v e ls .

2.6 Steroid  le v e ls  and the adrenal re sp o n se  

(F ig . 2 .10 and T ab le 2.10)

To d eterm in e  whether P . b. y o e l i i  in fection s cau sed  any 

changes in s te r o id  le v e ls ,  a separate ex p erim en t w as s e t  up. A
4

group of n o rm a l CBA m ice  was infected  with 1 x 1 0  p a ra sitized  R B C ,

* t  r . ^  •« 1« * t





Fig. 2.9 Serum immunoglobulin levels (expressed as a percentage of a 

standard serum) in normal and T cell deprived mice infected 

with P.b. yoelii .
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a - a group of uninfected  controls v s »  m aintained under die s a n e  

conditions as the in fected  group. P la sm a  co r tico stero ce  d e te r ­

m inations v e r e  ca rr ied  out on individual p lasm a sam p les c o lle c te d  

from  th ese  m ice at v a rio u s in terva ls oi tim e after infection. A drenal 

and thym us veigh.is v e r e  recorded  at the sam e tim e, and the h is to -  

patholegy of th ese  organ s v a s  a lso  investigated .

P lasm a co r tic o s ie r  one lev e ls

Infected m ice sh oved  in crea sed  plasm a co r tico stero ce  

le v e ls  from  day S o n w ard s. Substantial d ifferen ces betvreen the  

in fected  and control groups v e r e  observed  on days 14 and 16, a t 

v h ich  tim es  die in fected  group had p lasm a corticosteron e c o n ce n ­

trations of 14.5 and 19.8  pg 100 m l. com pared v .th  7.7 and 9.0 u g  

1 0 0 m l in the co n tro ls . (A peak p arasitaem ia  of 4 .80^  v a s  

record ed  on day 13 of th is  ex p er im en :. 29 days after infection

the mean p lasm a co r tico stero n e  le v e l in the infected group had 

dropped to 7 .8 0 ug 100 m l com pared v ith  6.97 ug 10*1 m l in die co n tro l 

group a: the sam e tim e .

The adrenal resp on se

The adrenal -‘e ig h t : body --eight ra tio s  in the infected  

group v e r e  higher than in the c c n tr o ls : peak values v e r e  o b serv ed  

on day 16 ( i .e . after the peak p arasitaem ia  , after v h ich , with d ie  

elim in ation  of die in fection  there w as a gradual fa ll in adrenal 

w eigh ts. H isto lo g ica lly  no sign ificant changes w ere seen  in the



g. 2.10 Plasma corticosterone levels, thymus weight/body weight ratio, 

and adrenal weight/body weight ratio in normal uninfected, and 

P . b . yoeI ii infected CBA mice .

F ig.  2.10a Concentration of plasma corticosterone.

F ig.  2.10b Thymus weight/body weight ratio.

F ig.  2.10c Adrenal weight/body weight ratio.
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Thym us

Soon after infection (day 6), an in c rea se  in thymus w eight 

was observed . This might h a v e  been due to the p arasite  in itia lly  

exertin g  an adjuvant like e ffec t. (At this stage p lasm a co r tic o ­

steron e le v e ls  in the infected group were low er than in the controls.) 

B etw een day 9 and day 20 the thym us weight : body weight ratio  was 

d ep ressed  in the infected group. By day 29 there appeared to be 

r e c o v e r y , the mean thymus w eigh t in the in fected  m ice being within 

the control range. There see m ed  to be good in v erse  correlation  

betw een the thymus weight : body weight ra tio  and the mean plasm a  

co rtico stero n e concentrations record ed  in th ese  m ice . A s in the 

p reviou s experim ent, no ch an ges were detected  in the thymus 

h isto lo g ica lly .

3. RECONSTITUTION OF T CELL DEPRIVED MICE WITH 

THYMUS GRAFTS

The respon se of the C BA  mouse to P . b. y o e lii in fections  

w as thymus dependent - thym us deprived m ice  being unable to 

respond effectively  to th ese in fectio n s. To confirm  that the im m uno­

lo g ica l lesion  in these an im als w as sp ec ifica lly  re la ted  to the absence  

of thym us derived c e lls ,  the e f fe c ts  of reconstitu tion  with thymus 

grafts w ere studied. By vary in g  the tim e of graft im plantation it 

is  p o ss ib le  to reconstitu te m ic e  to d ifferent d eg rees of im m uno­

com pétence. Using this approach an attem pt w as a lso  made to 

com pare the resp o n ses of m ice  which had been reconstitu ted  to  

d ifferent d egrees of T c e ll  com petence.
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3.1 E xperim ental design

C B A /L ac m ice  w ere thym ectom ized  at 6 -8  w eeks; 10 days

later they w ere X -irrad ia ted  with 850ra d s and recon stitu ted  with 
0

5 x 1 0  syngeneic bone m arrow  c e lls . T h ese m ice w ere d ivided

into 3 groups A , B and C which were recon stitu ted  with thym us

grafts con sistin g  of two thym us lobes from  C BA/H .T6T6 n eon ates.

A ll g ra fts  w ere im planted under the kidney capsu le.

Groups A , B and C w ere recon stitu ted  with grafts on day

-3 0 , -1 5  and 0 in re la tion  to the day of infection . The m ice  in

group A w ere recon stitu ted  20 days after X -irrad iation ; h en ce ,

when the three groups of m ice w ere infected  50 days had e lap sed
4

sin ce  irrad iation . The in fective  inoculum  co n sisted  of 1 x 1 0  

P. b. y o e lii  p arasitized  RBC. The m ice in group C w ere recon stitu ted  

2 h ours after infection .

The p aram eters studied in th is experim ent w ere the blood  

p arasitaem ia  and h istopathological changes in the lymphoid organs. 

Groups of infected m ice  w ere sa cr ificed  7 , 14, 21, 31 and 45 days 

after infection  for h istopathological stu d ies . Some m ice from  

groups A and B w ere a lso  sa cr ific ed  for histopathology a fter  graft 

im plantation and b efore infection  in order to follow  the pattern  of 

graft regeneration  and im m unological recon stitu tion .

3.2 P a ra sita em ia s  

(F ig . 2.11 and Table 2.11)

Unlike T c e ll  deprived m ice in which P . b. y o e lii in fection s  

alw ays proved fa ta l, a ll m ice recon stitu ted  with thymus g ra fts



Fig. 2.11 Mean percentage parasitaemias in P.b. yoelii infected T cell deprived mice 

reconstituted with thymus grafts 30 days before infection (group A), 15 days 

before infection (group B), or on the day of infection (group C ) .

\
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In group A which had been reconstituted 30 days before 

infection a peak parasitaem ia of 10% was recorded on day 14, and 

the infection was eliminated by day 22. Thymectomized m ice which 

are reconstituted with thymus grafts im m ediately after X -irradiation  

and reconstitution with bone m arrow have been shown to regain near 

norm al leve ls  of immunocompétence within 30 days. The somewhat 

extended parasitaem ias in group A m ice , compared to normal intact 

CBA m ice which eliminate the blood parasitaem ia in 15-16 days, 

suggest that complete respon siven ess had not been restored  in these  

reconstituted m ice. This m ay be due, in part, to the delayed  

implantation of thymus grafts in the present experim ent.

Group C m ice, in which grafts were implanted soon after 

infection, showed the most sev e re  infections - peak parasitaem ias 

of 23.86% being recorded on day 19 and the blood parasitaem ia  

p ersisting  for 29 days.

Group B, in which grafts w ere implanted 15 days before 

infection, showed a response interm ediate between groups A and C, 

in that the infection lasted 26 days. However, the peak parasitaem ia  

in th is group (10.16% on day 19) was very sim ilar to that observed in 

group A.

survived the infection. O verall, the pattern and duration of

infection in the 3 groups showed good correlation with the extent

to which immunocompétence had been restored with thymus grafts.
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3.3 Immunopathology

The histopathological responses seen  in the sp leen s of 

the 3 groups of reconstituted m ice, form ed a spectrum  interm ediate 

between that observed in the normal CBA mouse and the T ce ll 

deprived m ouse. The cellu lar changes and the tim e course of the 

resp o n ses in group A mice w ere close to that observed in intact 

CBA m ice , while the nature and pattern of respon ses in group C 

approached that seen  in deprived m ice. The state of the thymus 

grafts, as judged by weight and histological appearance, usually 

correlated  with the degree of immunological respon siven ess and in 

particu lar, with the amount of germinal centre activity seen . In 

group A , grafts examined during the infection were large and 

showed good cortico-m edullary differentiation. In group C (which 

was grafted on the day of infection), the grafts initially involuted, 

and on day 7 consisted  mainly of reticular c e lls . The grafts then 

regenerated  and by day 31 normal thymic architecture had been 

resto red , but the grafts s till appeared sm aller than control grafts 

implanted in normal uninfected m ice. The germ inal centre  

respon se was weakest in this group.

The reactive changes seen in the sp leens and thymus grafts 

on day 21 of infection, were considered representative of the 

experim ent a s  a whole, and w ill be described in som e detail.

Group A .

(Graft implanted 30 days before infection)

The spleen was enlarged and the white pulp was more
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extensive than the red pulp. The w hite pulp segm ents w ere prominent 

and consisted  mainly of numerous large and active looking germinal 

centres arranged along the periphery of the fo llic le s . The pyronino- 

philic c e ll  response in the periarteriolar regions which had been 

pronounced earlier in the infection had receded, and w as now lim ited  

to a sm a ll zone of ce lls  cuffing the central arterio le . Red pulp 

activity was waning. The thymus grafts were large and showed 

good differentiation of both cortex and medulla.

Group B .

(Graft implanted 15 days before infection)

Splenomegaly was more pi'onounced than in group A and the 

red pulp was more extensive than th e  white pulp. The white pulp 

segm ents were sm aller and appeared le ss  active than in group A.

The respon se in the ’thymus dependent’ area w as variable. In som e  

fo llic le s  few pyroninophilic cells w ere  observed; in others the zones 

w ere s t i l l  quite extensive.

The thymus grafts were w e ll  differentiated and histologically  

showed no difference from group A grafts. However, the thymus 

graft w e ig h t: body weight ratio was 11.74 compared to 17.40 in group 

A.

Group C .

(Graft implanted 2 hours after infection)

The degree of splenom egaly was sim ilar to that recorded  

in group B , but the red pulp was even  more extensive. The white 

pulp segm ents were sm all, but w ell delineated. Germinal centre



developm ent was poor and group C m ice showed the lea st amount 

of germ inal centre activ ity , at this stage of infection. Extensive  

zon es of pyroninophilic c e lls ,  consisting of large indeterminate 

c e l ls  and som e plasm a c e lls  were found surrounding the central 

a rter io le . The overa ll h istological picture was comparable to that 

see n  in a P . b. yoelii infected deprived m ouse 21 days after infection.

The thymus grafts were sm all and involuted, and consisted  

la rg ely  of cortica l e lem en ts, little medullary tissu e being present.

The grafts were approxim ately 1 /3  the s ize  of a day 21 graft in an 

uninfected m ouse and the thymus graft weight-.body weight ratio  

w as 4.75.
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SECTION n . THE RESPONSE OF CBA MICE TO 
P. B. BERGHEI

1.1 P arasitaem ias  

(F ig . 2.12 and Table 2.12)

P. b. berghei produced a fulminant infection in the CBA
4

m ouse. With an inoculum of 1x10 parasitized  RBC given I .P ., 

p arasites w ere detected in the peripheral blood within 2 to 3 days.

The parasitaem ia mounted rapidly; by day 10 the mean percentage 

parasitaem ia w as 4.75 and by day 18 it w as 27.60. The infection  

proved fatal in a ll mice between day 20 and 26. The term inal 

parasitaem ias ranged from 40 to 50%, and were significantly lower 

than the term inal parasitaem ias seen in P . b. yoelii infected deprived 

m ice.

1.2 Haematology 

Packed ce ll volum es (PCV)

(Fig. 2.13 and Table 2.13)

P. b. berghei infected CBA m ice developed a severe anaemia 

within two w eeks of infection. The sever ity  of the anaemia increased  

as the infection progressed , and by day 22 the haem atocrit had fallen 

from 48.15% on day 0 to 11.08%. Mercado and Coatney (1951) who 

studied P. berghei infections in the m ou se, also reported the 

development of a marked anaemia. M ore recently Hejna et a l. (1974) 

found that in P . berghei infected CD-I m ice , transfusion of homo­

logous erythrocytes could restore peripheral erythroid param eters 

to control le v e ls  and increase the survival rate of these m ice
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significantly.



Mean percentage parasitaemias in normal CBA mice infected with 1 x 10 

P.b. berghei parasitized RBC.

Fig. 2.12



M E A N  PERCENTAGE PARASITAEM IA

OH



Fig. 2.13  Packed cell volume (PCV) in normal CBA mice 

infected with P.b. berghei.

F ig . 2.14 Absolute numbers of nucleated cells per mm° in the 

peripheral blood of normal CBA mice infected with
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T ota l and differential nucleated cell counts 

(F ig . 2.14 and Table 2.14)

Although P. b. berghei infections triggered off a pronounced 

leu k o cy to sis , the total nucleated cell counts were lower than in 

P . b . yo e lii infected norm al CBA m ice, and diming the earlier stages  

of infection  the counts w ere sim ilar to those recorded in P . b. yoelii 

in fected  deprived m ice.

Monocyte production, in particular, was severely  

d ep ressed . W hereas in P . b. yoelii infections an 8 fold increase  

in m onocyte lev e ls  w as observed by day 6 of infection, in P . b. 

b ergh ei infected m ice monocyte counts showed a very slight 

in c r e a s e , and the maximum value recorded was 2,639 + 1,654 on 

day 25. (In P . b. y o e lii infected norm al CBA m ice maximum counts 

of 2 9 ,2 0 6  were observed on day 13.) P . b. yoelii infected deprived  

m ic e  had fewer m onocytes in the peripheral blood than normal 

m ic e , hence the resp on se  is  probably T ce ll dependent. Although 

th e exact significance of the monocyte response in these infections 

i s  uncertain , these c e lls  could have a ro le  in the effector phase of 

the respon se to the parasite.

Increased lymphocyte leve ls  were observed, and the counts 

appeared to be within the range seen in  P . b. yoelii infections.

Neutrophil counts showed a gradual increase as the para-

s ita em ia  mounted; during the earlier stages of infection the response  

seem ed  weaker than in P . b. yoelii infected m ice.



1.3 Immunopathology

Histopathological changes in the spleen, axillary and 

m esen teric  lymph nodes, P eyer's  patches, thymus, liver and 

adrenals were studied on days 5, 9 , 15, 18 and 22 of a P . b. berghei 

infection. As in the previous experiment body weights and organ 

weights of the t issu es  examined were recorded. Organ weights 

w ere not recorded on day 22.

A. Spleen

Spleen w eigh t/ body weight ratio  

(F ig . 2.15a and Table 2.15)

P. b. berghei induced marked splenomegaly. Changes in 

the spleen weight : body weight ratio paralleled the progressive  

parasitaem ia. Within 9 days the spleen weight : body w eight ratio 

had increased  from  3.0 to 13.70 and by day 18 the value recorded  

was 24.40. The maximum splenomegaly observed was considerably  

le s s  than in a P. b. yoelii infection in normal CBA mice. In these 

infections by day 14 the spleen weight : body weight ratio had 

reached 35.40.

Histopathology 

Day 5

(P late 2.14)

Within 5 days the spleen showed a slight increase in size . 

The white pulp was somewhat more extensive than the red  pulp.

In the white pulp the fo llic le s  had increased in s iz e .  The 

germ inal centres were distributed along the periphery of the fo llic les



and they contained som e pyroninophilic b last ce lls; no pigment 

(haem osiderin  or haemozoin) was seen  in the germ inal centres at 

this stage. In the periarteriolar reg ion s, som e la rg e  pyronino­

philic c e l l s  had begun to accumulate. M orphologically, these ce lls  

resem b led  the indeterm inate lymphoid c e lls  which w ere seen around 

the central arteriole in P. b. yoelii infections.

T he red pulp appeared haem atopoietically active . It 

contained many large pyroninophilic b last c e lls  and a few haemozoin  

containing m acrophages.

Day 9

(Plate 2.15)

T he splenom egaly was m ore pronounced and the red pulp 

was m ore extensive than the white pulp.

T he white pulp segm ents were well delineated and the 

germ inal cen tres showed essentia lly  the same constituents a s at 

day 5. H aem osiderin  was observed in som e m acrophages. An 

extensive zone of pyroninophilic c e lls  was now p resent around the 

central a r ter io le . T his included a few mature p lasm a ce lls .

T he red pulp was very active looking and contained large  

numbers o f heavily pyroninophilic c e lls , including mature plasm a  

ce lls . T h ese  pyroninophilic c e lls  appeared to be concentrated along 

the peripheral reg ions of the red pulp. A few m egakaryocyte-like  

c e lls  and many haemozoin containing macrophages w ere also present.
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Day 12 to Day 15 

(P la te s  2.16 and 2.17)

By day 15 the red pulp was much more extensive than the 

white pulp and appeared to dominate the histopathological p icture of 

the spleen.

The white pulp regions appeared sm aller than at day 9 and 

w ere not so w ell defined. The germinal centres were arranged  

along the periphery of the mantle and contained many large p yro- 

ninophilic c e lls  and som e haem osiderin within macrophages. They 

appeared to be le s s  w ell developed than in P. b. yoelii infections at 

a com parable stage. Some megakaryocytes were seen in the white 

pulp. T hese ce lls  are normally present only in the red pulp; their 

p resence in the white pulp was probably indicative of the extent to 

which the normal splenic architecture had been disrupted. T here  

w as further expansion of the pyroninophilic ce ll population in the 

’thymus dependent' periarteriolar region. Few mature plasm a  

c e l ls  were observed.

The red pulp was active and showed m assive hyperplasia.

It w as infiltrated with pyroninophilic c e lls  and haemozoin containing 

m acrophages. The pyroninophilic c e lls  and the haemozoin pigm ent 

w ere distributed throughout the red pulp. Most of the pyroninophilic 

c e l ls  were large and included mature and immature plasma c e lls .  

Day 18

By day 18, the splenom egaly was even more severe. The 

reactive  changes in the red and white pulp showed little change from





Plate 2.14 N orm al CBA m ou se; day 5 P . b. b ergh ei in fection .
White pulp of sp leen  showing an accum ulation of 

pyroninophilic c e l l s  around the central a r te r io le .  
M.G.P. x 196

P late 2.15 Norm al CBA m ouse; day 9 P . b. b erghei in fection .
An exten sive zone of pyroninophilic c e l ls  is  found  
surrounding the cen tra l ar ter io le . G erm inal 
cen tres are p resen t along the peripheral reg io n s  
of the white pulp. M.G.P. x  196





Norm al C B A  m ouse; day 12 P. b. berghei 
infection. The white pulp seg m en ts  of the sp leen  
are  not c le a r ly  delineated; the dominant featu re  

of the fo l l ic le  is  the in ten se pyroninophilia around  

the cen tra l a r ter io le . G erm inal cen tres  a re  

poorly d efin ed . M .G .P. x l9 6

Normal C BA  m ouse; day 15 P.b. berghei infection . 
Spleen show ing further expansion of the zone of 

pyroninophilic c e lls  which surrounds the cen tra l 
a rter io le . M .G P. x 196
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P late 2.18 N orm al CBA m ouse; day 24 P. b. b erghei infection.
Spleen showing poorly  dem arcated white pulp segm ents  

surrounded by h yp erp lastic  red  pulp. G erm inal 
cen tres are p resen t but do not look very active; the 
pyroninophilic c e l l  resp on se  in the p eriarterio lar  
region  is  m axim al. M acrophages containing large  
clum ps of haem ozoin  are present in the red  pulp. 

M .G .P. x 196
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that seen  on day 15. The white pulp reg io n s w ere dom inated by 

m a ssiv e  zon es of pyroninophilic c e lls  cuffing the cen tra l a r ter io le s . 

The in ten sity  of th is re sp o n se  appeared to p a ra lle l the pattern of 

infection v ery  c lo se ly .

Day 24 

(P late 2.18)

T here w as little  change in sp leen  s iz e  betw een day 18 and 

day 24 of infection . Red pulp activ ity  appeared to be waning and 

a s a r e s u lt  the white pulp segm en ts w ere b etter defined.

The white pulp co n sisted  m ainly of la rg e  zon es of pyronino­

philic c e l l s  in the p er ia rter io la r  reg ion s. G erm inal cen tres  w ere  

sm a ll and not very  active  looking. They w ere i  to i  the s iz e  of 

the germ inal cen tres  seen  in P . b. y o e lii in fection s in intact CBA 

m ice at a s im ila r  stage of infection. The number of germ inal cen tres  

was a lso  much reduced com pared to P .b . y o e lii  in fection s.

Red pulp activ ity  was declin ing, but many pyroninophilic 

c e lls  and haem ozoin containing m acrophages w ere p resen t.

B. Lymph N odes

(F ig . 2.15b and Table 2.15)

P . b. b ergh ei infected  CBA m ice showed in crea sed  ax illary  

lymph node weight :body weight ra tio s . Maximum v a lu es  w ere  

record ed  on day 15 of in fection . H isto log ica lly  no sign ifican t changes 

w ere ob served  in the a x illary  or m esen ter ic  lymph n odes of infected

m ice.



C. P ey er ’s  P atch es

No r e a c tiv e  changes w ere detected during the 24 day period

of study.

D. Thymus

(F ig . 2 .15c, Table 2 .15  and P la tes  2.19 to 2.22)

P . b . b ergh ei infections caused gradual involution of the 

thym us. W ithin 5 days of infection, a drop in  the thym us w e ig h t: 

body weight ra tio  w as detected and this trend continued a s  the 

infection p ro g re ssed . By day 18 the thymus weight :body weight 

ra tio  had dropped to 1 .58, from  a value of 8 .0 0  on day 0.

H isto lo g ic a lly , the thymus showed a  ch aracter istic  s e r ie s  

of changes a s  the infection  progressed . D uring the early  stages  

of infection , no rea c tiv e  changes were seen . On day 9 there  

appeared to b e som e evidence of cortical d ep letion , but th is was 

restr ic ted  to sligh t denudation of the thymic cortex . By day 15, 

considerab le depletion of the cortex had o ccu rred . H a ssa ll's  

co rp u sc les , which co n s is t  of concentrically arranged epithelial c e l ls ,  

w ere a prom inent featu re of the thymic m edulla at th is stage; many 

of these co r p u sc le s  contained pigment within m acrophages. T here  

w as also  so m e  germ inal centre development within the m edulla, 

and accum ulations of pyroninophilic ce lls  including a few plasm a  

c e l ls ,  were ob served  along the peripheral reg io n s  of the thymus. 

From  day 18 onw ards, in addition to severe destruction  of the 

thym ic co r tex , there appeared to be considerable m edullary depletion  

a s w ell. In the term in al stages of the in fection , the thymus





P la te  2.19 Thym us of n orm al uninfected CBA m ouse. Note
«

the re la t iv e  proportions of cortex  and m ed u lla . 
H aem atoxylin and Eosin  (H.& E.) x 196

P late 2,20 Thymus of CBA m ouse; day 18 P. b. b erg h e i  

in fection , show ing exten sive  depletion of the  
thym ic cortex . H .& E . x  196







P la te  2.21 Thym us of CBA m ouse; day 15 P . b. b ergh ei 
in fection , show ing H a ssa ll’s  co rp u sc le s .

H. & E . x 4 0 0

P la te  2 .22 Thym us of CBA m ouse; day 15 P . b. b ergh ei 
in fection , show ing germ inal cen tre  developm ent. 
H. &E.  x 400







presented  a g r o ss ly  atrophied appearance ch aracter istica lly  found 

in sta tes  of acu te  s tr e s s  or illn ess .

E. A drenals

(F ig . 2.15d and Table 2.15)

A drenal weights and the adrenal weight :body weight ra tio s  

w ere in crea sed  during the infection.

S ignificant adrenal hypertrophy, particularly of the adrenal 

cortex was d etected  from  day 9 onwards. The d egree of adrenal 

cortica l activ ity  appeared to increase a s  the parasitaem ia mounted. 

Marked expansion of a ll three zones of the adrenal cortex w as seen  

from  day 15 onw ards.

F . L iver

H aem ozoin pigm ent was seen in the Kupffer c e lls  of the 

liver from  day 9 onwards, and the amount of pigm ent increased  

p ro g ress iv e ly . F oci of n ecro sis  and accum ulations of pyronino- 

philic c e l l s ,  including many b last c e lls  w ere  observed at day 15, 

and th ese  fea tu res  becam e more intense a s  the infection p rogressed .

1.4 Steroid le v e ls

P la sm a  corticosterone determ inations w ere carried  out on 

pooled p lasm a sam p les obtained from m ic e  on day 15 of a P . b. 

berghei in fection , and from  a group of norm al uninfected m ice . The 

mean concentration  of corticosterone in the plasm a of the infected  

group was 1 7 .5 p g /1 0 0 m l compared to lO .O pg/lO O m l in the controls.
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p resen ted  a g r o ss ly  atrophied appearance ch a ra c ter is t ic a lly  found 

in s ta te s  of acute s tr e s s  or illn e s s .

E. A drenals

(F ig . 2.15d and Table 2.15)

A drenal w eights and the adrenal w eight :body w eight ra tio s  

w ere in crea sed  during the infection .

S ignificant adrenal hypertrophy, particu larly  of the adrenal 

cortex  w as detected  from  day 9 onw ards. The degree of adrenal 

co r tica l activ ity  appeared to in crea se  a s  the p arasitaem ia  mounted. 

Marked expansion of a ll three zones of the adrenal cortex w as seen  

from  day 15 onw ards.

F . L iver

H aem ozoin pigm ent was seen  in the Kupffer c e lls  of the 

liv er  from  day 9 onw ards, and the amount of p igm ent in crea sed  

p ro g re ss iv e ly . F o c i of n e c r o s is  and accum ulations of pyronino- 

philic c e l l s ,  including many b last c e l l s  were ob served  at day 15, 

and th ese  fea tu res becam e m ore in ten se as the infection p ro g ressed .

1.4 Steroid  le v e ls

P la sm a  co rtico stero n e determ inations w ere ca r r ied  out on 

pooled p lasm a sa m p les  obtained from  m ice on day 15 of a P . b. 

berghei in fection , and from  a group of norm al uninfected m ice . The 

mean concentration  of co rtico stero n e in the p lasm a of the infected  

group w as 17.5 p g /100 m l com pared to 1 0 .0 p g /100 ml in the con tro ls.



Fig. 2.15 Organ weight/body weight ratios in normal CBA mice infected with F^b 

Fig. 2.15a Spleen weight/body weight ratio.

Fig. 2.15b Axillary lymph node weight/body weight ratio.

Fig. 2.15c Thymus weight/body weight ratio.

Fig. 2.15d Adrenal weight/body weight ratio.

. berghei.
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1.5 F lu orescen t antibody lev e ls  

(F ig . 2.16 and Table 2.16)

U sing the ind irect fluorescent antibody te s t  (I.F .A .T .) 

anti p arasite  antibody w as m easured. Total Ig le v e ls  in normal 

P. b. berghei infected CBA m ice w ere much lower than the titres  

in P . b. y o e lii  infected intact m ice. In P . b. berghei infections 

antibody w as f ir s t  detected  on day 10, after which there appeared  

to be som e in crea se  in production, but the h ighest titre recorded  

was 64.

IgGj production followed a sim ila r  pattern and these t i t r e s  

w ere a lso  gen erally  low er than in P . b. y o e lii infected m ice. The  

kin etics of IgG2 production were essen tia lly  s im ila r  to that seen  in  

P. b. y o e lii in fection s, in that there w as a steady in crease in le v e ls  

as the infection p ro g ressed . The t itr e s  of IgG2 w ere generally  

interm ediate betw een th ose observed in norm al and T c e ll d eprived  

m ice infected with P. b. y o e li i .

IgM w as detected  from day 5 onwards and peak titres  w e r e  

recorded  on day 15. The IgM lev e ls  in P . b. berghei infections, d id  

not show any appreciable d ifference from  the lev e ls  observed in 

P. b. y o e lii infected  norm al m ice. No IgA was detected.

1.6 Serum im m unoglobulin lev e ls  

(F ig . 2.17 and Table 2.17)

T here w as a gradual in crease  in serum  IgG^ lev e ls  during  

the cou rse of infection. Over the f ir s t  16 days the concentration





Fig. 2.16 Fluorescent antibody levels (expressed as the reciprocal 

of the last dilution showing a + fluorescenc^ in normal 

CBA mice infected with P.b. berghei.





Fig. 2.17 Serum immunoglobulin levels (expressed as a

percentage of a standard serum) in normal C3A 

mice infected with P.b. berghei.
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of IgG j appeared to be l e s s  than in P . b. y o e lii in fections. In 

P. b .  y o e lii in fected  m ice a level of 55% was observed  on day 14, 

a fter  which IgG^ le v e ls  declined. In P . b. berghei infected m ice  

the IgG j concentration  on day 16 was 31%, but the lev e l ro se  

th erea fter  and on day 34 w as 70%.

The k in e tic s  of serum  IgGg production w ere sim ila r  to 

that detected  in the flu orescen t antibody te s t . IgGg ê v e ŝ  showed  

a s te a d y  in c rea se  as the parasitaem ia  mounted and by day 16 the 

concentration  w as 140%. leve*s  appeared to be sligh tly  higher

in P .  b. y o e lii in fection s over the f ir s t  14 days, the concentration  

on d a y  14 being 195%.

Serum IgM in creased  rapidly after infection , IgM lev e ls  

in c r e a s in g  from  25.5% in uninfected controls to 77% by day 5.

T h erea fter  the le v e l plateaued until day 19, after which it decreased .

SECTION m . THE RESPONSE OF T.O. MICE TO 
P .B .Y O E L II AND P.B.BER G H EI

P re lim in a ry  experim ents had shown that outbred T .O . Sw iss 

m ic e  w ere m ore su scep tib le  to the m alarial p ara sites  P . b. y o e lii  

and P .  b. b erg h e i. E xperim ents w ere carried  out to com pare the 

r e s p o n s e s  of th is  stra in  of mouse with the inbred CBA strain .

In the c a s e  of P . b. yoelii infections the p aram eters studied  

w e r e  the blood p a ra sita em ia , histopathological changes in the sp leen , 

lym p h  nodes, thym us and adrenals; flu orescen t antibody le v e ls  and 

p la sm a  co rtico stero n e le v e ls . In P . b. berghei in fection s, investigations
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w ere lim ited  to a study of the blood parasitaem ia , h istopathology of 

the sp leen , thymus and ad ren a ls, total and differential n ucleated  ce ll  

counts on the p eripheral blood, and flu orescen t antibody le v e ls .

1. THE RESPONSE OF T.O, MICE TO P.B.YO ELII

1.1 P arasitaem ias  

(F ig . 2.18 and Table 2.18)

P . b. y o e lii infections w ere studied in a group of T .O . m ice  

aged 10 to 12 w eek s, which w ere infected with an inoculum
4

con sistin g  of l x  10 p arasitized  RBC I.P .. The resu ltin g  in fection  

w as much m ore se v e r e  than in the CBA m ouse. P a ra site s  w e r e  

seen  in the p eripheral blood by day 3 , the parasitaem ia in crea sed  

stead ily  and by day 11 16.47% of the RBC w ere p arasitized . Unlike  

in the CBA m ouse in which there w as rapid re g ress io n  of the p a r a ­

sitaem ia  from  around day 10 to 12, and clearance of the blood 

parasitaem ia  by day 16, in the T .O . m ouse the parasitaem ia  

in creased  further and on day 16 the mean percentage p arasitaem ia  

w as 34.92%. B etw een day 18 and day 23 the infection k illed  45% of 

the m ice. Maximum p a ra sita em ia s, in the group as a whole, w ere  

recorded  on day 19 (56.30%) after which there w as gradual r e g r e s s io n  

of the infection; a ll m ice  which survived  the infection w ere a p a ra -  

sitaem ic by day 27.

The age of the T.O. m ice see m s to be an important fa c to r  

in determ ining the outcom e of a P . b. y o e lii infection. E xperim en ts  

not reported h ere , have shown that with younger m ice , aged 6 to  7
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w eek s the infection  is  often m ore se v e r e  and in creased  m ortality  

i s  seen .

1.2 Immunopathology

A. Spleen

Spleen w eight/body weight ra tio  

(F ig . 2.19a and Table 2.19)

Pronounced sp lenom egaly  w as observed throughout the 

in fection . The sp leen  w eigh t :body weight ratio  w as m axim al on 

day 17, at which stage the ra tio  w as 36.69 com pared to 5.80 on day 0 

of in fection . Even 59 d ays after infection the sp leen  weight :body 

w eight ratio  (11.69) was sign ifican tly  ra ised .

H istopathology

The rea ctiv e  ch an ges seen  in the sp leen  of the T.O. m ouse  

w ere  s im ila r  to those o b serv ed  in the norm al CBA m ouse infected  

with P . b. y o e l i i , but there w ere d ifferen ces in the intensity  and 

k in etics  of the re sp o n ses  ob served .

Changes w ere ev id en t in the white pulp by day 6. G erm inal 

ce n tres  had enlarged and pyroninophilic lymphoid c e l l s  had begun to 

accum ulate around the cen tra l a r ter io le . T his pyroninophilic c e ll  

resp o n se  in tensified  a s  the parasitaem ia  increased  and by day 14 

form ed  a m a ss iv e  zone of c e l l s  around the central a r ter io le . A  

few  m ature p lasm a c e lls  w e r e  seen . Most of the pyroninophilic 

c e l ls  w ere m orphologically s im ila r  to the indeterm inate b last type  

c e l l s  seen  in the CBA m o u se . T his resp o n se  was m axim al at the 

peak of the infection  (day 19). In those m ice  which survived  the



Fig. 2.19 Organ weight/body weight ratio in T.O . mice infected with P.b. yoelii 

Fig. 2.19a Spleen weight/body weight ratio 

Fig. 2.19b Axillary lymph node weight/body weight ratio 

Fig. 2.19c Thymus weight/body weight ratio 

Fig. 2.19d Adrenal weight/body weight ratio.
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infection the thym us dependent p eriarterio lar reg ion  gradually  

returned to norm ality  a s the p arasitaem ia was c leared .

G erm inal cen tres w ere conspicuous by day 14 of infection, 

but the o v era ll k in etics  of the germ inal centre re sp o n se  appeared  

to be slow er than in the CBA m ouse. The germ inal cen tres  w ere  

arranged around the periphery of the fo llic le s  and showed the usual 

constituents. M ice which reco v ered  showed la rg e  active  germ inal 

cen tres which w ere the predom inant featu res of the sp leen s after 

day 30, at which stage the other elem ents were re la t iv e ly  q u iescent.

T here w as much activ ity  in the red  pulp, the nature of which 

was sim ilar  to that seen  in ibe CBA sp leen s. T his activ ity  was 

m axim al at the peak of the infection , and then gradually declined.

B. Lymph N odes (A xillary and M esenteric)

(F ig . 2.19b and T able 2.19)

Lymph node -.body w eight ra tio s  w ere r a ise d  on days 5 and 

17 of infection . The ax illary  nodes showed som e enlargem ent of 

germ inal cen tres  on day 14. No significant change w as seen  in the 

axillary  or m e sen ter ic  nodes at other sta g es of infection . No 

evidence of p aracortica l depletion was observed.

C. Thymus

(F ig. 2 .19c, T able 2.19 and P la tes  2.23 to 2.26)

Thymus weight and thymus w e ig h t: body weight ratio  showed  

a p ro g ressiv e  d eclin e over the f ir s t  17 days of in fection . On day 17 

the thymus w eight :body weight ratio  w as 1.37 com pared to 6.40 on 

day 0. By day 27 there w as som e recovery  and on day 59, i .e .  22 

days after the elim ination  of the infection , the thym us w eight:body





P la te  2.23 Thym us of norm al uninfected  T.O . m o u se .

P la te s

H. & E . x 70

.24, 2 .2 5 , 2.26 Thym us of T.O. m ice  in fected  with 

P . b. y o e l i i . show ing ero s io n  of the 
thym ic cortex.

Day 15 of infection. H .& E . x  70P late 2.24
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weight ra tio  had in creased  to 11.11, which w as sign ifican tly  higher  

than the value record ed  on day 0 , or in a group of age matched  

con tro ls sa c r if ic e d  at the sam e tim e.

H isto lo g ica lly , over the f ir s t  8 days of in fection , the thymus 

appeared n orm al. By day 11 there w as s lig h t denudation of the 

thym ic co rtex . Betw een day 14 and day 19, pronounced destruction  

of the thym ic cortex  w as observed. T here was no ev id en ce of 

regen eration  a t th is s ta g e . With the elim ination of th e parasitaem ia  

the norm al a rch itectu re of the thym us was rapidly r e s to re d .

D. A drenals

(F ig s . 2.19c and Table 2.19)

A drenal w eights and the adrenal w eight :body weight ra tio  

showed a substantial in crea se  during the infection . On day 17 and 

27 the adrenal weight :body weight ra tio s  w ere  m ore than tw ice the 

value reco rd ed  on day 0.

H isto lo g ica lly , at day 9 , a sligh t expansion o f the adrenal 

cortex  w as ob served . T his trend continued and by day 14 th ere w as  

a m arked in c rea se  in the s iz e  of the adrenal cortex . A ll three  

com ponent zo n es of the adrenal co r tex , the zonas g lo m eru lo sa , 

fa sc icu la ta  and re ticu la r is  w ere expanded, and better defined than 

in uninfected con tro ls . The vascu lar channels in the cortex  w ere  

a lso  c lea r ly  defined in the infected m ice. A few lip id  vacuoles  

w ere p resen t. Some haem ozoin pigm ent w as seen . At day 27 

the adrenal cortex  w as s t i l l  w ell defined, but appeared le s s  active  

than at day 17.



1.3 F lu o rescen t antibody lev e ls

(T able 2.20)

F lu o rescen t antibody determ inations w ere  carried  out on 

pooled serum  sam p les obtained on day 0, 5 and 14 of infection. The 

r e s u lts  are su m m arised  in Table 2.20. No IgG^ w as detected; low  

t itr e s  of IgGg w ere p resent on day 14. IgM w as p resen t at a titre  

of 16 on day 5 and 14.

1.4 Steroid le v e ls

To determ ine whether P. b. yoelii in fectio n s caused any 

sign ificant change in plasm a corticosterone le v e ls  in T.O. m ice , 

a sep arate experim ent w as carried  out. A group of T.O. m ice
4

aged 12 w e ek s, w ere infected with 1 x 1 0  p a ra sitized  RBC. On 

day 14 of infection  when the mean percentage p arasitaem ia  w as 17%, 

plasm a sa m p les  w ere co llec ted  for plasm a co r tico stero n e  d eter­

m inations from  the infected m ice and from a group of uninfected  

co n tro ls , which had been placed under identical conditions a s  the 

in fected  group during the experim ent. Body w eigh ts of th ese m ice  

w ere  record ed ; they w ere then killed by cerv ica l d islocation  and 

organ w eigh ts of the adrenals, thymus, sp leen  and axillary lymph 

nodes w ere obtained. The tissu es  were p ro ce ssed  for h isto logy .

The r e su lts  of th is experim ent are su m m arised  in Table 

2 .21 . The p lasm a corticosteron e lev e ls  and organ weights of 

individual m ice  and mean values + 1 S.E. of the groups a re  shown to 

indicate the lim ited  amount of intra-group varia tion  found in th ese  

exp erim en ts with T.O. m ice. The resp on ses of inbred CBA m ice
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w ere  found to be even  m ore uniform , and the sam pling of a lim ited  

num ber of m ice for organ weight determ inations w as probably 

ju stified .

The p lasm a corticosteron e le v e ls  of the in fected  group  

w ere  sign ificantly  in creased  (p < 0 .001). Adrenal w eight :body 

w eight ra t io s  in the infected group w ere 8.9 com pared to 5.2 in the 

co n tr o ls . Thymus weight :body weight ra tio s  w ere sign ifican tly  

redu ced  in the infected  group -  3 .2 1 , com pared to 8 .85  in the controls  

(P < 0 .0 5 ) .

2 . THE RESPONSE OF T.O. MICE TO P .B .B E R G H E !

2.1  P a ra sita em ia s  

(F ig . 2 .20  and Table 2.22)
4

After the inoculation of 1 x 1 0  P . b. b ergh ei p a ra sitized  

RBC p a ra site s  w ere detected  in the peripheral blood by day 2. 

B etw een  day 2 and day 5 the parasitaem ia  showed a logarith m ic  

in c r e a s e , and by day 7 of infection 17.45% of the RBC w ere  

p a ra sitized . The infection  proved fatal in a ll  m ice  between day 8 

and day 10. The mean percentage p arasitaem ia  record ed  on day 

8 w as 22 .64 . The term inal p arasitaem ias ranged betw een 20% and 

40%.

2 .2  H aem atology  

(T able 2.23)

Total and D ifferentia l N ucleated C e ll Counts

The re stin g  (day 0) leukocyte lev e ls  in outbred T.O. m ice



F i g .  2 . 2 0 Mean percentage parasitaemias in outbred T.O. mice infected with 1 x 10 P.b. berghei 

parasitized RBC.
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w ere found to be much higher than in CBA m ice . On day 6 of infection  

the total nucleated  c e ll  count w as lower than on day 0 , but during the 

term inal s ta g e s  of the infection it was ra ise d . Polymorph and 

m onocyte counts showed a substantial in crea se  by day 8 , but there  

appeared to be little  change in the lym phocyte count.

2.3 Immunopathology

H istopathologica l investigations w ere  lim ited  to a study of 

the sp leen , lymph nodes (ax illary  and m esen ter ic ), thymus and 

adrenals on day 7 of infection . Organ w eigh ts w ere recorded  on 

days 0 , 3 , 7 and 9 of infection (Table 2 .24).

A. Spleen

The sp lenom egaly observed was much le s s  than in the other 

host p a ra site  com binations investigated. On day 3 an in crea se  in 

the sp leen  w eight :body weight ratio  was ob served , but there was 

no sign ifican t in crea se  after th is.

A t day 7 the white pulp wras slightly  m ore exten sive than the 

red  pulp. In the white pulp extensive zon es of pyroninophilic c e lls  

w ere found cuffing the centra l arter io le . T his pyroninophilic ce ll  

population w a s sim ila r  to that seen  previously  in other infected  

sp leen s. Som e germ inal centre developm ent was observed  but these  

stru ctu res did not appear very active . The red pulp showed haem ato­

poietic a c tiv ity  and contained many haem ozoin containing m acrophages. 

Some pyroninophilic c e lls  including plasm a c e lls  w ere seen  in the 

red  pulp; many large m egakaryocyte like c e lls  w ere a lso  observed.
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B. Lymph Nodes

A xillary node weights increased  during the infection. 

H istopathologically no changes w ere detected in either the axillary  

or m esen teric  nodes.

C. Thymus

Thymus weight :body weight ra tio s  declin ed  sharply from  

18.00 on day 0 , to 4.70 on day 9 . By day 7 of infection  the thymus 

showed sligh t depletion of the co r tex , but the extent of depletion was 

much le s s  than observed by day 15 of a P . b, y o e lii  infection  in the 

T.O . m ouse, or in P. b. b erghei infections in the CBA m ouse. No 

changes w ere detected in the thym ic medulla.

D. Adrenals

Adrenal weights show ed a slight in c rea se  during the infection. 

The adrenal cortex in infected m ice appeared b etter  defined than in 

uninfected controls.

2.4 F lu orescent antibody le v e ls  

(Table 2.25)

A ntiplasm odial antibodies w ere m easured  on pooled serum  

sam p les obtained on days 0, 3 and 7 of in fection . IgM w as detected  

at t itr e s  of 32 and 64 on days 3 and 7 , re sp e c tiv e ly . No IgGj or 

IgG2  was detected.

r < ill i B l * i , i » i' i j 1 ; • , »a i « i f  • «$«*•* ■!»
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DISCUSSION

The exp erim en ts d escr ib ed  in th is chapter show that both 

P. b . y o e lii and P . b. berghei in fections in the m ouse provide 

ex trem ely  valuable m odel sy s te m s  for studying in vivo im m une 

m ech an ism s in experim ental m alaria . An attem pt w ill be made 

to d is c u s s  the m ost sign ificant a sp ec ts  of the interaction  between  

th e se  two p a ra site s  and their h o sts .

1. P .b . y o e lii  in the CBA m ouse, being a non-fatal in fection ,

p rov id es a p articu larly  valuable m odel for analysing  the m echanism  

of acqu ired  im m unity in m alaria . This p arasite  showed a very  

ch a ra c ter is t ic  and reproducib le infection in the CBA m ouse lasting  

1 5 -1 6  days, a fter which the anim al was im m une to re -in fec tio n . It 

had been cla im ed  that the immunity developed in P . b. y o e lii  infections  

in th e  m ouse w a s s te r i le ,  ije. immunity w as m aintained in the absence  

of p ers is tin g  antigen (B arker, 1971). The dem onstration o f para­

s i t e s  in the kidneys of CBA m ice 4 w eeks after the r e g r e ss io n  of the 

blood  p arasitaem ia , at a tim e when p a ra sites  could not be detected  

in any other t is su e  exam ined, brings into question the c la im  of Barker. 

The p rec ise  m echanism  by which the p a ra sites  p e r s is t  in th e immune 

h o st and the b io lo g ica l sign ifican ce of such p ers is ten ce  a re uncertain .

It i s  p ossib le  that the kidney a cts  as an im m unologically p riv ileged  

s ite  in which th ese  organ ism s are sh eltered  from  the "primed" 

im m une sy stem . The observation  o i Viens^et a l. (1973) who found 

that T. m uscu li a lso  p ers is ted  in the kidneys of m ice for up to one

y ea r  after infection  would be com patible with such an interpretation .



The p ers is te n c e  of these org a n ism s could a lso  be of 

im portance in th e maintenance of im m unity by the recovered  h o st.

It is  p o ss ib le  that the r e le a se  of sm all am ounts of antigen from  th is  

"reservoir"  m ight be the stim ulus by w hich the im m unological 

d efences of the h o st are maintained in a prim ed condition. The 

inability to b reak  this immunity with anti-thym ocyte serum  (ATS) 

desp ite the su scep tib ility  of the prim ary resp o n se  to such treatm ent, 

su g g ests  that the c e lls  involved in m aintaining immunity are non  

rec ircu la tin g  c e l l s  which escape the e f fe c ts  of ATS, or that th ere  

i s  constant production of such c e lls  due to  the effec ts  of the 

p ersis ten t antigen on a precursor c e ll ,  a s  a resu lt of which th is  

population cannot effectively  be depleted b y  ATS treatm ent.

The o ccu rren ce  of a s ter ile  im m unity has been rep orted  in 

other h o st p a ra site  com binations as w e ll, e.g. P . b. berghei in the  

rat (C orrad etti, 1963) and P. cyncm olgi b a stia n e lli in the rh esu s  

monkey (cited  by Cohen, 1974). In view  of the p resent findings it  

would seem  opportune to re-exam in e the nature of the immunity 

developed in th ese  situations.

2. The im m une respon se to P . d . y o e l i i  was shown to be thym us

dependent. W hile intact m ice controlled  and cleared  the in fection  

e ffec tiv e ly , in fection s w ere fulminant and fatal in a ll T c e ll deprived  

m ice and in 70% of the ATS treated m ice . The r e su lts  of the T c e ll  

deprivation exp erim en ts are probably the c lea rest dem onstration  of 

com plete T c e l l  dependence in a m alaria l infection. The lim ited  

d egree of thym ic dependence dem onstrated  previously using
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P .  b. b ergh ei in fection s in  neonatally thym ectom ized ra ts  (Brown, 

A lliso n  and T ay lor, 1968; S tecsch u lte , 1969) could in part b e due 

to  the incom plete e ffe c ts  of thym ectom y in this s p e c ie s  (O gilvie and 

J o n e s , 1973),

The h is to lo g ic a l and sero lo g ica l stu d ies ca rr ied  out on 

n o rm a l and deprived  m ic e  infected with P . b. y o e lii w ere  strongly  

su g g estiv e  of a thym us dependent hum oral antibody re sp o n se  being  

o f  key im portance in the immune resp o n se  to the p a ra site . While 

th e  norm al CBA m ouse showed a vigorous and su sta ined  germ inal 

ce n tr e  re sp o n se  in the sp leen , and produced high le v e ls  of IgG^,

IgGg and IgM an tib od ies, in the deprived m ouse the germ in a l centre  

r e sp o n se  w as se v e r e ly  im paired  and the production of IgG^ type 

an tib od ies w as a lm o st com pletely  abolished . The le v e ls  of IgG£ 

and  IgM w ere a lso  low er than in norm al m ice , but th eir  production  

w a s  affected  to a much le s s e r  extent than IgG^. Such a d ifferentia l 

e f fe c t  of T c e l l  d eprivation  on Ig c la s s e s  has been reported  with 

o th er  antigens and the d eg ree  of inhibition of antibody sy n th esis  in 

T  c e ll  deprived  m ice  is  attributed,in  part, to the nature of the antigen 

u se d  (M iller and M itch e ll, 1969).

A c lo s e  re la tio n sh ip  is  now thought to e x is t  betw een thymic 

in flu en ce , g erm in a l ce n tre  form ation and 7S antibody production.

D e  Sousa et a l .  (1969) and M itchell e t al. (1972) showed that the 

con gen ita lly  athym ic nude m ouse lacked germ inal ce n tres  thus 

ind icatin g  that the thym us played an im portant part in germ inal 

c e n tre  developm ent. M ore recen tly , Jacobson and Thorbecke (1973)
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found that nude m ice challenged  with B rucella  abortus produced low  

t itr es  of 7S antibody and lacked  germ inal centres but w hen  these  

m ice w ere injected with thym us ce lls  they showed a good 7S resp o n se  

and germ inal cen tres  developed in the spleen and lymph nodes. 

G erm inal cen tres are a lso  thought to be important in the developm ent 

of im m unological m em ory (T horbecke, 1969) p articu larly  of the IgG 

c la s s  (Jacobson and T horbecke, 1968) and in the m ouse th e germ inal 

centre resp on se h as been linked in particular to the production of 

IgGj (A sofsky , cited  by Jacobson et a l .,  1974). The se n s it iv ity  of 

IgGj antibody production to thym ic influence has p rev io u sly  been  

dem onstrated  by Taylor and W ortis (1968) and T orrig ian i (1972) 

who found that IgG^ lev e ls  w ere  markedly depressed  in th ym ectom ized  

m ice . L uzzati and Jacobson (1972), Bloem m en and E y ssen (1 9 7 3 ), 

P ritchard  et a l. (1973) have reported  sim ilar findings in the con­

genitally  athym ic nude m ou se.

Further evidence for the occurrence of a c lo se  re la tion sh ip  

between T ce ll com petence, germ inal centre activity and the 

developm ent of a p rotective resp on se  in P . b. yoe lii in fectio n s was 

obtained by reconstitu ting  T c e ll  deprived m ice with th ym u s grafts 

to d ifferent d eg rees of T c e ll  com petence; the degree o f protective  

immunity and the germ inal cen tre respon se elic ited  in th e s e  m ice  

correla ted  c lo se ly  with the extent of reconstitution a ch iev ed  by the 

im plantation of syngeneic thym us grafts. P rec ise ly  how  T c e lls  

influence the form ation of germ inal cen tres is  not c le a r , but th ese  

stru ctu res, which are m ainly of bone marrow origin , h a v e  been shown
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to contain a fe w  T c e lls  by Guttman and W eissm aan  (1972). The 

p ossib ility  th a t a hum oral factor (thymus horm one) m ight be  

involved has n o t been excluded.

3. U n lik e  P. b. y o e l i i , P . b. b erghei induced a p ro g ress iv e

infection w h ich  k illed  norm al CBA m ice w ithin  25 d ays. Compared  

to P . b. y o e l i i  infections it  provoked a w eak germ inal cen tre re sp o n se , 

and lower l e v e l s  of antibody particu larly  o f the IgGj c la s s  w ere  

produced. It was shown (in exp erim en ts d escr ib ed  in the next 

chapter) that P .  b. b ergh ei induced le s s  r e a c tiv ity  in the T c e ll  pool 

than P. b. y o e l i i  and the reduced  germ inal cen tre activ ity  and antibody 

production o b serv ed  w ere  probably due to th is  d im inished reactiv ity  

in the T c e ll  p o o l. The m ethods by which the p arasite  m ight have 

influenced th e T ce ll pool are d iscu ssed  together with the re levan t  

exp erim en ts in  Chapter 3.

H o w ev er , the apparently inadequate hum oral resp o n se  to  

P. b. b ergh ei m ight not be due so le ly  to the production of le s s  

an tip lasm od ia l antibody -  it m ight a lso  be due to a qualitative defect 

in the type of antibody produced. Steward and V oller (1973) reported  

that the a b ility  of Sim pson m ice infected w ith P. b. y o e li i  to produce 

antibody to Human Serum  T ransferrin  (HSF) w as unim paired in term s  

of the quantity of antibody produced but the antibody produced was of 

lower affin ity than in uninfected controls. Further, th ese  w orkers  

suggested  that individuals capable of m aking high affin ity antibodies 

m ay, when in fected  with m alaria , produce low  affinity antibodies to 

the m alaria l an tigen s a s w ell. The affin ity  of antibodies a re  known
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to be important in immune elim ination of antigen, low affinity  

antibodies being le s s  effic ien t than high affinity antibodies (A lpers 

e t a l . ,  1972). It is  conceivable that P . b. berghei infections resu lt  

not only in a quantitative d efect in antibody production, but a lso  in 

the production of antibodies of even lower affinity than in P. b. 

y o e lii which are consequently le s s  e ffec tiv e . It is  thought that high 

affinity antibodies are m ore T ce ll dependent than low affinity anti­

bodies (se e  M itchell, 1974) and the reduced  reactiv ity  in the T ce ll  

pool might not favour their production in P . b. berghei infections.

4. In addition to the reactive  changes seen  in the germ inal

cen tres , the sp leen s of infected  m ice a lso  showed marked changes 

in the p eriarterio lar  reg io n s of the sp leen . These areas w ere  

designated 'thymus dependent' (Parrott et a l .,  1966) but recently  

M itchell (1973) has su ggested  that they may not be entirely T ce ll  

dependent.

P . b. y o e lii and P. b. berghei infections in both CBA and 

outbred T .O . m ice  resu lted  in the production of pyroninophilic ce ll  

in filtrates in th is area. T his respon se p aralleled  the pattern of 

infection. In norm al CBA m ice infected with P. b. y o e lii it was 

m axim al a t the peak of infection after which it gradually receded  a s  

the parasitaem ia  r e g r e sse d . In P. b. berghei infections it p ro g re ssed  

with the parasitaem ia  and during the term inal stages of the infection  

m assive pyroninophilic c e ll  infiltrates w ere seen around the central 

arter io le . In P . b. y o e lii infected deprived m ice the resp on se  

developed m ore slow ly and was le s s  exten sive  in itia lly , but during

\
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the term in al s ta g es of in fection  considerab le pyroninophilia w a s  

ob served . T h erefore, th is  resp o n se  by it s e lf  showed no ob viou s  

corre la tion  with the developm ent of im munity.

The main c e ll  ty p e  which contributed to th is in filtrate w as  

a la rg e  indeterm inate, pyroninophilic c e ll. Some im m ature and  

m ature p lasm a c e lls  w e r e  a lso  seen . It i s  p o ss ib le  that som e of 

th ese  m orphologically  ind istin guish able c e ll  typ es form ed a 

functionally  h etero g en eo u s population - their functional activ ity  

varying  during an in fec t io n , and in the d ifferent host p arasite  

com binations studied. M oran et a l. (1973) ob served  a s im ila r  

pyroninophilic resp o n se  in  Balb/C  m ice in fected  with P. b. y o e li i  

and found that from  day 6  onwards, many of the c e lls  contained  

IgG. They fa iled  to d e te c t  any IgM containing c e lls  in th is a r e a ,  

and reported  that such c e l l s  w ere confined to the red  pulp. In the 

co u rse  of the p resent in vestiga tion  it  was shown that P . b. y o e li i  

tr ig g ered  off a su sta in ed  b urst of T ce ll activ ity  during the in fection . 

P . b. b erg h e i, on the o th er  hand, induced much le s s  activ ity  in the 

T c e ll  pool. It i s  lik e ly  th erefo re , that th is  is  the s ite  of both T  

and non-T  c e ll  r e s p o n s e s ,  with the proportion of T to non-T  c e l l s  

varying  in d ifferent s itu a tio n s.

Other fa c to rs  m igh t a lso  have contributed to the accum ulation  

of th ese c e lls  in large n um bers in the p er iarter io lar  reg io n s , and  

for the paucity of sm a ll lym phocytes in th ese  a rea s  during an 

infection . M itchell (1973) has dem onstrated th at the ex it of c e l l s  

from  th ese reg io n s o c c u r s  through a s e r ie s  of fine channels w hich
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extend a cr o ss  the m arginal zone; she has a lso  su ggested  that 

pseudolym phatics located  in the p eriarterio lar reg ions might serv e  

a s an outlet. T h ese  channels have a definite reticu lin  fram ew ork, 

and disruption of th is  fram ework during the infection , could r e s tr ic t  

the norm al pattern of lymphocyte m ovem ent in the sp leen , and give  

r is e  to the h istopathological picture seen .

5. Both P. b . yoe lii and P. b. berghei infections w ere shown to

have sign ificant e ffe c ts  on the thymus. In gen era l, the extent to 

which the thymus w as affected  depended on the duration and sever ity  

of the infection. In m ild, se lf- lim itin g  infections (P . b . yoelii in 

the CBA m ouse), although decreased  thymus weights w ere  recorded , 

h isto log ica lly  no changes w ere observed. In acute in fections such  

a s  P . b. yo e lii in th e T.O. m ouse and P. b. berghei in the CBA m ouse, 

the e ffec ts  w ere m o re  pronounced, and con sisted  m ainly of depletion  

of the thym ic co r tex . T hese infections w ere a lso  shown to cause  

significantly  in crea sed  stero id  lev e ls  and adrenal a ctiv ity . In 

P . b. y o e lii in fection s in the CBA m ouse the r is e  in p lasm a co r tico ­

steron e was tem porary , and hence appeared to have re la tiv e ly  little  

effect on the thym us. In acute infections the increased  stero id  lev e ls  

w ere probably m aintained over longer periods of tim e due to the 

sev er ity  and tim e course of th ese in fection s, and was lik e ly  to have 

been the main fa c to r  respon sib le for the changes seen  in the thym us. 

The lym pholytic e f fe c ts  of stero id s are  now w ell estab lished; c e lls  

of the thymic co r tex  have been shown to be m ost se n s it iv e  to the 

action of stero id s (W arner, 1964; B lom gren and A nderson, 1969;
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Cohen and C lam an, 1971). T hese c e l l s  have been designated  

co r tiso n e  sen s itiv e  in contrast to the cortison e r e s is ta n t m edullary  

lym p hocytes.

The d eleteriou s effec ts  of th e s e  in fection s on the thymus 

a re  probably an im portant factor in th e  n o n -sp ec ific  im m unodépression  

ob served  during m alaria l in fection s, the d egree of im m uno­

d ép ress io n  usually  correlating  w ell w ith  the sev e r ity  of the infection. 

A s the c e l ls  m ost affected  appear to b e  the thym ic co r tica l lym pho­

c y te s  - the so u rce  of Tj c e lls  (Cantor and A sofsk y , 1972) -  it see m s  

lik e ly  that r e sp o n ses  either d irectly  o r  ind irectly  dependent on a 

T j type c e ll  (which is  a short lived  n o n -rec ircu la tin g  ce ll) are m ost 

lik e ly  to be d ep ressed  due to the th y m ic  co r tica l depletion  found in 

acute m a la r ia l infections.

6 . C om parison of the im m u n ologica l re sp o n ses  of the CBA

m ou se with the outbred T.O. m ouse show ed that the T.O. m ouse was 

a r e la t iv e ly  poor responder; both P . b . y o e lii and P. b. b erghei 

in fection s w ere  m ore sev ere  in th is s tr a in  of m ouse. P . b . y o e lii 

in fection s which w ere m ild  and non fa ta l in the CBA m o u se , resu lted  

in a com paratively  sev e re  infection w hich  k illed  40% of T .O . m ice.

P . b. b ergh ei infections w ere fatal in  both sp e c ie s  but w h ile the mean  

su rv iva l tim e  in the CBA m ouse w as 22 days, in the T.O . m ouse it 

w as 7 .5 days. D ifferent stra in s of m ic e  appear to show d ifferent 

d eg rees  of su scep tib ility  to m alarial in fection s. P a rk es , CgH and 

Sha-Sha stra in s  of m ice show vary in g  lev e ls  of su scep tib ility  to 

P . b. y o e lii (Jayawardena, unpublished re su lts ) . S tra in -sp ec ific
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su scep tib ility  has a lso  been reported  in P . b ergh ei infections  

(W .H.O., 1968).

T hus, the immune resp o n se  to m alaria  appears to vary  

considerably  in d ifferent hosts; a s  the ability of a host to respond  

i s  la rg ely  a function of its  immunocompetent c e lls  (including T ce lls)  

there m ust be a m echanism  by which such variation  in h ost im m uno­

com pétence i s  controlled . A growing body of evidence su g g ests  

that genetic fa c to rs  determ ine such  variability  in immune 

r e sp o n s iv en ess  and h istocom patib ility  linked immune resp on se genes  

(Ir genes) are  thought to rep resen t d ifferences in the ability of high 

and low resp o n d ers to recogn ize im m unogens.

E vidence for the im portance of genetic factors in immunity 

to m alaria  is  a lso  im plied  in certa in  observations on human m alaria . 

R esista n ce  to P . vivax has been shown to be significantly higher in 

A m erican  n eg ro es than in C aucasians, independent of previous 

exposure and red  c e ll  ab norm alities (Young et a l .,  1955; C ontacos 

et a l . ,  1970). More recen tly , evidence has been obtained for a 

p o ssib le  re la tion sh ip  between re s is ta n c e  to m alaria  and the H L-A  

sy stem  (the m ajor h istocom patib ility  system  of man) (P iazza et a l ., 

1973; C eppellin i et a l . ,  1973). T hese w orkers studied H L-A  

variation  in a group of Sardinian v illa g es  som e of which had been  

m alarious until recen tly , and o th ers which had always been fr ee  of 

m alaria , and dem onstrated  a relationsh ip  between HL-A variation  

and the d istribution  of m alaria.

T here has been in creasin g  evidence for d irect re la tion sh ip s
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between p red isp osition  to d isea se  (both infectious and malignant) 

and h istocom p atib ility  linked Ir genes. For in sta n ce , a linkage  

has been estab lish ed  betw een the susceptib ility  of m ic e  to leukaem ia  

(L illy , 1973) and the H -2 system  (the major h istocom p atib ility  

sy stem  in  the m o u se). It see m s highly likely  that a  s im ila r  

re la tion sh ip  might obtain in m alaria and it would s e e m  extrem ely  

im portant to esta b lish  the p rec ise  nature of such a  re la tion sh ip  

in both the exp erim en tal and human situations.





Table 2.1
4

(deprived) mi«e inoculated with l x  10 P, b. yoelii parasitized RBC.

Mean percentage parasitaemias ±  1 S.E. in normal, sham-deprived (sham), and T -ce ll deprived

Days 3 4 6 8 1 0 1 2 13 15 16 17

Normal 0.06
± 0 . 0 1

0.53
±0.05

1.16
±0.09

1.77
± 0 . 1 1

5.15
±0.57

4.63
±1.23

2.85
±1.19

0.07
±0.06 - -

Sham 0.05
± 0 . 0 1

0.45
±0.09

1.45
± 015

2 .0 2

±0 . 2 0

5.03
±0.75

3.46
±0.77

4.01
±1.55

1.96
±0.23

0.05
± 0 . 0 2

-

Deprived 0.33
±0.04

0.63
±0.07

1.29
± 0 . 1 1

1.85
±0.14

1.82
±0.13

3.96
±0.13

3.99
±0.19

5.02
±0.38

9.94
±0.73 -

Days 18 20 22 24 25 27 29 30 33 34

Normal
I

- - - - - - - - - -

Sham - - - - - - - - - -

Deprived 18.57
±2.09

15.45
±1.82

28.07
±5.45

36.04
±1.79

40.00
±2.26

39.81
±6.69

40.34
±2.52

56.35
±3.75

69.89
±7.26

79.66
±6.33 187



*
Table 2.2 Mean percentage parasitaemias in rabbit anti-mouse thymocyte serum (ATS) treated normal and T -ce ll 

deprived m ice, and in normal rabbit serum (NRS) treated normal and deprived m ice. Inoculum 1x10^

P. b. yoelii parasitized RBC.

Days 3 5 8 1 1 1 2 13 14 16 18 2 1 25 27 29 31 33 35 37 39 41 46 52

Norm.
Untr. 0 . 2 0 0 . 2 0 1 . 0 0 8 . 2 0 10.90 11.80 10.70 6.80 0.07 -

Norm.
NRS - - - 0.04 0.60 1.42 2.30 4.50 6.40 8 . 0 0 3.12 0.30 -

Norm.
ATS

- - - 0.38 2 .2 0 8.70 8.50 10.80 12.40 29.60 38.50 41.40 43.20 46.00 38.50 55.70 62.20 55.50 68.00 40.00 -

Depr.
Untr. 0 . 0 1 1.59 1.90 6 . 1 0 10.05 16.90 17.00 36.80 42.20 45.10 47.00 47.00 65.40 54.30 53.60

Depr.
NRS

- - 0 . 0 2 0.60 2.80 ND 9.60 15.00 32.35 31.00 48.00 40.70 47.00 ND ND

i
Depr.
ATS - - - , 2.40 4.80 5.00 7.70 17.80 15.90 45.70 42.10 41.00 43.50 47.00 46.70 59.50 ND 48.30

* standard errors were not calculated.

L Norm. = normal; Untr. = untreated; Depr. = deprived.



Table 2.3 Mean packed cell volumes (PCV) in normal, sham and T -cell deprived mice infected with P. b. yoelii

days 0 4 6 8 1 0 13 15 16 18 2 0 2 2 24 27 29 30 33 34

N 47.10 46.94 41.00 38.25 32.00 31.48 35.19 34.03 35.64 43.17 39.00 44.59 42.50 39.85 39.97 41.03 41.86

S ,44.50 36.73 38.22 41.67 32.22 34.62 32.44 31.81 36.58 41.76 ND 38.89 44.44 ND ND ND ND

D 45.50 40.00 40.81 41.00 35.30 34.78 30.77 ND 22.41 21.74 16.86 16.91 ND 12.50 15.69 8.96 10.29

Table 2.4 Mean percentage reticulocyte levels in normal, sham and T -cell deprived mice infected with P. b. yoelii

days 0 3 4 6 8 1 0 13 15 16 18 2 0 2 2 24 25 27 29 30 33 35

N 0.17 0.18 0.16 1 .2 2 4.07 10.97 23.70 53.60 48.60 24.80 24.00 12.30 10.80 9.80 6.40 5.20 5.00 6 .0 0 2.90

S 0.30 0.37 0.44 2.63 3.60 11.85 22.60 43.63 54.12 22.45 13.46 10.83 5.87 4.50 4.00 3.62 3.70 3.70 3.10

D 0.40 0.52 0.48 1.69 4.08 5.03 14.25 12.39 11.18 20.50 30.70 42.66 41.27 33.03 ND ND 73.86 76.00 -

(ND = No Determination)



Table 2.5 Absolute numbers of nucleated cells/m m  ± 1 S.E. in the peripheral blood of normal, sham and T -cell 

deprived mice infected with P. b. yoelii
3

Table 2.5a Total nucleated cell count/mm

Day 0 3 4 6 8 1 0 13 16 18 2 0 2 2 25 27 29 33 35

Normal 5,400
±476

7,500
±405

18,500
±1 ,0 0 0

52,700
±5,294

40,825
±5,175

36,033
±1,116

55,200
±4,424

37,000
±5,150

26,550
±3,420

19,416
±3,873

16,656
±536.4

20,150
±2,627

15,450
±1,050

16,700
±3,393

16,100
±600

15,000
±925

Sham 6,600
±385

9,750
±325

13,925
±325

29,750
±1,679

39,566
±2,627

52,133
±3,678

43,366
±4,050

42,250
±2,422

21,950
±5,588

17,100
±2,250

23,400
±2,814

24,250
±6,050

16,100
±600

15,250
±4,693

2 2 , 1 0 0

±2,300
15,600
±2 ,1 0 0

Deprived 5,400
1707

14,250
1475

15,800
1500

21,150 27,700 33,253 
1803 12,696 14,088

30,750 16,800 
15,910 12,478

17,433 13,250 
1721 ±1,601

16,033 22,250 28,750 
11,134 12,050 15,943

32,400 65,600 
1400 13,317 -

Table 2.5b
3

Neutrophils/mm

Day 0 3 4 6 8 1 0 13 16 18 2 0 2 2 25 27 29 33 35

Normal 2,144
±243

5,329
1417

8,600
±429

18,112
±2,108

16,348
±1 , 0 2 0

15,080
±945

20,357
12,727

18,525
±2,039

10,448
±1,060

8,359
±695

8,631
±496.37

7,409
1800

6,756
±695

7,974
1616

8,290
1215

6,801
±1,680

Sham 3,100
±95

6,880
±312

6,581
±646

13,362
±2,369

13,162
±1,226

22,479
±1,508

13,898
±2,553

18,581
±2,280

9,462
±299

7,703
±939

10,530
1407

8,770
1285

7,840
±334

8,443
1643 ND 8,323

±1,058

Deprived 3,205
±346

8,575
±448

7,877
±726

8,199
±272

18,860
±341

20,105
±2,662

12,743
±1,296

8,910
±279

9,299
±671

8,241
±634

8,956
±720

11,894
±243

18,195
±983

18,493
±1,965

41,977
±3,340 -

S



Table 2.5c Lymphocytes/mm
3

Day 0 3 4 6 8 1 0 13 16 18 2 0 2 2 25 27 29 33 35

Normal 2,852 1,042 2,980 9,454 6,329 5,526 9,450 11,388 9,528 5,156 6 ,2 0 2 9,450 7,083 6,364 7,106 6,862
1224 ±354 ±233 ±2,529 ±367 ±425 ±1,860 ±1,163 ±1,420 ±793 ±277 ±1,585 ±1,068 ±876 ±398 ±1,680

Sham 2,900
±166

1,507
±241

2,887
±733

5,503
±1,763

9,199
±1,248

13,225
±1,525

8,600
±2,785

10,304
±1,398

9,023
±501

4,794
±336

9,594
±772

7,941
±314

6,287
±795

4,748
±1,007 ND 7,015

±2,566

1,204 1,987 2,840 3,142 3,941 6,098 3,375 3,134 4,503 2,997 2,698 7,355 5,123 4,966 14,740Deprived ±46 ±521 ±347 ±1,808 ±1,071 ±885 ±723 ±545 ±1,089 ±319 ±456 ±1,410 ±677 ± 1 , 0 0 1 ±1,252

Table 25d Monocytes/mm 3

Day 0 3 4 6 8 1 0 13 16 18 2 0 2 2 25 27 29 33 35

380 1,125 5,960 24,126 18,119 14,238 29,206 5,945 6,277 5,801 1,530 3,284 1,603 2,356 1,216 1,060
Normal ±71 ±106 ±484 ±368 ±1,340 ±2,325 ±4,635 ±1,302 ±1,224 ±1,593 ±331 ±1 , 2 2 1 ±559 ±441 ±330

Sham 489 1,330 4,153 10,126 16,705 14,852 18,978 12,941 3,457 3,281 3,346 5,451 1,928 3,040 \TT\ 325
±108 ±302 ±917 ±2,761 ±269 ±2,400 ±6,324 ±2,517 ±106 ±806 ±53.8 ±289 ±819 ±473 JNU

895 3,461 3,374 7,095 11,150 8,711 14,771 4,720 3,524 1,876 4,253 2,997 5,637 8 ,1 2 2 8,646Deprived ±115 ±319 ±834 ±2,622 ±1,023 ±2,134 ±848 ±420 ±745 ±446 ±827 ±150 :I l ,017 ±2,154 ±2,275

'O



Table 2.6 Mean spleen  weight and spleen weight/body weight 
ratio in norm al, sham and T -c e ll deprived mice 
infected with P. b. yoelii

Spleen weights (gms)

days 0 7 14 2 1 28 35

N orm al 0.0941 0.3283 1.1850 0.3522 0.2048 0.1800

Sham 0.0957 0.3242 0.6138 0.1751 0.1146 0.2600

Deprived 0.0890 0.1700 0.4227 0.4548 0.4113 0.3650

Spleen weight/body weight x 10

N orm al 2.80 5.80 14.83 17.70 18.20 2 0 . 0 0

Sham 2 . 8 8 10.99 18.60 5.80 3.70 2.40

D eprived 2.80 9.30 35.40 10.50 5.60 5.80

Table 2.7 Mean axillary lymph node weight and lymph node
weight/body weight ratio in n orm al, sham and T -ce ll 
deprived m ice infected with P. b. y o e lii

A xillary  lymph node weights (gms)

days 0 7 14 2 1 28 35

Norm al 0.0030 0.0183 0.0152 0.0145 0.0050 0.0058

Sham 0.0026 0.0090 0.0162 0.0088 0.0048 0.0057

D eprived 0.0019 0.0024 0.0028 0.0028 0.0018 0.0009

A xillary  lymph node weight/body weight x 1 0 4

Norm al 0.90 5.19 4.56 4.44 1.37 1.44

Sham 0.80 3.02 4.99 2.63 1.58 1.40

Deprived 0.60 0.64 0.94 1 . 1 0 0.82 0.43



Table 2.8 Fluorescent antibody levels (expressed as the reciprocal of the last dilution showing a +

fluorescence in normal, sham and T-cell deprived mice infected with P. b. yoelii

Day Total Ig IgGj !gG2 IgM IgA

Norm. Sham Dep. Norm. Sham Dep. Norm. Sham Dep. Norm. Sham Dep. Norm. Sham Dep.

0 - - - - - - - - - - - - - - -

7 32 32 - - - - 32 16 - 256 256 32 - - -

14 1024 1024 16 512 128 - 2048 1024 8 128 256 32 16 8 -

2 1 1024 1024 8 128 256 8 512 512 64 256 256 32 16 16 -

28 1024 1024 16 256 256 - 1024 1024 128 256 256 128 16 8 -

35 1024 1024 32 256 512 - 512 1024 128 128 128 64 16 16 -

!
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Table 2.9 Serum immunoglobulin levels (expressed as a  percentage 

of a standard serum ) in normal and T -ce ll deprived m ice  

infected  with P . b. yoelii

Day IgG
1

IgG
2

IgM

Norm. Dep. Norm. Dep. Norm . Dep.

0 15.0 23.0 62.5 65.5 55.0 25.5

7 23.0 15.0 75.0 104.0 142.0 55.0

14 55.0 25.0 195.0 125.0 92 .5 92.5

2 1 52.5 2 1 . 0 180.0 90.0 1 2 0 . 0 62.5

28 35.0 25.0 150.0 150.0 128.0 72.5

35 27.0 28.5 141.0 95.5 55.0 25.5



Table 2.10 P lasm a corticosterone lev e ls , thymus and adrenal
w eights in normal CBA mice infected with P. b. yoelii

2 . 1 0 a Concentration of plasma corticosterone (pgs/100m l)

day 0 6 9 14 16 2 0 29

Control 9.5 12.7 13.2 7.7 9.0 1 1 6.97

Infected 9.5 1 0 . 0 16.9 14.5 19.8 16 7.8

2 . 1 0 b Thymus weight; thymus weight/body weight ratio

Thymus weight (gms)

day 0 6 9 14 16 2 0 29

Control 0.0367 0.0374 0.0317 0.0339 0.0352 0.0391 0.0315

Infected 0.0367 0.0482 0 . 0 2 2 2 0.0325 0.0305 0.0314 0.0357

4
Thymus weight/body weight x  10

Control 17.5 17.25 13.71 15.9 16.00 17.77 13.06

Infected 17.5 22.75 11.09 14.67 14.15 13.63 15.26

2.10c Adrenal weight; adrenal weight/body weight ratio  

Adrenal weight (gms)

day 0 6 9 14 16 2 0 29

Control 0.0026 ' 0.00265 0.0029 0.00262 ND 0.00230 0 . 0 0 2 2

Infected 0.0026 0.00322 0.00315 0.00330 0.00370 0.00307 0.0025

Adrenal weight/body weight x  1 0 5

Control 1 2 . 0 12.0 12.5 12.35 ND 10.4 9.2

Infected 1 2 . 0 15.1 15.0 14.8 15.4 13.1 10.7



Table 2.11 Mean percentage parasitaemia +1 S.E. in P. b. yoelii infected T cell deprived mice reconstituted with thymus

grafts 30 days before infection (group A), 15 days before infection (group B), or on the day of infection (group C).

Day 4 5 6 9 10 11 12 13 14 17 18 19 20

Reconstituted 
30 days before 
infection (Gp.A)

0.07
± 0 . 0 1

0.50
±0.40

1.37
±0.43

Reconstituted 
15 days before 
infection (Gp. B)

0.03
± 0 .0 1

0.53
±0.26

1.09
±0.49

Reconstituted 
on day of 
infection (Gp. C)

0.05
± 0 .0 2

ND 0.94
±0.36

2.14 3.40 6.52 5.67 2.54
±0.45 ±0.84 ±2.53 ±1.97 ±0.90

1 . 0 1 1.83 2.32 1.82 4.50
±0.34 ±0.41 ±0.57 ±0.51 ±0.83

2.59 3.60 3.74 3.50 7.66
±0.60 ±0.62 ±0.82 ±0.63 ± 2 .0 1

18.17 3.53 1.97 1.35 0.49
±4.48 ± 1 . 2 1 ±0.85 ±1.13 ±0.48

6.39 4.58 4.28 10.16 9.42
±1.59 ±1.15 ± 1 . 6 8 ±5.71 ±6.50

14.42 8.23 8.34 23.68 16.37
±2.61 ± 0 .8 8 ±1.47 ±4.54 ±5.01

Day 2 1 23 25 26 29

Reconstituted 
30 days before 
infection (Gp. A)

0 .2 0

± 0 .2 0
-

Reconstituted 
15 days before 
infection (Gp. B)

4.58
±3.80 ND 0.71

± 0 .2 1
-

Reconstituted 
on day of 
infection (Gp. C)

11.42
±4.70

12.97
±4.8

ND 4.30
±1.32

o
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Table 2.13 Mean packed c e ll  volume (PCV) ±  1 S.E. in norm al 

CBA m ice infected with P. b. berghei

Day 0 2 6 13 16 2 2

Packed
c e ll 48.16 43.75 39.09 24.58 18.16 11.08
volum e 
±  1 S.E. ± 1 .9 3 ± 2 .27 ±3.41 ± 1 .78 ± 3 .2 8 ± 0 .32

Hi ' i ' i r1. . ì tì tj i ì ì w



Table 2.14 Absolute numbers of nucleated cells per mm ±  1 S.E. (total nucleated cell count, neutrophils,

lymphocytes and monocytes) in normal CBA mice infected with P. b. berghei

Day 0 1 6 8 13 15 2 0 2 2

Total nucleated 9,350 14,133 11,480 15,340 25,125 17,375 30,500 32,250
cell count ±1,950 ±1,215 ±1,105 ±2,493 ±3,288 ±3,171 ±4,050 ±1,850

Neutrophils 5,150 8,261 4,518 9,398 13,154 10,052 17,075 17,958
±640 ±902 ±747 ±1,530 ±1,804 ±2,700 ±1,150 ±308

Lymphocytes 3,800 5,470 5,403 3,999 9,045 6,390 9,134 11,672
± 4 6 2

coCO 
.CO 
+ 1 ± 8 2 6 ±965 ± 2 ,4 1 7 ±990 ± 2 ,7 6 3 ±92

Monocytes 400 412 288 657 2,872 928 2,480 2,632
±62 ±78 ±63 ±137 ±483 ±146 ±680 ±1,654
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Table 2.15 Organ weights (spleen, axillary lymph nodes, thymus 

and adrenals), and organ weight/body weight ra tio s in 

norm al CBA m ice infected with P. b. berghei

Day 0 5 9 15 18

Spleen weight 0 . 1 0 2 0 0.1553 0.4318 0.6596 0.6958

Spleen w eight/ 
body w eight x 1 0 ^ 3.00 4.58 13.70 23.50 24.40

Axillary lymph 
node weight 0.0032 0.0167 0.0141 0.0159 0.0129

Lymph node wt/ 
body w eight x 1 0 ^ 0.96 4.19 4.50 6.24 4.52

Thymus weight 0.0272 0.0194 0.0070 0.0092 0.0045

Thymus w eight/ 
body weight x 1 0 ^ 8 . 0 0 5.67 3.40 3.17 1.58

Adrenal weight 0.0025 0.0027 0.0041 0.0033 0.0047

Adrenal w eight/ 
body weight x 1 0  ̂ 7.10 8.40 13.00 12.90 16.40



Table 2.16 F luorescent antibody levels (expressed a s  the reciprocal 
of the last dilution showing a + fluorescence) in normal 
CBA m ice infected with P. b. berghei

201

Day Total Ig IgGj IgG2 IgM IgA

0 - - - - -

5 - - - 32 -

9 32 16 32 128 -

15 32 32 64 256 -

18 64 128 128 64 -

24 64 128 256 64 -

Table 2.17 Serum immunoglobulin levels (expressed  a s  a percentage 
of a standard serum) in normal CBA m ice  infected with 

P. b. berghei

Day IgG1 IgG2 IgM

0 9.00 45.00 25.50

5 19.00 55.00 77.00

9 2 0 . 0 0 88.50 70.00

15 ^31.00 140.00 77.00

18 54.00 152.50 90.00

24 70.00 156.50 55.00

n i r ' ] : ! n « o
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Table 2.19 Organ w eights, and organ weight/body weight ratios  
in outbred T.O. mice infected with P. b. yoelii

Day 0 5 1 0 17 27 59

Spleen weight 0.2506 0.7730 1.846 1.1894 0.9888 0.5101

Spleen weight/ 
body weight x 103 5.80 18.81 42.46 36.69 29.39 11.69

Axillary lymph 
node weight 0.0166 0.0187 0.0150 0.0144 0.0136 0.0150

A xillary LN wt/ 
body weight x 1 0 ^ 3.83 4.49 3.51 4.41 3.88 3.36

Thymus weight 0.0278 0.0227 0.0209 0.0044 0.0106 0.049

Thymus weight/ 
body weight x 1 0 ^ 6.40 5.44 4.80 1.37 3.06 1 1 . 1 1

Adrenal weight 0.0017 0.0027 0.0016 0.0040 0.0041 0.00357

Adrenal weight/ 
body weight x 1 0  5 4.00 6.50 3.80 9.10 9.50 7.90

Table 2.20 F lu orescent antibody lev e ls  in T.O. mice infected with

P. b. y o elii

Day Total Ig IgGj IgG2 IgM IgA

5 - - 16 -

14 16 . - 16 16 -
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»¡I * i r h  1 r:i; \ 1 1 ?: ; :
I I  1  e > i  • i  )  I  I



Table 2.21 Plasmacorticosterone levels, organ weights and organ/body weight ratios in uninfected and P. b. yoelii 

infected (day 15) T.O. mice

Uninfected controls

Plasma 
corticosterone 
levels in 
^ugms/ 1 0 0  ml

Adrenal
weight

Adrenal wt/ 
body wt. x 105

Thymus
weight

Thymus wt/ 
body wt. x 1 0 4

Spleen wt/ 
body wt. x 1 0 ^

Axillary LN ud/ 
body wt. x 1 0 4

1 8.80 0 . 0 0 2 1 4.9 0.0401 9.43 5.80 3.20

2 13.20 0.0016 4.0 0.0304 8.80 4.35 3.30

3 9.50 0.0025 6 .8 0.0304 8.32 3.87 2.60

4 12.50 0.0019 5.0 0.0360 8.87 5.00 2.90

Mean 1 1 . 0 0 0 .0 0 2 0 5.2 0.0352 8.85 4.67 3.03
± 1  S.E. ±1.70 ±0.00026 ±0.825 ±0.00280 ±0.321 ±0.580 ±0.218

P. b. yoelii infected

1 20.40 0.0031 7.8 0.0156 3.94 43.18 3.18

2 26.20 0.0035 10.9 0.0109 3.40 41.45 3.34

3 11.40 0.0028 9.1 0.0058 1.90 42.50 3.10

4 26.40 0.0030 7.8 0.0137 3.60 38.85 4.89
5 24.30 0.0031 8 .8 0.108 3.10 40.40 3.50

Mean 21.74 0.0031 8.9 0.0115 3.21 41.49 3.62
± 1  S.E. ±3.519 ± 0 .0 0 0 1 ±0.7337 ±0 .0 0 2 1 ±0.450 ±0.950 ±0.33





Table 2.23 Absolute numbers of nucleated c e lls  per mrn

±  1 S.E. in T.O. m ice infected with P, b. berghei

o

Day 0 6 8

Total nucleated  
c e ll  count

14,440
+2,525

13,266
±2,143

19,500
+5,892

Neutrophils 5,833
±1,251

3,715  
+ 231

9,441
±4,173

Lymphocytes 8,496
±984

10,170
±2,949

9,152
± 1 , 1 2 0

Monocytes 1 1 0
±48

645
±129

829
±108
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Table 2.24 Organ w eights, and organ weight/body weight ra tio s  
in T.O. m ice infected with P. b. berghei

Day 0 3 7 9

Spleen weight 0.1905 0.2523 0.3201 0.2524

Spleen w eight/ 
body wt. x 1 0 ^ 6.35 8.42 11.63 9.33

A xillary lymph 
node weight 0.0080 0.00835 0.0095 0.0107

A xillary LN w t/ 
body wt. x lO 4

2 . 6 6 2.76 3.45 4.10

Thymus weight 0.0540 0.0525 0.0206 0.0124

Thymus w eight/ 
body wt. x 1 0 4

18.00 17.39 7.50 4.70

Adrenal weight 0.0036 0.00385 0.00372 0.0040

Adrenal w eight/ 
body wt. x 1 0 ^ 1 2 . 0 0 12.7 13.5 13.8

Table 2.25 F lu orescent antibody lev e ls  in T.O. mice infected  
with P. b. berghei

Day Total Ig IgGj IgG2 IgM IgA

3 - - - 32 -

7 8 - - 64 -
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CHAPTER 3

THE MITOTIC RESPONSE OF THYMUS DERIVED CELLS
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INTRODUCTION

The ability of the CBA mouse to mount an effective immuno­

logical response against the murine m alarial parasite P .b . yoelii 

was shown to be thymus dependent. Intact CBA mice were able to 

control the infection effectively, but "deprived" mice lacked the 

ability to lim it the infection. It was a lso  established that unlike 

P. b. y o e lii , P. b. berghei infections alw ays proved fatal in intact 

CBA m ice within 20 to 25 days. The experim ents reported in this 

section  were carried  out to define further the T ce ll response in 

non-fatal P. b. y o e lii infections, and to compare it with the response  

in fatal P. b, berghei infections.

Use was made in this study of CBA/Lac -> CBA/H.T6 T6 

mouse radiation ch im aeras, bearing a chrom osom ally distinguishable 

population of T c e lls .  Using sim ilar analytical methods, Davies 

et al. (1966, 1969a & b, 1970) defined the responses of reconstituted  

CBA m ice to antigens such as sheep red blood c e lls , Oxazolone, 

Salmonella flagellar antigen and Pneumococcal polysaccharide.

More recently W eston et al. (1972) used the same approach to 

exam ine the immune response to allogenic skin and the EL4 lymphoma.

MATERIALS AND METHODS

1. A NOTE ON MOUSE RADIATION CHIMAERAS

Syngeneic mouse radiation chim aeras lacking a thymus of 

their own but having a thymus graft implanted under the kidney

L l'> A 4 l i H i»1* 4 1 1*1!
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When a C B A /L ac (hereafter called Lac) mouse is  

thymectomized at 6  to  8  weeks of age and subsequently lethally  

irradiated and reconstitu ted  with fem oral bone marrow, the mouse 

is  effectively depleted of its  T c e l l  population. If a thymus graft, 

consisting of a s in g le  thymus lobe from a CBA neonate, is  implanted 

under the kidney cap su le of such a "deprived" mouse it can be 

restored  to a near norm al level o f immunocompetence (Leuchars 

et a l .,  1965). A gra ft consisting of two lobes achieves more 

com plete im m unological reconstitution than a single lobe (Leuchars, 

personal com m unication). If the thymus graft donor is  a 

CBA/H .T 6 T6  (hereafter referred  to as T6 T6) m ouse, then the 

population of lym phocytes deriving from the graft can be distinguished  

by the pair of m arker chrom osom es they carry (Plate 3.1). When 

such a graft is  im planted im m ediately after irradiation, 30 days 

later 90% of the PHA responsive population in the peripheral blood 

carry the marker ch rom osom es. Subsequently a substantial number 

of host Lac ce lls  a re  processed  by the thymus graft and enter the 

peripheral circulation  (Doenhoff and Davies, 1971). T hese ce lls  

which are thought to derive from  the bone marrow are of Lac geno­

type but phenotypically are T c e lls .  If the graft is  allowed to rem ain  

in situ for 100 days, the PHA responsive population is  found to con sist 

of Lac and T6 T6  c e l l s  in an approximately 50 : 50 ratiojD oenhoff and

capsule provide u sefu l veh icles for studying the actions and inter­

actions of thymus p ro cessed  (T) and non thymus p rocessed  (B)

lymphocyte populations (Davies, 1969c).

I I ! V\-i I 1 V i H : * * ' 11*4
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When a CBA/Lac (hereafter called Lac) m ouse is  

thym ectom ized at 6 to 8  weeks of age and subsequently lethally 

irradiated and reconstituted with fem oral bone m arrow, the mouse 

is  effectively depleted of its  T ce ll population. If a thymus graft, 

consisting of a single thymus lobe from  a CBA neonate, is implanted 

under the kidney capsule of such a "deprived" m ouse it can be 

restored  to a near norm al level of immunocompetence (Leuchars 

et a l., 1965). A graft consisting of two lobes ach ieves more 

com plete immunological reconstitution than a single lobe (Leuchars, 

personal com munication). If the thymus graft donor is  a 

CBA/H.T 6 T6  (hereafter referred to a s T6 T6) m ouse, then the 

population of lymphocytes deriving from  the graft can be distinguished 

by the pair of marker chrom osom es they carry (P la te  3.1). When 

such a graft is  implanted immediately after irradiation , 30 days 

later 90% of the PHA responsive population in the peripheral blood 

carry the marker chrom osom es. Subsequently a substantial number 

of host Lac c e lls  are processed  by the thymus graft and enter the 

peripheral circulation (Doenhoff and D avies, 1971). These ce lls  

which are thought to derive from the bone marrow a re  of Lac geno­

type but phenotypically are T ce lls . If the graft is  allowed to remain  

in situ for 100 days, the PHA responsive population is  found to consist

capsule provide useful veh icles for studying the actions and inter­

actions of thymus processed  (T) and non thymus processed  (B)

lymphocyte populations (Davies, 1969c).

of Lac and T6 T 6 ce lls  in an approximately 50 : 50 ra tio  (Doenhoff and
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Plate 3 .1  Chromosome sp read s from CBA/Lac and CBA/H.T6T6
m ice. CBA/H.T6T6 m ice show a distinctive pair of
marker chrom osom es.

A



D avies, 1971). To prevent such dilution of the T ce ll pool the 

thymus grafts are removed 30 days after implantation. This 

procedure stab ilizes the T ce ll pool and prevents its dilution by 

Lac c e lls  (Doenhoff et a l., 1970).

2. PREPARATION OF CBA/LAC — CBA/H.T6 T6 MOUSE 
RADIATION CHIMAERAS

(Fig. 3.1)

A ll mice used in these experiments w ere obtained from

the Chester Beatty Research Institute, London. Male CBA/Lac

m ice w ere thym ectom ized at 7 weeks of age. Thymectomy was

carried out according to the method described previously. 1 0  days

later the m ice  were X-irradiated with 850rads from a Marconi

Irradiation Unit. Within 4 hours of irradiation they were recon -
0

stituted with an I.V. injection of 5x  10 fem oral bone marrow ce lls  

from Lac donors. 20 hours later the mice w ere grafted with two 

thymus lob es from T6 T6  neonates. All thymus grafts were placed 

under the le ft  kidney capsule. Thymus graft implantation was 

performed a s  described earlier. 30 days after grafting, the thymus 

grafts w ere removed. 2 0  days after graft rem oval the m ice were 

ready for infection.

3. REMOVAL OF THYMUS GRAFTS 

(Plates 3 .2a and 3.2b)

M ice were anaesthetised with ether, and anaesthesia was 

maintained with Penthrane inhalation anaesthetic. Autoclips were 

rem oved with an Autoclip remover (Clay-Adams Inc., U .S.A .). The
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left flank was sh aved , swabbed with 70% alcohol, incisions were 

made in the skin and body wall and the left kidney w as exteriorized  

as for thymus grafting. The kidney capsule was ra ised  with 

watchmaker fo rcep s and an incision was made in the capsule above 

the thymus graft. With fine forceps the graft was peeled off the 

surface of the kidney. The kidney was pushed back into the p eri­

toneal cavity and th e  incisions in the body wall and skin were closed  

with Autoclips.

4. INFECTION OF MICE
5

M ice w ere infected with l x  10 P. b. yoe lii or P. b. berghei 

parasitized erythrocytes from infected donors. Parasitaem ias  

were monitored in the usual manner.

5. CYTOLOGICAL TECHNIQUE

5.1 Colchicine pretreatm ent

M ice w ere injected I.P . with 0.3 ml of a stock  solution of 

Colchicine at v ariou s intervals of tim e after infection. The stock  

solution was prepared by dissolving 10 mg Colchicine (Koch Light 

L aboratories, U.K.) in 25m l of normal saline and w as stored at 

-70°C . The alkaloid  Colchicine (prepared from the Autumn crocus) 

inhibits spindle form ation and hence a rrests  cell division at m eta­

phase.

5.2 Preparation of c e ll  suspensions

1 to l |  h ou rs after treatment with Colchicine the mice were 

killed by cervica l d islocation , the sp leens removed and placed in
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left flank was shaved, swabbed with 70% alcohol, incisions were 

made in the skin and body wall and the left kidney was exteriorized  

as for thymus grafting. The kidney capsule w as raised  with 

watchmaker forceps and an incision was made in the capsule above 

the thymus graft. With fine forceps the graft was peeled off the 

surface of the kidney. The kidney was pushed back into the p eri­

toneal cavity and the incisions in the body wall and skin were closed  

with Autoclips.

4. INFECTION OF MICE
5

M ice were infected with 1 x  10 P. b. y o e lii or P . b. berghei 

parasitized  erythrocytes from infected donors. Parasitaem ias  

were monitored in the usual manner.

5. CYTOLOGICAL TECHNIQUE

5.1 Colchicine pretreatment

M ice were injected I.P . with 0.3 ml of a stock solution of 

Colchicine at various intervals of tim e after infection. The stock  

solution w as prepared by dissolving 10 mg Colchicine (Koch Light 

L aboratories, U.K.) in 25 ml ofm orm al saline and was stored at 

-70°C . The alkaloid Colchicine (prepared from  the Autumn crocus) 

inhibits spindle formation and hence arrests c e ll  division at m eta­

phase.

5.2 Preparation of ce ll suspensions

1 to 12 hours after treatm ent with Colchicine the m ice were 

killed by cerv ica l dislocation, the sp leens rem oved and placed in
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chilled T .C .199 medium (W ellcom e). The sp leens were cut into 

sm all fragm ents, passed through fine sta in less s tee l s iev es , and 

the ce ll suspension in 199 medium was transferred into sm all 

disposable polystyrene tu b es. Each tube contained 1.5 to 2.0 ml 

of c e ll suspension at a concentration of 2 to lOx 10 ce lls /m l. A ll 

further p rocessing was ca rr ied  out in these tubes.

5.3 Hypotonic treatment

The spleen ce ll suspension  was centrifuged at 45g for 

7 m in, the supernatant decanted and the ce lls  resuspended in 2 . 0  

to 2.5 ml of fresh  1% T risodium  Citrate solution. After 15 to 30 

min the c e lls  w ere spun o n ce  m ore at 45g for 7 min.

5.4 Fixation

After hypotonic treatm ent, the citrate solution was decanted  

and a few drops of the fix a tiv e  - a 3 :1 solution of ethanol and acetic  

acid -  were added, thus fix in g  the p e lle t of c e lls . After 2 to 3 min 

the fixative was rem oved, th e  tube flicked and the c e lls  resuspended. 

The tube was now filled with fresh fixative, agitated gently, and le ft  

for 5 to 10 min. The c e lls  w ere then spun down (45g x 7 min), 

resuspended in fresh  fixative and placed in a refrigerator at 4°C 

for 1 to 5 hours.

5.5 Chromosome spreading

The ce ll suspension was rem oved from the refrigerator, 

spun at 45g x 7 min, the supernatant was decanted com pletely and 

fresh fixative consisting of a  3 :1 solution of methanol and acetic acid



One drop of the ce ll suspension was placed on a clean  

slide. (Slides were cleaned in a solution of 1% HC1 in methyl 

alcohol). The drop was allowed to spread, and when Newton's 

rings becam e v isib le  the e x c e s s  fixative was blown off. A 100 watt 

lamp may be used at this stage to hasten evaporation of the fixative . 

Slides were allowed to dry and were then ready for staining.

5.6 Staining

Slides were stained according to the following procedure.

1. 10 min in 2% Orcein in 60% propionic acid.

2. 30 sec  in methyl alcohol.

3. 30 sec  in methyl alcohol.

4. 30 sec  in absolute a lco h o l: Euparal essen ce .

5. 30 sec  in Euparal essen ce.

6 . Mount in Euparal vert.

5.7 Estim ation of mitotic ind ices

Slides from  each sp leen  were coded and exam ined on a 

Wild M-20 m icroscope. A minimum of 50 dividing c e lls  were 

scored from each spleen , distinction being made between  

CBA/H .T 6 T6  c e lls  derived from  the thymus graft, and CB A /L ac  

c e lls  derived from the bone m arrow. The percentage of dividing 

T 6 T6 c e lls  was used as an index of T ce ll activity. T otal m itotic 

activity was estim ated by counting the number of dividing to non

was added. The fixative w as added until a suitable c e ll  density

was reached.



dividing c e lls  and exp ressin g  it as a percentage.

6 . HISTOLOGY

A part of each spleen used for cytological analysis w as  

fixed  in Carnoy's fixative and processed  according to the h isto logica l 

m ethods described  previously. Methyl green pyronin and 

haem atoylin -eosin  stained sections were prepared, coded and 

exam ined.

RESULTS 

1 . F arasitaem ias

1.1 P. b. yo e lii

The pattern of infection in CBA/Lac — C B A /H .T 6 T6  m ouse
5

radiation chim aeras infected with 1 x 1 0  parasitized  erythrocytes 

is  shown in F ig . 3.2. P a ra sites could be detected in  the peripheral 

blood by day 2. Peak parasitaem ias were reached on day 10 at which 

stage 5 to 6 % of the erythrocytes were infected. P a ra s ite s  p ersisted  

in the peripheral blood until day 18 unlike in intact CBA m ice which 

usually clear a sim ilar inoculum in 15~to 16 days.

1.2 P . b. berghei
5

Infection of radiation chim aeras with 1 x 1 0  P. b. berghei 

parasitized  erythrocytes resu lted  in an infection essen tia lly  sim ilar  

to that seen in intact CBA m ice. Over the first 10 days the para- 

sitaem ia  was com parable to that observed in a P. b. yoe lii infection,

thereafter unlike P. b. y o e lii infections, the parasitaem ia increased
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stead ily  and proved fatal in a ll m ice by day 23 (F ig .3 .4).

2. CYTOLOGICAL ANALYSIS

2 . 1  P . b. yoelii

T c e l l  reactivity (F ig . 3.2 and Table 3.1)

In uninfected m ice 3 to 4% of the dividing c e lls  in the spleen  

w ere T ce lls . M ice infected with P. b. yoelii showed a very rapid  

in crea se  in the number of dividing T c e lls  in the sp leen . By day 4 , 

53.06% of the dividing population were those carrying the marker 

chrom osom es. At th is stage the mean percentage parasitaem ia  

was <  1%. The proportion of dividing T ce lls  rem ained at a high 

lev e l -  40 to 50% - until day 13 at which tim e 52.50% of the ce lls  in 

m ito s is  were of thym ic origin. After day 13 there w as a dramatic 

fa ll in T ce ll activity, and on days 18 and 25 of infection, when the 

p a ra site  had been elim inated from the peripheral blood, only 2  to 3 % 

of the dividing c e lls  scored  were of thymic origin.

Total m itotic activity (F ig. 3.3)

The number of dividing ce lls  in the spleen increased  

rapidly until day 9 of infection, at which tim e peak activity was 

observed . After th is there was a gradual decrease in mitotic 

a ctiv ity , but even on day 25, 1 to 2% of the c e lls  were dividing 

com pared with 0 .2 % in uninfected controls.

2.2 P . b. berghei

T c e ll reactivity (F ig . 3.4 and Table 3.2)

P. b. berghei elic ited  a relatively weak T c e ll response in



Mean percentage of thymus derived cells dividing in the spleen 

and mean percentage parasitaemias in CBA/Lac - CBA/H.T6T6 

mouse radiation chimaeras infected with P.b. yoelii .
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Mean percentage of thymus derived cells dividing in the spleen 

and mean percentage parasitaemias in CBA/Lac - CBA/H .T6T6 

mouse radiation chimaeras infected with P.b. berghei.
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Fig. 3.5 Mean percentage dividing cells in the spleens of CBA/Lac - 

CBA/H.T6T6 mouse radiation chimaeras infected with 

P.b. berghei.
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mouse radiation ch im aeras. On day 2 of infection the percentage  

of dividing T c e l l s  had increased from  3.45% in the uninfected  

controls to 13.51% in the infected group. Over the next 7 days 

there was little  change in the proportion of T c e lls  in m ito sis .

Peak activity (14.63%) was recorded on day 9, at which stage the 

percentage p arasitaem ia was 4%. After day 9 T c e ll  m itotic  

activity fe ll off rap idly and rem ained at very low le v e ls  < 3%, 

despite the continuously increasing antigenic burden.

Total mitotic activ ity  (Fig. 3.5)

The total m itotic activity in the spleen increased  steadily  

over the fir s t  16 days of infection at which stage peak activ ity  was 

recorded. After th is activity declined.

3. HIS TO PATHOLOGY OF THE SPLEEN

3.1 Uninfected con trols

Spleens o f uninfected radiation chim aeras showed no obvious 

differences from  th ose  of uninfected intact m ice. The p e r i-  

arteriolar reg ion s had been repopulated with lym phocytes, but in 

haem atoxylin-eosin  stained sections these areas appeared m arginally  

le s s  densely packed than in com pletely normal m ice.

3.2 P. b. yoelii

The seq u en ce of h istological changes observed in the sp leens  

of radiation ch im aeras was very sim ilar to that recorded for intact 

CBA mice previously .

Spleen s iz e  showed a gradual increase over the f ir s t  11 days



of infection. After day 11, there was a gradual decrease in the 

splenom egaly observed. The maximum spleen weight recorded  

on day 11 w as significantly le s s  than that recorded in intact CBA 

m ice at a com parable stage of infection.

White pulp

1. A few pyroninophilic ce lls  accumulated in the periarteriolar  

zones from day 4 onwards. By day 7 these c e lls  formed a 

conspicuous cuff around the central arterio le , and by day 11 the 

pyroninophilia in th is region was maximal. After day 11 this 

respon se receded  gradually, but even on day 25 som e pyronino­

philic c e lls  w ere present around the central arterio le.

2. G erm inal centres which were present at the edge of the fo llic les  

enlarged and showed increasing activity as the infection progressed. 

They contained pyroninophilic b last c e lls , m acrophages, ce ll debris 

and dividing c e lls . Maximum activity was observed on day 25, at 

which tim e the germ inal centres were very large and conspicuous. 

Although the germ inal centre response paralleled that observed in 

intact m ice, the k inetics of the response appeared to be marginally 

slow er in the radiation chim aeras.

Red pulp

Much haem atopoietic activity and pyroninophilia were evident as 

the infection progressed . After the peak of the infection activity 

in the red pulp waned gradually.

3.3 P. b. berghei

Spleen weight showed a gradual increase until day 16, after
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which no further increase was observed.

White pulp

1. By day 4 there was a rapid infiltration of the p eriarterio lar  

region with pyroninophilic c e lls .  The predominant c e ll  type was 

a pyroninophilic ’lymphoid' c e ll ,  but a few mature plasm a ce lls  

w ere also  detected. This pyroninophilia increased  rapidly and

by day 12 was quite extensive and dominated the white pulp segm ents. 

The pyroninophilic ce lls  form ed large confluent zones and 80 to 

90% of these c e lls  appeared to be indeterm inate pyroninophilic 

c e lls .  This response seem ed  m axim al on day 16 after which there 

was no significant change.

2. Germ inal centre activity w as not pronounced during the infection. 

Over the fir s t  10 days germ inal cen tres were present around the 

edges of the fo llic le s  and appeared to contain pyroninophilic 

elem en ts, but they were few in number and w ere not w ell developed. 

After day 12 the germ inal cen tres  appeared quite sm all and 

inconspicuous; they were v ery  poorly delineated and quiescent 

during the latter stages of the infection.

Red pulp

P ro g ressiv e  increase in red pulp activity could be seen  as the 

infection progressed . By day 7 it was heavily infiltrated with 

pyronin positive ce lls  and th is trend continued throughout infection. 

Much haemozoin pigment was deposited in the red  pulp.
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DISCUSSION

B efore d iscussing the significance of the experim ents 

d escrib ed , it i s  worth considering certain lim itations inherent in 

the u se  of m ouse radiation ch im aeras. These radiation chim aeras 

do not regain  a com pletely normal lev e l of immunocompétence 

com pared to unirradiated control m ice (Davies et a l . , 1969a), and 

th is is  thought to be due to a partially irreparable radiation induced 

d efect (Howard et a l., 1971). This slightly impaired immune 

reactiv ity  i s  probably reflected  in the extended period of para- 

sitaem ia  observed  in P . b. yoelii m fected radiation chim aeras.

The radiation chim aeras u sed  in the present set of 

experim ents had their thymus grafts rem oved 30 days after im planta­

tion so  as to prevent p rogressive dilution of the marked T ce ll  

population derived  from the graft by unmarked T ce lls . R ecently, 

there has been increasing evidence that adult thymectomy by itse lf  

ca u ses certain immunological and cellu lar changes (Bach et a l . ,  1971; 

Raff and Cantor, 1971; M osier and Cantor, 1971; Kerbel and 

E idinger, 1972) including the lo ss  of a short lived non-recirculating  

sub population of T ce lls  (Tj cells) found mainly in the spleen (Raff 

and Cantor, 1971). The possib ility  therefore ex ists  that thymus 

graft rem oval could have a sim ilar effect although there is  no d irect 

information available on this at present.

The experim ents reported in this chapter showed that 

P. b. yoelii provoked a rapid and sustained burst of T ce ll m ito s is ,  

which declined once the infection was brought under control.



P. b. berghei on the other hand, induced a re la tiv e ly  feeb le T ce ll 

response which w as not sustained. In fact, the response failed  

despite the increasin g  parasite burden long b efore death of the anim al 

due to the overwhelm ing parasitaem ia. H ow ever, in both P . b. y o e lii 

and P. b. berghei infections, after the decline o f T ce ll activ ity , there 

was s t i l l  considerable m itosis of the "unmarked" bone m arrow derived  

ce ll population.

The p rec ise  biological significance of T  ce ll m ito s is  is  

uncertain, but it is  thought to reflect the im m unological reactiv ity  

of the T c e ll pool. The two parasites P. b. y o e lii  and P. b. berghei 

show a fundamental d ifference in their ability to  e lic it such T cell 

m itotic activ ity . Further, while P. b. yoelii infections in the CBA 

mouse are  non fata l, - the host mounting an effective  im m unological 

response against the parasite - P . b. berghei infections are always 

fatal in the CBA m ouse within 25 days. The r e su lts  of the present 

experim ents therefore suggest that an important relationship  

possibly ex ists  between T ce ll m itosis and the pathogenesis of 

Malaria.

H istopathological examination of the sp leen s of intact CBA 

m ice and of radiation chim aeras, showed that w h ile P, b. y o e lii  

infections provoked a marked and sustained resp on se  in the germ inal 

centres, in P. b. berghei infections the germ inal centre respon se  

was re la tively  weak. On day 23, when the dominant feature of the 

P. b. y o e lii infected sp leens was the hyperactive germ inal cen tres , 

in P. b. berghei infected m ice, at a comparable tim e , the germ inal
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centres were re la tively  rudimentary in development. In fact, the 

poor germ inal centre response observed in P. b. berghei infected  

m ice was rem in iscent of the respon se seen in T ce ll deprived m ice  

infected with P , b. y o e lii .

It would thus appear that a vigorous germ inal centre  

respon se is  found only in situations where a strong protective  

respon se is  e lic ited , and it seem s likely that it is  the main site of 

production of protective antibodies. In the absence of a T cell 

population or in situations where the T ce lls  fa il to respond  

adequately, the germ inal centre response seem s to be ser iou sly  

im paired.

P re c ise ly  why these two parasites evoke such fundamentally 

different resp o n ses is  uncertain, but it is possib le that they differ 

widely in their immunogenicity. P . b. yoelii is  possibly strongly  

immunogenic and hence e lic its  a vigorous respon se, while P . b. 

berghei being le s s  immunogenic provokes a weak resp on se. In 

addition to a b asic  difference in immunogenicity, there are a number 

of other m echanism s which might underly the feeble T c e ll  response  

and its subsequent failure in P. b. berghei infections. The parasite  

could affect the T ce ll pool either via the production of immuno­

suppressive "factors" such as toxins, or exert a more d irect effect 

on T c e ll reactiv ity . It has been shown that when a m ouse is  

repeatedly injected with sheep red blood c e lls , after som e tim e the 

T ce ll respon se fa ils  due to the induction of som e form of immuno­

logical p a ra ly sis  (Gershon et a l., 1968). It is  not unlikely that the



constantly increasing parasite burden could induce a sim ila r  defect.

The considerable antigenic load could affect the integrity  

of the immune system  in other ways as w ell. Kerbel (1974) has 

recently  d iscu ssed  the possibility that the inability of the T c e ll  pool 

to respond effectively  in som e tumour bearing hosts could be due to 

the inim ical effects of antigen-antibody com plexes on the functional 

potential of T c e lls . Activated T c e lls  have been shown to bear a 

receptor for the Fc portion of immunoglobulin when the im m uno­

globulin is  com plexed to specific antigen (Yoshida and A ndersson, 

1972), and it has been suggested that inhibitory com plexes could  

exert their e ffec ts  on T c e lls  via such Fc receptors. K erbel 

further su ggests that the failure of the T ce ll mitotic resp o n se  in 

CBA m ice to an implanted allogenic tumour (Weston et a l .,  1972) 

could have been due to such a mechanism. In the parasite situation  

too it is  known that large amounts of antigen and antibody e x is t  

together with activated T c e lls , hence the possibility that the 

inhibition of T c e ll  mitotic activity observed in P. b. berghei 

infection might be due to such inhibitory com plexes cannot be 

overlooked.

It was shown previously that P. b. berghei infections resu lted  

in elevated stero id  levels and marked thymic involution. The resu lt 

of the present experim ent suggests that such changes are probably 

a consequence of the failure of the T ce ll response.



Table 3.1 C ytological analysis of the sp leens of CB A /L ac -

CBA/H .T6T6 mouse radiation chim aeras at various 

tim es after infection with P. b. yoelii

Day of 
infection

T otal no. 
of c e lls  
scored

No. of
CBA/H.T6T6

c e lls

No. of 
CBA/Lac 

ce lls

Percentage
CBA/H.T6T6

ce lls

0 174 6 168 3.45

2 162 12 150 7.40

4 196 104 92 53.06

7 240 126 114 52.50

9 168 72 96 42.85

11 180 87 93 48.33

13 240 126 114 52.50

18 196 4 192 2.17

25 168 4 164 2.38



2 3 3

Table 3.2 Cytological analysis of the spleens of CBA/Lac -

CBA/H.T6T6 mouse radiation chim aeras at various 

tim es after infection with P. b. berghei

Day of 
infection

Total no. 
of ce lls  
scored

No. of
CBA/H.T6T6

c e lls

No. of 
C BA/Lac 

ce lls

Percentage
CBA/H.T6T6

cells

0 174 6 168 3.45

2 116 16 100 13.79

4 222 30 192 13.51

7 288 40 248 13.88

9 328 48 280 14.63

12 180 2 178 1.11

16 210 6 204 2.85

23 222 3 219 1.35
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SECTION I. THE RESPONSE TO PHYTOHAEMAGGLUTININ
AND BACTERIAL LIPOPOLYSACCHARIDE IN VITRO

INTRODUCTION

M alarial infections are known to depress the host's immune 

respon se to certain other antigens (see  Chapter 1 for review).

Although such depression has been demonstrated in a number of 

experim ental situations, the mechanism by v/hich m alaria induces 

a state of reduced responsiveness rem ains unclear.

The ch aracteristics of the immunodépression observed  

suggest that one or more of the cell types involved in the immune 

respon se may be affected. Histopathological studies of the spleen  

(reported ea r lier ), showed that there were a number of cellu lar  

changes taking p lace, including an infiltration of the 'thymus 

dependent' areas with indeterminate pyroninophilic ce lls  and som e 

plasm a c e lls  which might have been contributory to the immuno­

dépression  observed. The present ser ie s  of experim ents was an 

attempt to define such changes in the lymphocyte population more 

p rec ise ly .

In these experim ents the functional activity of the T and B 

lymphocyte populations were assayed in v itro , by studying their 

respon siven ess to the polyclonal mitogens Phytohaemagglutinin 

(PHA) and bacterial Lipopolysaccharide (LPS). The state of the 

T ce ll pool was a lso  a ssessed  in vivo by examining the response  

to the skin sensitizing  agent Oxazolone. These experim ents are  

reported in section  H of this chapter.



PHA, under appropriate culture conditions, i s  a sp ecific  

T ce ll m itogen. That PHA preferentially stim ulates m ouse T c e lls  

was f ir s t  dem onstrated by Doenhoff (1971), who showed with the use  

of chrom osom e m arkers that virtually all blood lym phocytes 

responding to PHA w ere of thymic origin. More recen tly  there  

have been rep orts that under certain special conditions PHA can 

a lso  stim ulate B c e lls . For instance, if PHA is  not p resen t in a 

soluble form  but covalently bound to a solid  m atrix, stim ulation  of 

substantial numbers of B c e lls  has been shown to occur (G reaves 

et a l. , 1972; Andersson et a l . ,  1972). A lso mouse B  c e lls  appear 

to be stim ulated if the period of culture is  prolonged (P iguet and 

V a ssa li, 1972). Further, P h illips and Roitt (1973) c la im ed  that 

human B c e lls  w ere capable of responding directly to so lub le PHA, 

but other w orkers (G reaves et a l .,  1974) have not been able to confirm  

th is observation .

B acteria l lipopolysaccharide (LPS) on the other hand 

sp ecifica lly  stim ulates mouse B ce lls  (Gery et a l., 1972; Andersson  

e t a l . ,  1972; Peavy et a l., 1972; G reaves and Ja n o ssy , 1972; 

Doenhoff et a l .,  1974). Although the mitogenic effects of LPS on 

m ouse B c e lls  have not been extensively investigated, a s  yet, it 

seem s likely  that LPS acts only on a sub population of B  c e lls  (Gery 

e t a l . ,  1972; M elchers, personal com m unication). There is  

little  evidence that LPS stim ulates T ce lls  although P igu et and 

V assa li (1973) claim ed that a sm all number of T ce lls  respond.



MATERIALS AND METHODS

1. ANIMALS

> Male m ice of the CBA/Lac and CBA/H.T6T6 stra ins were

used  in these experim ents.

2. T  CELL DEPRIVATION

T c e ll  deprivation was carried out as described previously.

CB A /L ac m ice were thym ectom ized at 8 w eeks, subjected to

850 ra d s X-irradiation 10 days later and were reconstituted haemato- 
0

poietically  with 5x10  bone-m arrow c e lls  from Lac donors, within 

4 h ours of X -irradiation .

3. INFECTION OF MICE AND PARASITAEMIAS

The parasites used  in these experim ents were P. b. yoelii 

and P . b. b ergh ei. Infective inocula were prepared as described  

previously. Percentage parasitaem ias were estim ated from  Giemsa 

stained thin blood film s.

4. CULTURE MEDIA AND MITOGENS

M aterials required for preparing the culture medium:

i. RPMI medium 1640 (Biocult Labs.)

ii. Glutamine 200 mM (Flow Laboratories)

iii. Foetal calf serum (Flow Laboratories).

100 ml desiccated foetal calf serum  was reconstituted with 

100 ml s te r ile  d istilled  water, inactivated at 56°C for 30 min 

and stored in aliquots of 2.75 ml at -20°C.
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iv. Antibiotics

Penbritin (Penicillin) and Orbenin (Streptomycin) from  

Beecham R esearch  Laboratories.

250 mg of each antibiotic were dissolved  in the sam e 20 ml 

of s ter ile  d istilled  water and 0.5 ml volum es of this solution  

stored at -20°C.

The culture medium con sisted  of

0.40 ml Glutamine 

0 .25m l stock solution of antibiotics 

2.75m l reconstituted foetal calf serum  

and was made up to 25 ml with RPM I1640.

Mitogens

a) Phytohaemagglutinin (PHA), purified (W ellcome).

2 mg were d isso lved  in 5 m l sterile  d istilled  water 

and stored a t -20°C . For use it was diluted 1 :16 

with phosphate buffered saline and 25pi were added 

to each cu lture.

b) Lipopolysaccharide from E. coli (LPS) (Difco).

LPS was d isso lved  in s te r ile  d istilled  water to give  

a concentration of 1 m g/m l and was stored frozen at 

-20°C . 2 5 pi of this stock solution was added to 

each culture.

5. PROCEDURE FOR SETTING UP CULTURES

Mice were k illed  by cervical dislocation. Their sp leens



were rem oved asep tica lly  and placed in chilled RPMI m edium . The

c e lls  w ere teased out in culture medium, washed once and resuspended

in fresh  culture medium. Nucleated ce ll counts of each c e ll

suspension prepared were carried  out on a model D Coulter Counter

(Coulter E lectron ics), after which the c e ll concentration of each
R

suspension was adjusted to 2 x 1 0  c e lls /m l. Spleens from  untreated  

T6T6 m ice and experim ental Lac mice w ere p rocessed  in th is manner.

0.5 ml portions of a c e ll suspension prepared from  an 

untreated T6T6 m ouse and adjusted to a concentration of 2 x  10 

c e lls /m l were placed in a se r ie s  of culture tubes (flat based v ia ls ,  

Sterilin  Ltd.) 0 .5 m l of cell suspension from  individual experim ental 

Lac m ice were added to each tube and the c e lls  w ell m ixed. The 

m ixture of T6T6 and Lac ce lls  w ere now divided between 2 culture 

tubes, 0 .5 m l/tu b e , and the appropriate mitogen was added to each 

tube. Cultures w ere incubated in 8% COg and 82% Ng at 37°C.

6 . HARVESTING OF CULTURES

Metaphase a rrest for cytological analysis w as achieved by 

adding Colcem id (Ciba) to the cultures on the third day of culture at
_7

a concentration of 10 M, 16 hours prior to harvesting. Metaphase 

spreads w ere prepared by the method of Ford (1966). The deta ils  

of the cytological technique were as described in the previous 

section , but in the present se r ie s  of experim ents C olcem id w as used  

instead of Colchicine.



7. ESTIMATION OF LAC : T6T6 RATIO

75 to 100 m etaphases were sco red  from each culture and 

the ratio of Lac :T6T6 c e lls  determined. This ratio  was used  as 

an index of responsiveness for each sam ple of 10° ce lls .

8. METHOD OF QUANTITATION EMPLOYED

The method used to quantitate the PHA and LPS responsive  

populations was that of Doenhoff (1971), and is based  on a cytological 

analysis of c e lls  derived from two syngeneic stra in s of CBA m ice - 

CBA /Lac and CBA/H.T6T6. C ells of the T6T6 strain  carry a pair 

of minute chrom osom es by means of which they m ay be distinguished  

at m etaphase.

In this method, a known number o f ce lls  from  untreated  

m ice of one strain is  mixed with an equal number of ce lls  from  mice 

of the second strain which have been experim entally manipulated.

The m ixture of the two ce ll types is cultured with mitogen for 3 days, 

when, following metaphase arrest with Colcem id, the ce lls  a re  fixed 

and subjected to cytological analysis. The ratio of the dividing ce lls  

from the two sources is  determined and the result so  obtained gives 

the re la tive  concentration of mitogen responsive c e l ls  in the exp eri­

mental anim al. For instance, if both Lac and T6T6 ce lls  w ere  

derived from  com pletely normal m ice, an equal number of T6T6 and 

Lac c e lls  would respond to a given mitogen and the Lac : T6T6 ratio  

would be 1. If the test Lac m ice had few er ce lls  responding to the 

m itogen, the Lac : T6T6 ratio would be < 1.

The Lac :T6T6 ratio which is an index of the proportion of
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c e lls  responding to a given mitogen in culture was designated the

index of r e sp o n s iv en ess / 106 c e lls . (A culture consisted  of 106

c e lls .)  In order to estim ate the degree of re sp o n s iv en ess / spleen,
0

the in d ex / 10 c e lls  was multiplied by the mean number of nucleated  

c e lls  in the sp leen  from which the cultured ce lls  w ere derived. This 

was term ed the index of r e sp o n s iv en ess / spleen.

A disadvantage of this method of quantitation is that its  use  

is  lim ited  to the CBA /Lac and CBA/H.T6T6 m ouse strains.

9. DATA ANALYSIS

All estim ates of mitogen resp on siven ess w ere made on 

5 cultures derived from individual m ice. Mean values 

and standard er ro rs  (S.E.) were calculated on an O livetti 

'Programma 101' desk computer. The significance of d ifferences  

between groups w as calculated by Student's t test.

EXPERIMENTS

The data presented in this section  con sists  of the resu lts  

of three experim ents.

1. Groups of intact and T -ce ll deprived CBA/Lac m ice were  
5

infected with 1 x 1 0  P. b. yoelii parasitized  erythrocytes. On day 11 

of infection the intact and "deprived" m ice were sacr ificed  together 

with the appropriate uninfected controls and the sp leen  cell suspensions 

derived from individual m ice w ere se t up in culture with PHA and

LPS.



2. A group of intact CBA/Lac m ice were infected with l x  10^

P. b. yoelii parasitized  erythrocytes. 30 days after infection, the 

sp leen s of th ese "recovered" m ice and groups of norm al uninfected  

controls were assayed  a s  in experim ent 1.

3. Intact CBA/Lac m ice were infected with l x  105 P . b. berghei 

parasitized  erythrocytes. On day 15 the spleens fro m  these infected  

m ice and uninfected controls were set up in culture w ith PHA and 

LPS.

There was very c lo se  agreem ent in the proportion of c e lls  

from  normal uninfected controls responding to PHA and LPS in the 

three experim ents. H ence the controls in experim ents 2 and 3 are  

not shown in the resu lts .

RESULTS

1. THE RESPONSE TO PHYTOHAEMAGGLUTININ (PHA)

(F igs. 4.1a, 4.1b and Table 4.1)

1.1 Intact m ice infected with P. b. voelii

Uninfected m ice showed the expected PHA index which

approached 1. In the infected group (on day 11), th ere  was a

significant d ecrease in the proportion of PHA resp on sive  c e lls , the 
0

PHA in d ex / 10 c e lls  being 0.29 compared to 0.97 in the uninfected

controls (p<  0.001). By day 30 there appeared to be recovery  of
0

the PHA responsive pool, the PHA ind ex/ 10 ce lls  (0 .71) not being 

significantly different from  the controls.



Although there had been a drop in the proportion of ce lls  

responding, there was no decrease in the absolute number of PHA 

resp o n siv e  c e l l s /  sp leen . By day 11 of infection, c e ll  numbers in
g

the sp leen  had increased  from 1.53 to 12.22x 10 and a s a re su lt of

this sp lenom egaly , the PHA responsive in d ex /sp leen  in the infected  
8 8group w a s 3 .42 x 1 0  compared to 1 .51x10 in the controls (p <0.001). 

On day 30 the PHA in d ex / spleen was still higher than in the controls  

but the difference was not significant.

1.2 D eprived m ice infected with P. b. yoelii

T ce ll deprived mice have been shown to have a sm all

re s id u a l population of T ce lls  variously estim ated at between 5 and

10% of the normal T c e ll  pool (Doenhoff,1971; Raff, 1971). The

"deprived" m ice used in these experim ents had a PHA responsive

index which was approximately 10% of that in the intact m ice. On
0

day 11 of infection the PHA responsive index/ 10 c e lls  w as 0.12 

com pared with 0.14 in the uninfected "deprived" m ice (p < 0 .0 5 ).

When the PHA responsive index was calculated on a per
g

sp leen  b a s is , the index was found to increase from 0.19 x 10 in the
g

uninfected group to 0 .4 1 x 1 0  in the infected group. Hence on day 11 

of in fection , the PHA in d ex / spleen in the deprived group was 

approxim ately l/1 0 th  the value obtained in intact m ice at a comparable 

stage o f  infection.

1.3 Intact m ice infected with P. b. berghei

P. b. berghei infections in intact CBA m ice proved fatal
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the PHA in d ex / 10 was 0.13 compared to 0.97 in the uninfected 

controls (p <  0.001), and approached the lev e l found in T ce ll deprived 

m ice.

The PHA in d ex / spleen also  showed a significant reduction  
8 8from 1 .5 1 x 1 0  in the control to 0 .7 4 x 1 0  in the P . b. berghei 

infected group -  (p<  0.05), thus indicating that by day 15 of infection 

there had been a reduction in the absolute s iz e  of the PHA responsive  

pool.

2. THE RESPONSE TO BACTERIAL LIPOPOLYSACCHARIDE (LPS) 

(F igs. 4 .2a , 4.2b and Table 4.2)

2.1 Intact CBA m ice infected with P. b, voelii

On day 11 of infection P . b. yo e lii infected m ice showed a 

significant d ecrease in the proportion of LPS responsive ce lls . The 

LPS in d ex / 10 c e lls  having fallen from 0.85 in the uninfected controls 

to 0.30 in the infected group (p <  0.005). On day 30 the recovered  

m ice s t ill  showed very significant depression of the response to LPS, 

the in d ex / 10^ c e lls  being 0.28 (p< 0.001).

The calculated index of LPS re sp o n s iv e n e ss / spleen showed 

that desp ite the d ecrease in the proportion of LPS responsive ce lls ,
y

there was a considerable in crease in the total number of ce lls  

responding to LPA on day 11 -  the LPS in d ex / sp leen  being

ar
 t
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m ice showed a drop in the LPS index/ spleen to 0 .8 0 x 10 .

2.2 Deprived m ice infected with P. b. yoelii

Uninfected T cell deprived mice had m ore LPS respon sive
» 6 

c e lls  in the spleen than intact m ice. The LPS in d ex / 10 c e lls  was

1.20 in the deprived and 0.85 in the intact group (p < 0 .0 5 ). Doenhoff

(personal communication) has observed a s im ila r  level of endotoxin

responsive c e lls  in the spleens of "deprived" m ice . On infection

there was a slight decrease in the proportion of LPS responsive ce lls

in the "deprived" sp leens - but this was not s ta tistica lly  significant.
g

The LPS in d ex / spleen was 2 .92x 10 on day 11 of infection
6 8 compared to 1.64x 10 in uninfected deprived m ic e , and 3 .56x  10

in intact infected m ice.

2.3 Intact CBA m ice infected with P, b. berghei

P. b. berghei infections also caused a significant d ecrea se  

in the proportion of LPS responsive ce lls  to le v e ls  sim ilar to that
g

seen  in P. b. yoelii infections. On day 15 the LPS ind ex/ 10 c e lls  

was 0.26 compared to 0.85 in the controls (p < 0 .0 1 ) . As P. b. 

berghei caused le s s  splenomegaly than P. b. y o e l i i , the calculated  

LPS in d ex / spleen (1.75x10®) did not differ significantly from  

control lev e ls  (1.30x10®).

8 83 .5 6 x 1 0  com pared to 130x10  in the controls (p < 0 .0 5 ). R ecovered
g

DISCUSSION

A ll experim ents reported here were carried  out with sp leen



c e l l  populations. Although using the spleen is  advantageous since  

th e entire organ can be assayed , it m ust be rem em bered that the 

sp leen  is  but a fraction  of the entire lymphocyte pool, and changes 

in the spleen need not n ecessarily  r e flec t the state of the peripheral 

blood , thoracic duct lymph or lymph nodes. Further, these  

populations w ere sam pled  only at certain  selected  points during 

th e se  infections.

These experim ents show that both P. b. y o e lii  and P. b. 

b ergh ei infections cau se a marked reduction in the proportion of 

PHA responsive c e l l s  (T cells) in the spleen. In P . b. berghei 

in fections there appears to be a significant reduction in the overa ll 

s iz e  of the T ce ll pool. In P . b. yoelii infections, d esp ite  a 

d ecrea se  in the proportion of responsive c e lls , there appears to be 

a significant in crea se  of the total number of PHA resp o n siv e  c e lls  

in  the sp leen . T his would suggest that the d ecrease in the proportion  

of responsive c e lls  on day 11, is  due to "dilution" of the responding  

population either due to an increase of non responding c e lls  or due to 

functional inactivation of som e of the responding c e lls .

Both p a ra sites  a lso  caused a significant reduction in the 

proportion of LPS resp on sive (B) c e lls . In P. b. y o e lii infected  

m ic e  the LPS resp o n se  rem ained depressed  even on day 30, at which 

s ta g e  there had been significant recovery of the PHA respon sive pool.

A number o f factors probably contribute to the reduced  

im m unological reactiv ity  observed during these infections. An 

attem pt w ill be m ade to analyse som e of the m echanism s which might
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be responsib le for such altered  reactivity in the T and B c e ll  pools.

1. Both P. b. yoelii and P . b. berghei cause a gradual infiltration

of the 'thymus dependent' areas in the spleen with an indeterm inate 

pyroninophilic lymphoid ce ll. In P. b. yoelii infections this 

infiltration is  greatest at the peak of the infection (days 1 0 -1 2 ) , a 

tim e at which maximum immunodepression is known to occur 

(Salaman et a l., 1969; Greenwood et a l., 1971). On re co v er y , this 

infiltration gradually reced es and by day 30 only a few of th e s e  ce lls  

are found cuffing the central arterio le . In P. b. berghei in fections  

there i s  a sim ilar progressive infiltration. By day 15 (the tim e  at 

which sp leens were assayed) these ce lls  form an extensive confluent 

m ass.

The infiltration of these T cell areas could be one o f  the 

factors which cause a d ecrease in the proportion of PHA resp on sive  

ce lls  in these infections. The kinetics of the response correlating  

well with the level of depression observed. Such dilution o f the 

T ce ll pool by apparently non-responsive elem ents could a ls o  be 

an important factor in the depressed humoral antibody resp o n ses  

to T-dependent antigens seen in these infections. P. b. y o e li i  

infections are known to d epress humoral antibody responses to  sheep  

red blood ce lls  (SRBC) (Salaman et a l., 1969; Greenwood et a l . ,

1971), heat aggregated gamma globulin (HGG) (Greenwood e t  a l.,

1971), and tetanus toxoid (Voller e t a l . ,  1972). P. b. b ergh ei has 

also been shown to depress the plaque forming ce ll (PFC) resp o n se  

to SRBC (Whitemore, 1973).



A "crowding out" of T c e lls  could lead to altered  ce ll  

densities and ce ll relationsh ips which could be particularly important 

in resp on ses where c e ll  collaboration is  involved. M osier (1969) 

has drawn attention to the fact that sp ec ific  cell c lu sters  are 

required for immune responses to T dependent antigens in v itro .

It seem s very likely  that sim ilar conditions may be needed in v iv o . 

Hence changes which disrupt the functional integrity of T ce ll areas  

may lim it an an im al’s  ability to mount an effective respon se, 

particularly to thym us dependent antigens such a s SRBC.

2. It was dem onstrated previously that P. b. y o e lii infected

m ice had a considerable number of T c e lls  in m ito sis . Such m itotic 

activity was m axim al around the peak of the infection and returned  

to normal lev e ls  by day 25. It is  conceivable that the depressed  

respon siven ess to PHA and antigens such a s  SRBC seen  during 

an active P . b. y o e li i  infection, might in part be due to the fact that 

a large number of antigen reactive c e lls  a re  "preoccupied" 

responding to the p arasite . A number of investigators (Radovich 

and Talm age, 1967; Eidinger et a l., 1968; Brody and Siskind,

1969; Hunter et a l . ,  1969) have shown that the adm inistration of two 

different antigens, sim ultaneously or consecutively , resu lts  in 

diminished resp o n siv en ess to one of the antigens. T his phenomenon 

has been term ed antigenic competition. O'Toole and Davies (1971) 

found that sim ultaneous or consecutive injections of the sam e antigen 

(SRBC), a lso  resu lted  in reduced resp on siven ess -  a phenomenon 

which they term ed "pre-emption" as the f ir s t  injection of antigen



"appropriated" the anim al's capacity to respond to the second  

injection of antigen. It has a lso  been dem onstrated that mice injected 

with SRBC show significantly depressed  PHA resp on ses (Adler et a l., 

1971). Further, Adler et al. (1971) concluded that the reduced  

proportion of PHA responsive c e lls  in tumour bearing m ice was 

probably a consequence of their temporary preoccupation with tumour 

specific antigens.

Hence, the decrease in the proportion of PHA reactive cells  

in the spleen during a P. b. y o e lii infection may r e flec t further 

evidence of an intense T ce ll response to the p arasite , rather than 

being indicative of a state of immunological deficiency in any 

absolute term s.

P . b .b erghei on the other hand, induces only lim ited  

activity in the T c e ll  pool. It seem s unlikely, th erefore, that 

pre-em ption of the T cell pool would be the main reason for the 

im m unodepression observed in this infection.

3. In the present study both P. b. yoelii and P. b. berghei

infections were shown to cause a significant increase in plasma 

corticosterone lev e ls . In P. b. yoelii infections the increase was 

temporary; in P. b. berghei elevated leve ls  are probably maintained 

throughout the infection. (A lev e l of 17.5yUg/100 m l was recorded  

on day 15.) A lso , by day 15 there was considerable depletion of 

the corticosteroid  sensitive thymic cortex.

The lympholytic effects of corticosteroids are now well 

established. Their effects on the immunologically incompetent
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thym ic cortical lymphocytes has been  w ell documented in m ice  

(B lom gren and Andersson, 1969; Cohen and Claman, 1971). Large 

d oses of cortisone acetate have a ls o  been shown to inhibit the PHA 

resp o n siv en ess  of mouse spleen c e l l s  (Levine and Claman, 1970), 

and m ore recently steroids have a ls o  been shown to affect the 

recircu latory  properties of mouse T ce lls  (Cohen, 1972). Folch  

and Waksman (1974) have suggested  that stero id s may exert their 

effec ts v ia  a population of suppressor T c e lls .  They have shown 

that under s tr e ss  the suppressor T  ce lls  of young rats a re  

activated  and are able to inhibit the T ce ll response to PHA.

4. The m echanism s d iscu ssed  so far have been concerned

m ainly with changes in the T ce ll pool. Both infections a lso  induce 

sign ificant depression of the LPS resp on se. Interpretation of these  

r e su lts  is  made difficult by the fa c t that the effects of m itogens on 

B c e lls  have been incompletely ch aracter ised . However, the c e lls  

which respond to B ce ll mitogens such as LPS, PPD (Purified  

P rotein  Derivative) and poly A :U (polyadenylic-polyuridylic acid  

com plex) are thought to be a sub population of sm all restin g  lympho­

cy tes which differentiate on stim ulation to antibody form ing c e lls  

which secrete  IgM (M elchars, personal communication; M elchars 

and A ndersson, 1974). The dep ressed  respon se to LPS observed in 

th ese infections might be due to the fact that the responsive c e lls  

have already been triggered off by the parasite along a differentiation  

pathway leading to the formation of antibody secretin g  c e lls  which 

are incapable of responding to LPST. The histopathological picture

[**:• ! • i ITT TTT n r 11 i tm
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and the considerable m itosis in the non T c e ll  pool even during the 

later stages of the infection would be consistent with such an 

interpretation. It m ust however be pointed out that m alarial 

"toxins" produced by the parasite itse lf may be potent B cell 

m itogens which have the ability to stim ulate resting B ce lls . Such 

"toxins" are likely to p ersist even after the elimination of the 

infection, and may be one of the reasons for the continued depression  

of the LPS respon se in recovered m ice.

It can thus be seen that a number of factors may be involved  

in the dim inished functional reactivity of the T and B c e ll  pools seen  

in P. berghei infections. It seem s likely that the part played by 

any single factor would depend on the nature and severity  of the 

infection, the tim e at which the immunological status of the animal 

i s  a sse ssed , and the type of test "system" used.
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Table 4.1 The respon se to Phytohaemagglutinin (PHA)

Group
Lac : T6T6 ratio  
PHA in d ex /10® 

c e lls  ±  S.E.

Mean no. of 
ce lls /sp leen  
x 10°±S .E .

Calculated PHA 
index/ spleen  
x 10® ±  S .E .

Intact, 0.97 1.53 1.51
uninfected ±0.09 ±0.05 ± 0 .1 7

Intact 0.29 12.22 3.42
P .b .y .  infected  
Day 11 ± 0 .04 ±0.98 ± 0 .2 4

Intact 0.71 2.83 2.02
P .b .y .  infected  
Day 30 ±0.07 ±0.10 ± 0 .15

Deprived, 0.14 1.35 0.19
uninfected ±0.01 ±0.04 ± 0 .02

Deprived 0.12 3.37 0.41
P .b .y . infected + 0.04 + 0.22 + 0.12
Day 11

Intact 0.13 6.57 0.74
P . b .b . infected
T'Vi IT 1 C

±0.03 ±0.68 ±0.21
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T able 4.2 The response to B acterial Lipopolysaccharide (LPS)

Group
Lac : T6 T6 ratio  
LPS index/1 0  ̂

c e lls  ±  S.E .

Mean no. of 
ce lls /sp leen  
x  10° ±  S.E.

Calculated LPS 
index/spleen  
x 10° ±  S.E.

Intact, 0.85 1.53 1.30
uninfected ±0.03 ±0.05 ± 0 .07

Intact 0.30 1 2 . 2 2 3.56
P .  b. y. infected + 0.09 + 0.98 + 0.83
Day 11

Intact 0.28 2.83 0.80
P .  b. y. infected  
D ay 30 ± 0 . 0 2 ± 0 . 1 0 ± 0 .0 6

D eprived, 1 . 2 0 1.35 1.64
uninfected ±0.04 ±  0.40 ± 0 . 1 0

Deprived 0 . 8 8 3.37 2.92
P . b. y. infected  
Day 11

±0.16 ± 0 . 2 2 ± 0 . 1 1

Intact 0.26 6.57 1.75
P . b. b. infected  
Day 15

±0.03 ± 0 . 6 8 ± 0 .0 8



SECTION II. THE RESPONSE TO OXAZOLONE

INTRODUCTION

The experim ents reported  here were carried out to 

investigate the functional state of the T ce ll pool in v ivo, in m ice  

infected with m alaria. This w as done by studying the effect of 

m alarial infections on a sp ec ific  ce ll mediated immune resp o n se  - 

contact sensitiv ity  to 2-phenyl-4-ethoxym ethylene-oxazolone  

(Oxazolone).

It has been shown that contact sensitivity to oxazolone can 

be easily  induced in normal m ice  (Asherson and Ptak, 1968; Ptak 

and A sherson, 1969; de Sousa and Parrott, 1969), but not in mice 

deprived of their T ce ll population, either as a resu lt of neonatal 

thymectomy (de Sousa and P arrott, 1969) or adult thym ectom y  

followed by x-irradiation  and reconstitution with bone m arrow  

(Parrott et a l., 1970), or in congenitally thym usless "nude" m ice  

(Pritchard and M icklem , 1971).

As the degree of respon siven ess to oxazolone in m ic e  is 

dependent on their level of T c e ll  com petence, it provides a  

convenient method of assaying the status of this ce ll population 

during m alarial infections.

MATERIALS AND METHODS

1. MICE

CBA/Lac mice and outbred T.O. Swiss m ice were u sed  in

these experim ents.
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2. SENSITIZATION

Mice w ere  sen sitized  by applying 0 .1m l of a 3% solution  

of Oxazolone in  alcohol to the skin of the clipped abdomen.

3. RECALL RESPONSE

The sen s itiz ed  and non sen sitized  controls w ere tested  for 

contact sen sitiv ity  6 to 7 days after sensitization, by placing one 

drop of 1 % oxazolone d issolved  in o live  o il, on to both s id es  of the 

right and left e a r s . Ear thickness was measured with a dial gauge 

m icrom eter (M ercer Model 911411.003/3 C alliper, St Albans) by a 

method sim ilar  to that described by Asherson and Ptak (1968), at

4. 24, 48 and 72  hours after the application of the te st solution.

(The response in  T.O. m ice was not measured at 72 hours.) The 

resu lts  were ex p ressed  as the mean percentage in crease in ear thick­

n ess . T ests fo r  the significance of differences between groups 

w ere calculated  by Student's t- te st.

EXPERIMENTS AND RESULTS

1. THE RESPONSE TO OXAZOLONE

The re sp o n se  to oxazolone was studied in three experim ental 

system s -

1. C B A /L ac m ice infected with P. b. yoelii

2. C B A /L ac m ice infected with P. b. berghei

3. T.O. m ice  during and after recovery from  a P. b. yoelii 

infection .

All infections w ere  initiated by the intraperitoneal inoculation of
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1 x 1 0  parasitized  erythrocytes.

1.1 CBA m ice infected with P. b. yoelii 

(Fig. 4.3 and Table 4.3)

T hese m ice were sensitized  on day 10 of infection together 

with a group of uninfected controls, and tested  6  days later. The 

control CBA m ice showed the typical delayed type response - ear 

sw elling being maximal at 24 hours, at which stage a 74.58% 

increase in ear thickness was recorded. The response subsided 

gradually. At 48 and 72 hours, 64.50 and 53.33 per cent increases  

in ear thickness were recorded. The CBA m ice  infected with 

P. b. yoe lii showed no significant difference in responsiveness from  

the uninfected controls at 24, 48 and 72 hours.

1.2 CBA m ice infected with P. b. berghei 

(Fig. 4.4 and Table 4.4)

M ice were sen sitized  on day 7 of a P . b. berghei infection  

together with a group of uninfected controls. Both groups were 

tested  6  days later. Mice infected with P. b. berghei showed severe  

depression  of the response to oxazolone at 24 and 48 hours compared 

to the controls (p < 0.001). At 72 hours the respon se was s t ill  

significantly impaired (p< 0 .0 1 ).

1.3 T.O. m ice infected with P. b. voelii 

(Fig. 4.5 and Table 4.5)

P . b. yoelii produces an acute infection in outbred T.O. 

m ice (see  Chapter 1 for pattern of infection). Mice were

5







sen sitized  on day 8  together with uninfected controls. Both groups 

were tested  7 days later. The uninfected T.O. m ice showed a 

sharp r is e  in ear thickness within 4 hours. This could have been 

a m anifestation o f an immediate type reaction; only the delayed ear 

sw elling from 24 hours onwards being typ ica l of a delayed hyper­

sen sitiv ity  reaction  (Asherson and Ptak, 1968; de Sousa and Parrott, 

1969). At 24 hours maximum ear sw elling  was seen  (97.75%), and 

by 48 hours there had been a substantial fa ll in the respon se to 

54.46%. Unlike the untreated controls, P . b. y o e lii infected TD. 

m ice showed a markedly reduced ability to respond to oxazolone.

At 24 and 48 hours there was significant dep ression  of the resp on se, 

the mean in crea se  in ear thickness being 38.70% (p <  0.001) and 

29.25% (p< 0.05) respectively .

1.4 T.O. m ice recovered  from P. b. y o e lii infection  

(Fig. 4.6 and Table 4.6)

To find out whether normal immune resp on siven ess returned  

to T.O. m ice which survived a P. b, y o e lii infection , a group of m ice  

w ere sen sitized  29 days after infection ( i .e .  approxim ately 12 days 

after elim ination of parasites from the peripheral blood). These 

m ice were tested  7  days later together with a group of s im ila r ly  

sen sitized  uninfected control m ice. The control group showed a 

typical respon se - a 99.12% increase in ear thickness being reached  

at 24 hours. The "recovered" group showed essen tia lly  the sam e  

pattern of resp o n se , but the mean percentage in crease in ear 

thickness in the recovered  group at 24 and 48 hours was higher than



Fig. 4.5 Mean percentage increase in ear thickness + IS .E . 

in normal uninfected T .O . mice and P .b . yoel ii 

infected T .O . mice sensitized with Oxazolone.

Fig. 4.6 Mean percentage increase in ear thickness + 1 S.E.

in normal uninfected T .O . mice and T .O . mice 

recovered from a P.b. yoelii infection.

1 I ■'!Ill •« , 1 1
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DISCUSSION

These experim ents show that whereas acute infections 

such as P . b. berghei in the CBA mouse and P. b. yoelii in the T.O. 

mouse severely  impair the ability to respond to the skin sensitizing  

agent oxazolone, the comparatively mild self lim iting infection  

P. b. yoelii in the CBA mouse does not produce any detectable 

decrease in resp on siven ess to the sam e antigen. It was demonstrated  

previously that on day 11 of a P. b. yoelii infection in CBA m ice there 

was a significant reduction in the proportion of PHA responsive ce lls  

in the spleen. Despite th is, the ability of P. b. yoelii infected mice 

to elic it a ce ll mediated response to oxazolone, appears to be 

unimpaired. A  sim ilar observation was made by Greenwood (1971) 

who found that B alt/C  m ice infected with P. b. yoelii responded  

normally to oxazolone. He also demonstrated that graft rejection  

was not affected by these infections.

The m ice  in the present ser ie s  of experim ents w ere  

sensitized  on day 10 of a P. b, yoelii infection, a tim e at which a 

great deal of T ce ll mitotic activity was shown to occur. It was 

suggested that the decreased responsiveness to PHA and thymus 

dependent antigens such as SRBC might in fact be related to such 

activity, in that a large part of the T cell pool was "preoccupied"

in controls. The increase in ear thickness at 48 hours was

significantly higher in the infected group (p < 0 .05 ), but the increase

at 24 hours was not found to be significant.



responding to the parasite and hence was probably unable to react 

effectively to a second antigen. However, such "pre-emption" of 

the T ce ll pool, if it does occur, does not seem  to affect the response  

to oxazolone and hence may be operative only against certain antigens. 

T c e ll m itotic activity was found to decline rapidly to control levels  

around day 14 to 15. It would be in teresting  to determ ine whether 

this pattern of m itotic activity was a ltered  in m ice sen sitized  to 

oxazolone -  a potent stim ulator of T ce ll m ito sis  (Davies et a l . ,

1969b).

It would a lso  be useful to study the respon se to oxazolone 

employing sm aller  amounts of the antigen for sensitization  in view  

of the observation of Ptak et al. (1970). These workers found that 

CBA m ice with murine leprosy did not respond significantly to 

oxazolone when sen sitized  with 0.05 m l. If larger sensitizing  doses 

(0 . 1  ml) w ere used  sensitivity developed.

P . b. berghei infected CBA m ice were unable to respond  

significantly to oxazolone. This infection was a lso  shown in the 

present investigation to cause a marked depletion of the splenic PHA 

responsive population. Whitmore (1973) has shown that delayed 

hypersensitivity respon ses to sheep red blood c e lls  (SRBG) and 

methylated human serum  albumin (MHSA) are depressed  in T.O. 

m ice infected with P. b. berghei. Jerusalem  et al. reported that 

m ice infected with the K 173 strain of P. b. berghei failed to reject  

homogenic and allogenic skin grafts. (Jerusalem , cited by Salaman 

e t a l . ,  1969; Sengers, Jerusalem  and Doesburg, 1971).
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It would seem  that the immune defect in P. b. berghei 

infected m ice is  generalised  and resu lts in a state of reduced  

respon siven ess to most antigens. The chrom osome marker 

experim ents described previously suggest that the immunological 

defect probably stem s from  the inability of the T ce ll pool to 

respond effectively to the parasite. This deficiency in the functional 

capacity of the T cell pool probably extends to other antigens as w ell. 

A s was d iscussed  previously, the infections induce high plasma 

corticosterone levels and marked thymic cortica l atrophy, and these  

factors probably contribute to the depressed response to oxazolone 

particularly during the la ter  stages of the infection.

Steroids could ex ert their effects directly on the T cell.

On the other hand, it has been suggested that they could exert their 

im m unosuppressive e ffec ts  by acting at the s ite  of application of 

the oxazolone so as to prevent the release of antigenic fragments 

from  epidermal ce lls , or by impairing movement of polymorphs 

and monocytes to the skin  site , thus preventing induction of contact 

sensitiv ity . The possib ility  that such mechanism s might be 

important in the steroid induced suppression of contact sensitivity  

to oxazolone has been d iscussed  by de Sousa and Fachet (1972).

T.O. m ice infected with P. b, yoelii provided an inter­

mediate situation between the two models d iscussed  so  far. During 

an infection they show considerably decreased responsiveness to 

oxazolone. The high stero id  lev e ls  and thymic cortical involution 

demonstrated in these infections probably contributes to the



dep ressed  respon siven ess observed. About 60% of these m ice  

elim inate the infection and show a rapid return to norm ality. The 

enhanced response to oxazolone e lic ited  in these m ice on day 29 at 

24 and 48 hours correla tes well with an observation made ea r lier  

in th is investigation, that such recovered  T.O. m ice had significantly  

increased  thymus weights - which might be indicative of an expansion 

of the T ce ll pool in these recovered m ice.



Table 4.3 Developm ent of contact sensitivity in CBA m ice

infected with P. b. yoelii

Group
Mean percentage increase in ear thickness ±  S.E.

Time (hrs) after testing
4 24 48 72

CBA m ice 
uninfected

36.00
±1.69

74.58
±4.76

64.50
± 3 .20

53.33
± 6 .70

CBA mice 
P. b .y . infected

30.00
±0.82

70.88
±4.28

62.50
± 6 .84

42.73
± 7 .70

significance p < 0 .05 NS NS NS
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T able 4.4 Developm ent of contact sensitiv ity  in CBA m ice

infected with P .b . berghei

• Mean percentage in crease in ear thickness + S.E.
Group Time (hrs) after testing

4 24 48 72

CBA mice 
uninfected

30.00 
+ 1.50

82.50
± 10 .30

65.00
± 5 .00

57.50
± 2 .5 0

CBA mice 
P. b . b. infected

27.66
±0.84

29.00
± 3 .6 0

20.33
± 3 .40

12.50
± 7 .5 0

sign ificance NS p <  0 . 0 0 1 p < 0 . 0 0 1 p <  0 . 0 0 1

l
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Table 4.5 Developm ent of contact sensitiv ity  in T.O. mice

infected with P. b. yoelii

Group Mean percentage increase in ear thickness ±  S.E.

T im e (hrs) after testing
4 24 48

T.O. m ice 77.17 97.75 54.46
uninfected ±20.06 ±9.01 ± 1 1 .7 0

T.O. m ice 19.62 38.70 29.25
P. b. y. infected ±5.15 ±3.68 ± 2 .24

significance p < 0 . 0 1 p < 0 . 0 0 1 p < 0 .05



271

Table 4.6 Developm ent of contact sensitivity in T.O. m ice

recovered  from a P. b. yoelii infection.

Group
Mean percentage increase in ear th ickness 1  S.E .

Time (hrs) after testing
4 24 48

T.O. mice 
uninfected

60.90
±6 .52

99.12
1 9 .5 6

55.50
1 7 .8 5

T.O. mice 
recovered  
from  a P. b. y. 
infection

56.75
± 8 .84

122.25
118 .17

91.50
110 .59

significance NS NS p< 0.05

• i r _________
t  ! i
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INTRODUCTION

In ea r lier  sections of this th esis , th e  nature of the host 

response to the murine m alarial parasite P . b. yoelii was in vesti­

gated using techniques of in vivo lymphocyte depletion and 

reconstitution. The interaction between h o st and parasite was a lso  

characterized using m ice currying chrom osom ally distinguishable 

ce ll populations. The present section is  concerned with the u se  of 

serum and c e ll  transfers from immune to non immune m ice, to 

analyse further the host response in m alaria.

Such serum  and cell transfers offer a d irect method by 

which to evaluate humoral and cellular contributions towards 

eliciting and maintaining a state of effective immunity in these 

infections. It provides a particularly powerful analytical tool since  

it allows manipulation (a) of the donor, (b) o f the c e lls  or serum  

while in transit between donor and recip ient, and (c) of the recip ients  

them selves.

In the present investigation, use h as been made in particular, 

of the T -ce ll deprived recipient. It was shown that such m ice lacked

the endogenous apparatus necessary for protecting them selves 

against a P. b. yoelii infection. However, i t  is  known that T c e ll  

deprivation su pp resses both ce ll mediated immunity (CMI) and 

humoral antibody responses to thymus dependent antigens. To 

define the nature of the immunological lesion  in these anim als m ore 

p recise ly , se lec tiv e  restoration of respon siven ess was attempted 

with serum  and ce lls .

I I  ' i.r-K 1 i:!. !•1 !;• - -'T :T. .’T  ; ' l i t ;  ! IT'».!
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MATERIALS AND METHODS

1. ANIMALS

Male CBA m ice (aged 7 to 15 weeks) w ere used in these  

experim ents. Hyperimmune serum  was ra ised  in outbred T.O. 

Swiss m ice aged 12 to 15 weeks.

2. T CELL DEPRIVATION

CBA m ice w ere thym ectom ized, X -irrad iated  and 

reconstituted with syngeneic bone marrow - a s  described in Chapter 

2.

3. THE PARASITE

The p arasite  used in these experim ents was P. berghei 

yoelii. Storage of parasite and preparation of infective inocula 

were carried  out as described previously.

4. PREPARATION OF ANTISERA

4.1 Immune serum
5

CBA m ice were infected with l x  10 P . b. yoelii parasitized  

erythrocytes. Two weeks after the parasites had been elim inated  

from the peripheral blood the m ice were bled from  the retro-orb ita l 

sinus. The blood was allowed to clot at room tem perature, left 

overnight at 4°C and the serum  separated by centrifugation at l,000g  

for 10 min. The serum was inactivated at 56°C for 30 min and 

stored at -70°C .



4.2 Hyperimmune serum

Outbred T.O. m ice were infected with l x  10 P . b . yoelii

parasitized  erythrocytes. Mice which recovered from the primary
0

infection were challenged with an inoculum of 1 x 1 0  parasitized  

erythrocytes at weekly intervals for 6 weeks. 1 week a fter  the last 

inoculum the m ice were bled from  the retro-orb ital sinu s and the 

serum  was separated, inactivated and stored as before.

5. PREPARATION OF SPLEEN CELL SUSPENSIONS

Donor m ice were killed by cervical dislocation. The 

sp leens were rem oved, cut into sm all fragments and p a ssed  

through fine sta in less s tee l s iev es  into cold 199 medium (W ellcom e). 

The c e ll  suspension was aspirated through a 25G need le, washed 

twice in 199 medium, counted in a haem ocytom eter, and adjusted 

to the required ce ll concentration.

6 . PREPARATION OF AKR ANTI-THETA/C3 H SERUM

The anti theta/C3H serum  used in these experim ents was 

a gift from  Dr R .S . Kerbel of the Chester Beatty R esearch  Institute, 

London. It was prepared in the following manner according to the 

method of Reif and Allen (1966). Three month old fem a le  AKR m ice  

were injected with 2 0 x 1 0  washed thymocytes at weekly in tervals, 

except that an interval of 6  weeks separated the second and third 

injections. The mice were bled 9 days after the seventh and final 

injection, the serum  was pooled, inactivated at 56°C for 30 min, 

and stored  neat, in sm all aliquots, at -20°C . This antiserum

5
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killed 30 to 35% o f CBA spleen c e lls  at dilutions up to 1 :1 6 .

7. TREATMENT OF CELLS WITH ANTI-THETA ANTISERUM

Spleens from  recovered  m ice w ere processed  in 199 medium

as described above to give a cell suspension , the concentration of
0

which was adjusted  to 2 0 x 1 0  c e lls /m l. 1 .5m l aliquots of this ce ll
7

suspension (i.e . 2 -3 x 1 0  cells) w ere transferred to polystyrene  

tubes and centrifuged at 250g for 7 min. The supernatant was 

decanted and the ce lls  w ere resuspended in 1 ml of anti-theta/C 3H  

antiserum  or n orm al AKR serum diluted 1 :10 with 199 medium.

The c e lls  were incubated at 37°C for 20 min. The c e lls  were then 

sedim ented at 250g  for 5min, all anti-theta antiserum  was rem oved  

and the c e lls  resuspended  in 1 ml of fresh guinea pig serum  diluted 

1 : 8  with 199 m edium . The ce lls  were now reincubated at 37°C  

for a further 30 m in. Finally, the c e lls  w ere resedim ented, 

washed once in m edium 199 and diluted to the required c e ll concen­

tration. Cell v iab ility  was determined by the trypan blue exclusion  

te st as d escr ib ed  by B oyse et al. (1968).

8 . TREATMENT OF CELL DONORS WITH CYCLOPHOSPHAMIDE

C ell donors w ere treated with a single dose of cyclophos­

phamide (Endoxana) 300 mg/Kg body weight. Spleen c e lls  w ere 

harvested from  these m ice 3 days after treatm ent. Some sp leens  

from treated m ic e  were fixed in Carnoy's fluid, processed  according  

to standrad h isto log ica l methods, and w ere stained in methyl green  

pyronin or haem atoxylin and eosin.



9. ANALYSIS AND PRESENTATION OF DATA

A ll experim ental groups consisted of at lea st 5 m ice.

Blood parasitaem ias were determined on individual m ice as described  

in Chapter 1. Mean percentage parasitaem ias and standard errors 

w ere calculated. Where n ecessary , Student's t - te s t  was used to 

determ ine the significance of d ifferences between groups. The 

resu lts  of these experim ents a re presented in the form  of graphs.

EXPERIMENTS AND RESULTS

P. b. voe lii infections in CBA mice: A note on the pattern of infection
4

Infection of intact CBA mice with l x  10 P . b. yoelii 

parasitized  erythrocytes resu lted  in a very characteristic pattern 

of infection. The parasite could be detected in the peripheral 

blood 2 to 4 days after infection; the parasitaem ia increased  

steadily and peaked around day 1 0  to 1 2  after which the parasites 

w ere elim inated from  the peripheral blood fairly rapidly. The 

peripheral blood was usually aparasitaem ic 16 to 18 days after 

infection.

In the present ser ie s  of experiments it was found that 

although a ll infections in intact untreated CBA m ice conformed to 

this basic pattern, there was a certain amount of variation in the 

peak parasitaem ias recorded in different experim ents. This is  

thought to be due to an age factor which could not be rigidly  

controlled. Younger mice aged 7 to 8  weeks tended to show peak 

infections of 5 to 6 %, while in older m ice (12 to 15 weeks) the peak



parasitaem ias were 1 to 2%. F or practical reasons it  was not 

possib le to use m ice of the sam e age for the entire s e r ie s  of 

experim ents described, but a ll m ice  within each experim ent were 

age matched.

1. TRANSFER OF IMMUNITY WITH SERUM

Attempts were made to transfer immunity to non immune 

hosts by the passive adm inistration of serum . The effects of two 

pools of sera  were studied.

1. Serum from  CBA m ice 15 d ays after recovery from  a primary 

infection. This serum  was designated immune serum  (IMS).

2. Serum from  outbred T.O. m ice  which had been repeatedly  

challenged, after recovery from  a primary infection. This was 

term ed hyper-im m une serum  (HPS).

A ll sera  w ere adm inistered intravenously into the la teral ta il vein 

and m ice w ere challenged 1 to l i  hours later with the parasite 

inoculum, intraperitoneally.

The effect of immune serum (IMS)

1.1 Treatm ent of m ice with 0.2 m l immune serum  

(Fig. 5.1)

Intact CBA m ice were given 0.2 ml of IMS or NMS (normal
4

mouse seru m ), and were infected with l x  10 P . b. yoe lii para­

sitized  erythrocytes l£  hours la ter . M ice treated with IMS showed 

no significant difference in parasitaem ia from the NMS treated

group.



Fig. 5.1 Mean percentage parasitaemias in normal CBA mice treated with 0.2 ml of 

(IMS) immune mouse serum or (NMS) normal mouse serum and challenged
4

with 1 x 10 P.b. yoelii parasitized RBC.
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1.2 Treatm ent of m ice with 0.5 ml immune serum

Since 0.2 ml of IMS had no effect, larger doses of IMS

were adm inistered . M ice were given 0.5 ml of IMS or NMS and
i 4 4la  hours later w ere challenged with either 1x1 0  or 5 x 1 0

parasitized  eryth rocytes. A se t of untreated control m ice were

a lso  included in  the group challenged with the larger inoculum.

4
Group challenged with 1 x 1 0  parasitized erythrocytes 

(F ig. 5.2)

In the NMS treated  group peak parasitaem ias w ere reached  

on day 12 (3.21%), and the parasitaem ia in the peripheral blood was 

cleared  by day 17. The immune serum  (IMS) recip ients showed, 

in itia lly , a s lig h t retardation of infection on day 3 and 4. From day 

5 to day 10 th ere  was no significant difference between the mean 

parasitaem ias in the two groups. From  day 11 onwards the mean 

percentage parasitaem ia  in the IMS treated group was higher than in 

the control group. (The difference was significant on days 14 and 

15 -  p < 0 .0 5 .) The infection lasted 19 days in the immune serum  

recip ients com pared to a 17 day period in the controls.

4
Group challenged with 5x 10 parasitized erythrocytes  

(Fig. 5.3)

Untreated and NMS treated mice showed essen tia lly  the
4

sam e basic pattern of infection as m ice inoculated with 1 x 1 0  

parasitized ery th rocytes, but the infection developed faster; peak 

parasitaem ias w ere recorded  on day 1 2  and 1 1  in the untreated and



0.5 ml (IMS) immune mouse serum or (NAAS) normal mouse serum 
4

and challenged with 1 x 10 P.b. yoelii parasitized RBC.

F ig . 5 .2  M ean p e rc e n ta g e  p a ras itae m ia s  in norm al CBA m ice tre a te d  w ith

10.0 r
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Mean percentage parasitaemias in untreated CBA mice 

and mice treated with 0.5 ml of (IMS) immune mouse
l

serum or (NMS) normal mouse serum, and challenged with 5x10 

P. b.yoeTi parasitised RBC.
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NMS treated  groups respectively . The infection was eliminated

by day 16 in both these groups. In the IMS treated group, there

was so m e  inhibition of parasitaem ia over the f ir s t  six  days;

betw een  day 7 and day 13 the infections in the three groups did not

differ significantly. H owever, unlike the control groups in which

the p arasitaem ias declined rapidly after day 13, in the IMS treated

group the period of infection was extended, parasites being present

in the peripheral blood until day 19.

H ence, treatm ent of m ice with 0.5 ml IMS before challenge 
4 4with inocula of either 1 x 1 0  or 5x1 0  appeared to cause som e  

enhancem ent of infection, the enhancement being more pronounced 

in the group challenged with the large inoculum.

The e ffec ts  of hyperimmune serum (HPS)

As immune serum  had little or no protective effect, 

experim ents w ere set up to investigate the effects of hyperimmune 

seru m  (HPS) on P . b. y o e lii infections.

1.3 T reatm ent of m ice with 0.2 ml or 0.5 ml hyperimmune serum  

Intact CBA m ice w ere treated with 0.2 m l or 0.5 ml of HPS
4

and challenged l |  hours later with 1x10  P. b. yoelii parasitized  

eryth rocytes. Mice given 0.5 ml of HPS were protected com pletely  

ag a in st challenge, no p arasites being detected in the peripheral 

blood during a 20 day period of observation. In m ice treated with 

0.2 m l of HPS (F ig . 5.4), there was a significant delay in the onset 

of the infection, p arasites being fir s t  detected in the blood on day 

12 (c f . day 3 in controls). Thereafter the parasitaem ia increased



Mean percentage parasitaemias in normal mice treated with

0.2 ml (HPS) hyperimmune serum or (NMS) normal mouse
4

serum, and challenged with 5 x  10 P.b. yoelii parasitized
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stead ily , reached a maximum 2 .0 2 % on day 2 0 , and w as cleared  

from the blood by day 25 i .e . ,  13 days after the infection becam e 

patent.

1.4 Treatm ent of T c e ll deprived m ice with 0.5 m l hyperimmune

serum

(F ig. 5.5)

A s 0.5 ml of HPS was shown to protect intact m ice  

com pletely , the ability of th is serum  to protect "deprived" recip ients  

was investigated . Such recip ien ts had been shown to be incapable 

of mounting an effective respon se against P . b. y o e lii . 0.5 ml of 

hyperimmune serum  was adm inistered to normal and "deprived"
4

recip ien ts which w ere challenged with 5x 10 P. b. y o e lii para­

sitized  RBC (1§ hours la ter).

• As in the previous experim ent, 0.5 ml HPS conferred  

com plete protection, in th is case against a larger challenge inoculum
4

(5 x 1 0  P. b. y o e lii) . In T -c e ll deprived m ice , how ever, the serum  

produced only a transient inhibitory effect on parasitaem ia. The 

parasitaem ia becam e patent in the HPS treated group on day 8  com ­

pared with day 3 in the NMS treated controls. T hereafter the 

parasitaem ia increased  steadily and the infection proved fatal in aU 

HPS treated  "deprived" m ice. The mean percentage parasitaem ia  

in the HPS treated group w as lower than in the controls throughout 

m ost of the infection, and no evidence of enhancement was seen  in 

these serum  treated "deprived" m ice. The mean survival tim e of 

the hyperimmune serum  recip ien ts was 47 days com pared to 38

L ! • I ’ i*» IT Hi i lit** ’i*i l ' | )  i



with 0.5 ml (HPS) hyperimmune serum or (NAAS) normal mouse
4

serum, and challenged with 5 x 10 P.b. yoelii parasitized RBC.

M ean p e rc e n ta g e  p a ras itae m ia s  in T c e ll  d e p riv e d  m ice  tre a te d
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days in the NMS treated group.

1.5 Treatment of m ice with 0.5 ml hyperimmune serum and challenge 

with large inocula 

(F ig. 5.6)

F inally , an attempt was made to determ ine whether the

HPS which had protected intact m ice completely against parasite  
4 4inocula of l x  10 and 5x  10 P. b. yoelii could protect m ice as

effectively  against s t ill  larger challenge inocula. Intact CBA m ice

w ere treated with 0.5 ml HPS or NMS and challenged l \  hours later 
5

with 1 x 1 0  parasitized  erythrocytes. All hyperimmune serum  (HPS) 

recip ients becam e infected. The parasitaem ia w as patent on day 7 

i .e . 4 days later than in the NMS treated group. The mean 

percentage parasitaem ia in the HPS treated group throughout the 

infection was higher than in the control group at a comparable stage 

of infection. Peak parasitaem ia in the HPS group was 6.0% compared  

to 1.23% in the controls and was recorded 10 days after the infection 

becam e patent. The HPS treated group elim inated the infection by 

day 23, i.e . 16 days after the appearance of p arasites in the peri­

pheral blood.

Hence, although the HPS initially delayed the onset of the 

infection, once the parasitaem ia became patent the resulting infection 

was considerably enhanced.



F ig . 5 .6 Mean percentage parasitaemias in normal CBA mice treated with 

0.5 ml (HPS) hyperimmune serum or (NAAS) normal mouse serum, 

and challenged with 1 x 10 P,b, yoelii parasitized RBC.
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2. THE TRANSFER OF IMMUNITY WITH CELLS

The ability  of "immune" lymphoid c e lls  to transfer  

immunity to non-im m une hosts was investigated using spleen c e lls  

from donors which had recovered from  a P. b. yoelii infection.

All c e lls  were h arvested  15 to 20 days after recovery  from  a 

primary infection. C ells were adm inistered intravenously, and the 

ce ll recip ients w ere  challenged with parasite inocula intraperi- 

toneally.

2.1 The transfer o f immunity with spleen c e lls  

(Fig. 5.7)
g

Mice w ere injected with l x  10 immune sp leen  c e lls
g

obtained from "recovered" CBA m ice , or l x  10 c e lls  from  untreated  

CBA m ice (normal c e lls ) .  Two hours later the m ice w ere challenged
4

with 1x 1 0  P. b. y o e li i  parasitized  erythrocytes. Immune spleen  

ce ll recip ients c lea red  their infection in 8  days com pared to the 15 

day period in con tro ls  which rece ived  normal c e lls . The course of 

infection in the im mune ce ll recip ien ts was m odified in that there was 

initially a faster developm ent of the infection which peaked on day 7 , 

followed by a rapid elim ination of p arasites from  the peripheral blood.

2.2 Variation in tim e  of ce ll transfer 

(Fig. 5.8a, 5.8b and 5.8c)

To determ ine whether the tim e of adm inistration of the im m une 

lymphoid ce lls  a ffected  the degree of immunity elic ited  in the adoptive 

host, the following experim ent was carried  out.

A , K f llia iM g M a iW lllM if fW M t t iM lig M llM W g fe fc ,» !



Fig. 5.7 Mean percentage parasitaemias in normal CBA mice injected with
O

1 x 10 immune spleen cells or normal spleen cells, and challenged
4

with 1 x 10 P b. yoelii parasitized RBC.
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Mean percentage parasitaemias in normal untreated
0

CBA mice and mice injected with 1 x 10 spleen cells
4

on d a / 4 of infection. Parasite inoculum 1 x 10 

P ,b. yoel ii parasitized RBC .

Mean percentage parasitaemias in normal untreated
0

CBA mice and mice injected with 1 x 10 immune

spleen cells 2 hours before infection. Parasite 
4

inoculum 1 x 10 P ,b. yoelii parasitized RBC .

Mean percentage parasitaemias in normal untreated 

CBA mice and mice injected with 1 x 10® immune 

spleen cells 4 days before infection. Parasite
4

inoculum 1 x 10 P.b. yoelii parasitized RBC.
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Three groups of CBA m ice -  groups A , B and C -  were
g

injected  with 1 x 1 0  immune spleen c e lls . Group A m ice had been 

infected  with P. b. y o e lii 4 days previously. Group B was infected  

2 h ours after c e ll  transfer and group C was infected 4 days after 

the adm inistration  of c e lls .  Each group was infected together with 

a group of untreated controls. The challenge inoculum in a ll cases
4

was 1 x  10 P . b. y o e lii .

The re su lt  showed that the m ost effective immunity was 

obtained in group C, i .e .  where the immune spleen c e lls  were given 

4 days prior to infection . In this group the infection becam e patent 

on day 1, peaked on day 3 and was elim inated on day 5. The duration 

of the patent infection being 4 days.

In group B which received  c e lls  2 hours before infection, 

p a ra site s  appeared in the peripheral blood on day 3, peaked on 

day 5 and w ere rem oved  by day 8 .

In group A w here ce lls  w ere given during an active infection 

when the mean percentage infection was 1.80, there was no further 

in crea se  in parasitaem ia; the spleen ce lls  apparently exerting a 

rapid effect. P a ra s ite s  were elim inated on day 11 of infection, 

i .e . 7  days after the adm inistration of the c e lls .

As this experim ent showed that the m ost effective immunity 

was obtained when c e lls  were adm inistered before infection, in 

subsequent experim ents ce lls  were always given before challenge. 

When it  was not p o ssib le  to infect m ice on day 4, they were infected  

on day 5  or 6  after the adm inistration of c e lls .
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2.3 Dose response relationship  

(F ig. 5.9)

In the experim ents described so far, ce ll recipients w ere
g

inoculated with l x  1 0  sp leen  c e lls  -  th is being equivalent to a donor 

recipient ratio  of 1 : 1 .  The present experim ent was carried out to 

determ ine the effects of variation in c e ll numbers on the degree of 

immunity obtained in the adoptive host.
g

D oses of immune spleen c e lls  ranging from 1x10  to
g

2 x  10 w ere given to groups of intact CBA m ice. 6  days later these  

m ice w ere challenged together with a group of untreated controls
4

with an inoculum of lx  10 P. b. yoe lii parasitized erythrocytes.

Fig. 5.9 shows the varying degrees of protection conferred with

graded d oses of immune spleen c e lls . The administration of la rg e
7 8numbers of spleen ce lls  (2 x 1 0  to 2 x 1 0  ) resulted in the elim ination

of the challenge organism  within 7 to 8  days in contrast to its norm al

growth in untreated recip ien ts. Smaller doses of immune c e l ls

( 1 x 1 0  ) produced proportionally le s s  protection, the infection

persisting  until day 10. The prolonged pre-patent period (4 days)
8 8in the groups receiv in g  l x  1 0  and 2 x 1 0  c e lls , unlike in the previous

g
experim ent where recip ien ts of 1 x 1 0  ce lls  showed a rapid develop­

ment of infection, might be related to the 6 day interval between ce ll 

transfer and parasite challenge used in the present experim ent.

2.4 Treatm ent of ce ll donors with Cyclophosphamide

(Fig. 5.10)

The effect of Cyclophosphamide on the immune ce lls  o f  the





with varying numbers of immune spleen cells and challenged 
4

with 1 x 10 P.b. yoelii parasitized RBC. (The untreated 

control group is not shown on this graph.)

M ean p e rc e n ta g e  p a ras itae m ia s  in norm al CBA m ice in je c te d



«* r

Ir



2 x IO8
1 x IO8
2 x IO7 IMMUNE SPLEEN
1 x IO7 
1 x 106

CELLS

296



cells , immune spleen cells, or immune spleen cells from Cyclophosphamide treated
4

donors, and challenged with 1 x 10 P.b. yoelii parasitized RBC.

F ig . 5 .1 0  M ean p e rc e n ta g e  p a ras itae m ia s  in normal CBA m ice tre a te d  w ith  1 x 10 norm al sp leen



IMMUNE SPLEEN CELLS 
IMMUNE SPLEEN CELLS FROM 
CYCLOPHOSPHAMIDE TREATED 
DONORS
NORMAL SPLEEN CELLS



The protective capacity of the lymphoid ce lls  from these a n im a ls, 

obtained three days la ter , was com pared with that of c e lls  from  the
Q

untreated donors. 1 x 1 0  sp leen  c e lls  of each type were transferred

into two groups of untreated CBA m ice , which together w ith a control

group which received  a sim ilar number of normal spleen c e l l s  were
4

infected  five days later with 1 x 1 0  P, b. y o e lii . The r e s u lts  

(F ig. 5.10) showed that while im m une c e lls  from  untreated donors 

w ere effective  in transferring r e s is ta n c e , an equal number of c e lls  

from  Cyclophosphamide treated donors did not transfer a com parable  

lev e l of immunity to the adoptive host - the infection in the latter 

group p ersistin g  until day 13 unlike in the untreated im mune ce ll 

recip ien ts which cleared  the infection by day 9. Hence, prior  

treatm ent with Cyclophosphamide appears to significantly reduce  

the ability of c e lls  to confer protection on non immune rec ip ien ts .

H istological examination of the sp leens of Cyclophosphamide 

treated  m ice at the tim e of ce ll transfer showed that the lym phocytes 

in the 'thymus dependent' periarterio lar regions were la rg ely  

unaffected, but there was exten sive destruction of non T -c e l l  areas.

2.5 C ell transfer into T -ce ll deprived recipients 

(F ig. 5.11)
O

1 x 1 0  immune spleen c e l ls  were transferred into T -c e ll  

deprived recip ien ts. F ive days later the immune ce ll rec ip ien ts  

and a group of untreated "deprived" mice were infected with

donor was studied by treating half of a group of recovered  m ice

with a single dose of Cyclophosphamide - 300m g/K g body weight.



Mean percentage parasitaemias in T cell deprived mice injected with 1 x 10
4

immune spleen cells and in untreated deprived mice challenged with 1 x 10 

P.b. yoelii parasitized RBC.
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The immune c e lls  transferred  resistan ce effectively to the 

deprived m ice. Unlike untreated "deprived" m ice in which the 

infection proved fatal in 35 to 40 days (or HPS treated deprived m ice  

where there was only a transien t inhibition of infection) "deprived" 

m ice which received  immune sp leen  ce lls  showed only a low grade 

infection  which was eliminated 6  days after the infection becam e 

patent. The infection in these m ice  was very sim ilar to that 

ob served  in intact CBA m ice inoculated with a sim ilar number of 

immune spleen c e lls . Hence im mune ce lls  appeared to be capable 

of transferrin g  resista n ce  to T -c e l l  deprived m ice as effectively as  

to intact recip ients.

2.6 T ransfer of anti-theta antiserum  treated immune spleen c e lls  

(F ig . 5.12)

In order to identify m o r e  precisely  the c e ll  type responsible  

for the ability of immune spleen  ce lls  to transfer resistan ce to non- 

immune hosts - c e lls  treated w ith  anti-theta antiserum  were used. 

Thymus p rocessed  peripheral lymphoid c e lls  bear the theta is o ­

antigen on their surface, and h en ce treatment of lymphoid c e lls  with 

an antiserum  ra ised  against the theta antigen se lectively  rem oves 

th is c e ll  population.
O

1 x 1 0  anti-theta antiserum  or norm al AKR serum  treated  

immune spleen c e lls  were in jected  into groups of intact and T -ce ll

4
1 x 1 0  P .  b. y o e lii parasitized eryth rocytes. (Groups of normal

sp leen  c e ll  recip ien ts were not included in th is and the subsequent

experim ent.)





Mean percentage parasitaemias in normal and T cell deprived

recipients injected with anti-theta antiserum treated immune spleen

cells, or in normal and T cell deprived recipients injected with

normal AKR serum treated immune spleen cells. Challenge 
4

inoculum 1 x 10 P.b. yoelii parasitized RBC.
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deprived CBA m ice. 4 days later a ll ce ll recip ients and groups

of untreated control m ice (both intact and "deprived") w ere infected  
4

with 1 x 1 0  P . b. yoelii parasitized  erythrocytes.

Cell transfer into intact recip ients

Both norm al AKR serum and anti-theta antiserum  treated  

ce ll rec ip ien ts  cleared their infections on day 8 . The mean percent­

age p arasitaem ias in the anti-theta antiserum treated c e ll  recip ien ts  

was h igher than in the norm al AKR serum treated ce ll recip ien t 

group on days 3 and 4 of infection, but the differences w ere not 

sta tis tica lly  significant.

Cell transfer into "deprived" m ice

Deprived mice given normal AKR serum  treated c e lls  or 

anti-theta  antiserum  treated ce lls  were protected effectively . The 

norm al AKR serum  treated ce ll recipients cleared  their parasitaem ia

on day 6  of infection - while in the anti-theta treated ce ll recip ien ts  

the infection lasted  until day 8 . This experim ent showed that

rem ova l of the T -ce ll population did not impair the ability of immune

spleen ce lls  to transfer resistan ce  to either intact or deprived hosts

in th e se  infections. ^
( f U  (¡¿AftO d  '  &  *  )  À / a 0U J i^ r U C o /  A u U
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DISCUSSION
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Although the experim ents reported here im plicate both

hum oral and cellu lar factors in acquired resista n ce  to P . b. yoelii

they do suggest strongly that a ce ll associated  component, rather 

than seru m  antibodies by th em selves, might be of prime importance



in the host resp o n se  to m alaria.

Immune serum  (IMS) from  CBA m ice which had recovered

from  a prim ary infection with P. b. yoelii was shown to confer

little  or no protection  on non immune recip ien ts. Hyperimmune

serum  (HPS) on the other hand, proved effective in protecting intact
4 4recip ien ts against challenge inocula of 1 x 1 0  and 5x1 0  , but when 

challenged with s t i l l  larger inocula ( l x  1 0 )̂ it had only a temporary 

inhibitory effect on the infection. When HPS was administered to 

"deprived" re c ip ie n ts , it was found that d oses of serum  which 

protected intact m ice  com pletely, only caused a 5 to 6  day delay in 

the onset of infection . It had been dem onstrated previously that 

these deprived m ice  could not mount an effective immunological 

respon se to P . b. y o e li i , and the inability to respond appeared to 

be re la ted , in part at lea st, to a failure of the germinal centre 

respon se and 7S antibody production. The ability of HPS to contain 

the infection tem porarily  in these m ice su ggests that the passively  

adm inistered antibody effects a transient restoration  of this immuno­

logica l defect -  the duration of which correla tes well with the half 

life  of such serum  immunoglobulins (Fahey and Sell, 1965). In 

intact recip ien ts too the p assively  transferred HPS probably exerts  

a sim ilar  inhibitory effect - thus providing the intact host with a 

sufficient interval of tim e during which it can mount a response 

against the p a ra site , thus preventing the infection from becoming 

patent.

When m ice  were treated with 0.5 m l of immune serum (IMS)
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and subsequently challenged with either lx lO 4  or 5 x l0 4  para­

sitized  c e lls ,  som e enhancement resulted. This effect was more 

pronounced in the group challenged with the larger inoculum.
5Enhancement was also  observed  in m ice challenged with l x  10 

parasitized  erythrocytes after treatm ent with HPS. The exact 

m echanism  by which p assiv e ly  adm inistered antibody caused such 

an effect in these in fections is uncertain. However, in other 

situations such as the h o s t  tumour relationship, enhancement by 

p assive antibody is  thought to be due either to masking of target 

ce ll antigens, or to the inhibitory effects of antigen or antigen- 

antibody com plexes on effector lymphocytes (reviewed by Hellstrom  

and H ellstrom , 1974). The possib ility  that essentia lly  sim ilar  

m echanism s might op erate in the present situation cannot be 

overlooked.

Unlike serum  antibodies, the transfer of immune spleen

c e lls  conferred very effective  resistan ce in both normal and T -ce ll
4deprived m ice challenged with an inoculum of 1 x 1 0  parasitized

erythrocytes. P relim in ary  experim ents (not reported here) have

shown that the immunity transferred by these c e lls  is  as effective
5

against larger challenge inocula, e.g . 1 x 1 0  .

M ice which rece iv ed  immune spleen c e lls ,  showed initially , 

a more rapid developm ent of the infection than normal ce ll recip ients  

or untreated controls. Treatment of the ce lls  with anti-theta anti­

serum  or transfer into deprived recip ients did not rem ove this effect.

It seem s likely that the immune ce lls  or antibody produced by the c e lls  ~



in itially  exerts a stim ulatory effect on the parasite -  thereby 

accelerating  its  growth.

Prehn (1971) suggested  that the immune reaction  to tumours 

might be biphasic -  a mild reaction  stim ulating growth, and a 

strong reaction  being cytotoxic. He found that when sm a ll numbers 

of immune spleen  c e lls  were m ixed with tumour c e lls  and inoculated  

into m ice which had been "crippled" by thymectomy and x-irrad iation , 

-  tumour growth was accelerated . However, larger num bers of 

c e lls  produced inhibition (Prehn, 1972). More recently  Shearer 

et a l. (1974) dem onstrated that tumour c e lls  exposed to antibodies 

sp ecific  for c e ll  surface antigens m ultiplied more rapidly than 

control c e lls  in v itro . Antibodies that w ere stim ulatory at low 

concentrations w ere cytotoxic at high concentrations. It seem s  

likely that analogous m echanism s could operate in the present 

situation. In fa c t, Prehn (Prehn and Lappe, 1971) predicted that if 

the immune resp on se to a tumour proved to be b iphasic, then a 

sim ilar situation would obtain in relation to parasitism .

Treatm ent of immune c e ll  donors with Cyclophosphamide - 

a p ro cess  which is  known to a ffect B -c e lls  mainly (Turk and P oulter, 

1972; Stockman et a l . ,  1973) sev ere ly  impaired the ability of immune 

c e lls  to transfer re s is ta n ce . Recent evidence su ggests that 

Cyclophosphamide might a lso  affect T -ce ll mediated immunity 

(Cole et a l .,  1972; Jokipii and Jokipii, 1973), the production of 

mononuclear phagocytes (Van Furth, 1974) and antibody dependent 

ce ll mediated cytotoxicity (Clark, 1974). Hence the les io n  in these
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anim als may not be as specific as was originally  suggested.

H owever, anti-theta antiserum treatm ent of the immune 

spleen c e ll  population did not abrogate the capacity of these ce lls  

to transfer immunity, thus indicating that thymus processed  ce lls  

w ere not d irectly  involved in the adoptive transfer of immunity 

observed. This resu lt is  consistent with an earlier observation by 

Stechschulte (1969b), who found that thoracic duct lym phocytes 

(which co n sist of 80 to 90% T cells) from  rats recovered  from  

P . berghei infection lacked the ability to transfer immunity.

T hese findings indicate that the effector c e lls  in the passive  

transfer experim ents are non T ce lls . Such c e lls  might be B axis 

c e lls  or belong to the m onocyte-m acrophage se r ie s . T hese ce lls  

could exert their effects either by the production of humoral 

antibody, or by means of opsonic or cytotoxic m echanism s which 

are antibody dependent. However, as hum oral antibody by itse lf  

i s  of lim ited  effect in transferring immunity passively , when 

com pared with immune lymphoid ce lls  it seem s unlikely that the 

ro le  of such c e lls  would be exclusively on e of antibody production; 

rather, it see m s likely that these ce lls  m ight a lso  subserve cyto­

toxic or opsonic functions.

The evidence for macrophage m ediated opsonisation in 

m alaria r e s ts  largely on the h istological findings of T aliaferro and 

Mulligan (1937) who observed parasites in  various stages of digestion  

within m acrophages of the reticuloendothelial system , and on the 

more recent observations of Brown (1971) and C risw ell et a l .  (1971).

T '
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Brown showed that in the presence of a weakly opsonizing seru m , 

m acrophages from  BCG treated Parkes m ice phagocytosed P. knowlesi 

infected red  c e lls  more readily than normal m ice , while virtually  

no phagocytosis occurred  in the absence of opsonizing antibody. 

C risw ell et a l . (1971) reported that the rate of destruction of para­

sitized  c e lls  im planted in M illipore chambers in P. berghei infected  

m ice , w as considerably increased if the M illipore cham bers a lso  

contained m acrophages. However, as both these w orkers used  

unfractionated peritoneal c e lls  as their source of "m acrophages", 

the r e su lts  of th ese  experim ents can be interpreted d ifferently. 

Further, the p resen ce  of p arasites or parasitized  c e lls  within m acro­

phages (T alia ferro  and Mulligan, 1937), need not n ecessa r ily  mean 

that opsonisation i s  the sp ecific  immunological p ro cess  by which an 

infection is  controlled . Opsonisation could be preceded by cyto­

toxic or antibody mediated p ro cesses  which might damage or 

inactivate the p arasite  before opsonisation occurred. More 

recently  Lourie and Dunn (1972) reported that rabbit anti macrophage 

serum  (ra ised  against adherent peritoneal exudate ce lls) had no 

effect on the co u rse  of a P. berghei infection in ra ts . C learly it 

is  important to exam ine the ro le of opsonisation in these infections  

in greater d eta il, possibly using better defined c e ll populations.

The non T effector c e lls  might equally w ell exert their 

effects by a cytotoxic mechanism; the manner in which non T c e lls  

exert cytotoxicity has received  much attention recen tly  (see  

MacLennan, 1973; Forman and M oeller, 1973; Cerrotini and
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Brunner, 1974). These c e lls  have no affinity for target ce ll antigens 

as such, but are triggered into cytotoxic activity by antibody 

com plexed to target c e ll  antigens. The process is  com plem ent 

independent.

The p rec ise  nature of these non T effector c e l l s  is  contro­

v ers ia l. They are thought to be non adherent, non phagocytic c e lls , 

with receptors for the Fc part of antigen-antibody com plexes  

(MacLennan, 1972; M oeller and Svehag, 1972; Perlm ann et a l.,

1972) as w ell as receptors for complement (Perlmann et a l .,  1973; 

van Boxel et a l .,  1973); whether these ce lls  are B c e l l s ,  or belong 

to a so  far unidentified population of non T ce lls  has not yet been 

reso lved . Greenberg et a l. (1973) found that the effector ce ll was 

a non immunoglobulin bearing ce ll and suggested it w a s  a member of 

the monocyte s e r ie s , while Forman and Moeller (1973) have 

suggested that these c e lls  are a sub-population of B c e l l s ,  which 

p o sse ss  surface immunoglobulin and are activated by LPS 

(Lipopolysaccharide) and S il l  (Pneumococcal polysaccharide type n i).

Although the phenomenon of antibody dependent cytotoxicity 

has been investigated largely using antibody coated target c e lls  and 

normal lymphoid ce lls  in v itro , it is  thought that the ly s is  of untreated 

target ce lls  by immune lymphoid ce lls  operates in a sim ilar  manner 

(see Cerottini and Brunner, 1974). The mechanism would involve 

production of antibody by antibody forming ce lls , binding of this 

antibody to target c e lls , and the destruction of such antibody coated 

c e lls  by effector ce lls  carrying Fc receptors. (H ence for immune



lymphoid c e lls  to be effective they m ust contain effector c e lls  

with Fc re cep to rs  and anti target c e ll  IgG producing ce lls .)

Evidence that immune lymphoid c e lls  can exert such cytotoxic  

effects h a s  com e from  a number of investigations (Van B oxel et a l.,  

1972; D ennert and Lennox, 1972) although the effector c e ll  has been  

variously identified by these w orkers.

Other lin es  of evidence lend further support to the possib le  

occurren ce of such a mechanism  in m alarial infections.

1. In r a t s ,  c e ll  populations which a re  known to contain large numbers 

of these effector c e lls  e .g . spleen c e l ls ,  are the m ost effective in 

transferrin g  immunity to P . berghei passively , while thoracic duct 

lym phocytes which contain many T c e lls  and a lso  som e antibody 

forming p recursor c e lls  but no effector c e lls  (MacLennan, 1973) 

lack com pletely  the ability to transfer immunity to P, berghei 

(Stechschulte, 1969b). Further, the ability of an immune serum  to 

transfer som e m easure of protection to non-im mune rats is  

d rastica lly  reduced if the recip ients are sp lenectom ized (Brown,

1. N. - p erson al communication) before serum  transfer.

2. The tran sfer  of immune spleen c e lls  from ra ts recovered  from  

P. b ergh ei infection to non immune recip ien ts leads to the formation  

of high le v e ls  of protective antibody in the recip ien ts. Fractionation  

of these p rotective antibodies has shown they are largely of the IgG 

c la ss  (P h illip s  and Jon es, 1972). The importance of the IgG type 

antibodies in m alaria l infections w as further dem onstrated in the 

present study where it was shown tha; while intact CBA m ice



produced high lev e ls  of IgG^ and IgGg antibody - the production of 

such 7S antibodies was severely  depressed in "deprived" mice 

which always succumbed to a P . b. yoelii infection. The production 

of IgG antibodies is  thymus dependent and their role in antibody 

dependent ce ll k illing could account for the overall thymus dependency

of the immune response in malaria.
3

3. Depletion of C in ra ts , does not affect the immune response to 

P. berghei infection (Diggs et a l .,  1972), hence the immune 

m echanism  is  probably complement independent.

Although the resu lts presented here and other evidence cited  

su ggests that antibody dependent cell killing might be operative, it 

does not constitute unequivocal evidence for the participation of this 

m echanism  in m alarial infections. The importance of IgG antibody 

and the occurrence of synergism  between such antibody and non T 

effector c e lls  might w ell be interpreted in term s of an opsonic 

rather than a cytotoxic mechanism. It would seem  necessary to 

carry out definitive experim ents to differentiate clearly between 

these two p ossib ilitie s; particularly important would be to deter­

mine whether unprimed, T ce ll depleted lymphoid ce ll populations 

can exert cytotoxic effects on parasitized RBC, in the presence of 

antibody.

Even though non T c e lls  appear to be the main effector ce lls  

in the passive transfer of resistance from recovered m ice to non 

immune recip ien ts this does not ruie out the possibility that T ce lls  

could a lso  play a cytotoxic ro le  earlier in the infection. It was



demonstrated using the T6 T6 chrom osom e marker that infection  

with P. b. yoelii tr iggered  off a vigorous m itotic respon se in the 

T c e ll pool. Although the significance of such m itosis is  uncertain  

it could, in part, be indicative of cytotoxic activity in the T c e ll pool 

during an active infection . Such a pattern of r e sp o n ses , i .e . activity  

in the T ce ll pool early  in the response followed by a sh ift of such  

activity to the non T c e l l  pool, would be in accordance with the 

cellular changes seen in  the sp leen , and has been reported in other 

situations as w ell. Notably, Lamon et a l. (1972) who studied the 

nature of cytotoxic c e l l s  in m ice bearing Moloney Sarcom a Virus 

(MSV) induced tum ours, found cytotoxic T ce lls  just prior to tumour 

development and soon after regression , but later on cytotoxic activity  

was mainly confined to the non T ce ll compartment.

It must however be rem em bered that m alaria p arasites  

are present in the peripheral blood, both a s  intracellular and extra­

cellular form s (m erozo ites). The immune m echanism s which 

operate against the two stages could be fundamentally different.

While cellu lar m echanism s of the type d iscussed  could be of prim e  

importance in attacking the intracellular sta g es, it is conceivable  

that humoral factors m ight be more important in immune m echanism s 

directed against the m erozo ites. Cohen’s  observation (Cohen et a l .,  

1969) that serum  antibody inhibited parasite replication in vitro by 

preventing m erozoites from  invading RBC would be consisten t with 

such a hypothesis.
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This study was initiated to define certain fundamental 

asp ects of the host parasite interaction in murine m alaria.

Although many basic features of the h ost response have been  

revea led , there is  clearly  much that n eed s to be studied, before the 

ultim ate goal of immunological investigations - effective immunization - 

can be achieved. In this chapter, the d iscu ssion  of certain  features  

of the host resp on se w ill be extended, and an attempt w ill be made 

to indicate those aspects of the host p arasite  interaction which need  

to be analysed  further, to obtain a m ore com plete understanding of 

the immune respon se to this infectious agent. Some of the d is­

cussion  w ill n ecessa r ily  be speculative, but it is  hoped that such 

speculation w ill provoke further experim entation and testing out of 

the ideas presented.

The murine m alaria parasites, like many other infectious 

agents, appear to provoke a wide range o f responses in the host, 

but the exp ression  of immunity at any one point is  probably critica lly  

dependent only on a few of these re sp o n ses . The resp on ses pro­

voked include effector responses d irected  against the parasite and 

suppressor resp on ses which mediate non specific suppression of the 

immune resp on se to other antigens, and in  som e instances a lso  seem  

to suppress the response to the parasite itse lf . The outcome of any 

particular infection therefore appears to b e dependent on a balance  

between such effector and suppressor resp o n ses .
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EFFECTOR RESPONSES

V arious lines of evidence indicate that in the m ouse, T 

c e lls  play a central ro le  in effector m echanism s directed against 

the parasite. T ce ll deprived m ice are unable to generate an 

effective resp on se to P . b. yoelii while anti thymocyte serum  (ATS) 

treatm ent a lso  ser iou sly  im pairs the h ost response. Reconstitution  

of T ce ll deprived m ice with syngeneic, chrom osomally labelled  

thymus grafts r e su lts  in restoration of immune resp on siven ess, 

and the labelled  T c e lls  show a vigorous proliferative response  

during P. b. y o e lii infection. Mice reconstituted to different lev e ls  

of immunocompetence with thymus grafts show corresponding 

degrees of immune respon siven ess to the parasite. Hence, there 

is  little  doubt that T c e lls  are essentia l for the generation of an 

immune resp on se . On the basis of h istological and serologica l 

observations, and the re su lts  of passive transfer experim ents it
xJtigiA

seem s clear that this T ce ll dependency is  at least in part related  

to antibody production, and that this T-dependent antibody acts 

syn erg istica lly  with a non T ce ll in an effector response directed  

against the p arasite. However there a re certain asp ects of the T 

ce ll response which need to be examined more cr itica lly .

F ir s t , it is  im perative to determine unequivocally whether 

T ce ll activity in these infections is concerned exclusively  with 

antibody production, or whether an antibody independent direct T 

ce ll cytotoxic component is  a lso  involved in controlling an infection. 

It would be usefu l to carry out direct cytotoxicity testing with

l !  • I * ; i , -



fractionated ce ll populations (using Cr re lea se  or the m icroplate  

assay) both during and after recovery from a P. b. yoelii infection . 

The failure of P hillips £ t al. (1970) to demonstrate a cytotoxic effect 

on P. knowlesi parasites with sen sitized  lymphocytes need not 

n ecessar ily  imply that such m echanism s are lacking in a ll m alaria l 

infections. P, knowlesi is  known to cause a fulminant infection in 

the rhesus monkey killing it in 8  to 10 days. Hence this infection  

might inhibit T ce ll activity o r , if in fact T ce ll cytotoxic activ ity  

i s  elicited  only during an active infection it may not have been  

detectable in the drug treated recovered  anim als used in th ese  

experim ents.

It would a lso  seem  important to determine the p rec ise  

nature of the targets against which T ce ll dependent effector 

respon ses are directed. It is  not known at present whether a ll 

erythrocytic stages of the parasite are equally susceptible to  the 

effects of immunity, or whether immune responses are d irected  

specifica lly  at any particular developmental stage. A number of 

w orkers have suggested that the mature form s of the p arasite  are 

m ore sen sitiv e  to the effects of immunity (reviewed by Brown, 1969) 

but there is  no d irect experim ental proof that protective immune 

respon ses are directed against these stages. Certain observations  

on the so called  "crisis forms" of the parasite are perhaps re levan t 

in this connection. In P. florid se  (Thompson, 1944) and 

P . brasilianum  (Taliaferro and T aliaferro, 1934) infections, at the

51

tim e of c r is is  - when an antiparasitic response becom es apparent -
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a marked reduction in the number of m erozoites per schizont has 

been observed; while in P . ovale an increase in m erozoite numbers 

has been reported  in humans and chimpanzees which relapsed  after 

splenectom y (Adler and Zuckerman, 1952; B ray, 1957). Further, 

large vacuoles and altered  staining reactions to Romanowsky sta in s  

in the mature form s of P . floridse w ere observed at the tim e of 

c r is is .

T h ese observations could mean that som e component of 

the immune re sp o n se  a cts  by interfering with parasite reproduction  

during sch izogony. Antibody alone is  thought not to affect the intra­

cellu lar s ta g e s  of the parasite (Cohen et ad. , 1969), but antibody 

mediated e ffe c ts  on the dividing parasite could be preceded by cyto­

toxic re sp o n ses . It is  possib le that initially the host RBC (contain­

ing a mature p arasite  -  possibly an early schizont) rather than the 

parasite it s e lf ,  is  the target of cytotoxic m echanism s directed  

against antigens exp ressed  on the surface of the parasitized  ce ll. 

Such cytotoxic resp o n ses (possibly mediated by T c e lls  during the 

earlier part of an infection and by non T ce lls  la ter , and on recovery  

from a prim ary infection) might not be effective by them selves but 

could serve to expose the mature parasite to the external environ­

ment. If th is  environm ent contained high leve ls  of antiplasm odial 

antibody, the antibody could enter the damaged red  blood ce ll and 

interfere with the asexual phase of m ultiplication.

It w as a lso  observed during this investigation that immune 

lymphoid c e l l s ,  in itially  appeared to have a stim ulatory effect on
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parasite growth - an observation in agreem ent with Prehn's immuno- 

stim ulation hypothesis (Prehn, 1971a). If in fact a low level of 

immune reactivity stim ulates parasite growth it would have important 

im plications in p ersisten t m alarial infections. It might a lso  be 

indicative of a fundamental difference between weakly and strongly 

antigenic p arasites. While the form er would e lic it  an immune 

response that stim ulates parasite growth, the strongly antigenic 

p arasites would evoke a response which inhibits growth.

SUPPRESSOR RESPONSES

These infections a lso  appear to trigger off a ser ie s  of 

suppressor m echanism s which reduce host immunological reactivity.

It was suggested  in earlier sections of this th esis  that various 

factors such a s antigenic competition, infiltration of T dependent 

areas and consequent changes in ce ll relationsh ips, elevated steroid  

lev e ls  and thymic atrophy, and direct inhibition of T ce ll function 

might be responsib le for som e of the suppressive effects observed. 

C learly it is  important to study these and other relevant mechanism s 

in greater detail, and define m ore precisely the manner in which 

they m ediate their suppressive or regulatory effects.

For instance antigenic competition is  probably of considerable 

importance in the transient non specific suppression of immune 

function observed in P . b. yoelii infections. However, the effects 

of antigenic com petition could be due to a number of different 

factors (reviewed by P ross and Eidinger, 19 M). Much attention



has been focussed  recently on the possibility that in a com petitive 

situation sp ecific  suppressive factors may be re lea sed  by activated  

T c e lls  (see  P ro ss  and E idinger, 1974) or suppressor T c e lls  

(G ershon, 1974). It would be important to determ ine whether such 

m echanism s operated in m alaria l infections.

A lso  relevant to the dep ressed  T ce ll reactiv ity  observed  

in th ese  infections is  the work of Scott (1972a & b) on Coryne 

bacterium  parvum treated m ice. These m ice showed severely  

d ep ressed  PHA resp on ses in sp leen  and peripheral blood, and 

certain  other T ce ll functions w ere  also d epressed . Scott has 

presented  strik ing evidence that the inhibition of T ce ll responses  

is  due to increased  activity and possibly a qualitative change in the 

m acrophage population. M alarial infections are a lso  known to cause 

increased  macrophage activity a s  judged by carbon clearance in m ice 

(Greenwood et a l . ,  1971) and r a ts  (Elko and C antrell, 1970). It 

would be useful to examine the p ossib le  im plications of such hyper­

activity in the light of Scott's observations.

It was demonstrated during this investigation that 

P. b. berghei infections elicited  lim ited T ce ll m itotic activity, and 

that th is a'-Mvity faded com pletely despite a p ersisten t infection.

It was suggested  that the non sp ecific  failure of immunity observed  

in th ese infections might have been secondary to a  specific failure 

of immune respon siven ess to the parasite. It is  n ecessary  to 

determ ine whether this failure o f immunity was m erely due to the 

inability of the parasite to induce an effective T c e ll  respon se, or 

whether in fact the parasite active ly  "switched off" T ce ll function.



The p ossib ility  that som e form  of antigen induced paralysis or 

blocking of lymphocyte function may have been responsible was 

d iscu ssed  ear lier . In the tumour situation (where d irect T ce ll 

cytotoxic responses are the main effector m echanisms) it i s  now 

established  that serum  factors (antigen-antibody com plexes, antigen, 

or antibody) can block T ce ll responses (reviewed by H ellstrom  and 

H ellstrom , 1974). Either an efferent form of blocking in which 

there is  blindfolding of target ce ll antigens or a more central form  

in which T ce ll activity is  blocked by anti gen-antibody com plexes 

or antigen alone is  thought to occur, but the latter form of enhance­

ment appears to be the m ore important in the host tumour relation ­

ship.

The im portance of analogous mechanism s during m alarial 

infections and their significance as escape m echanism s for the 

parasite have not been exam ined in any great detail. However, 

Jerusalem  et a l. (1971) reported that Swiss m ice developed con­

siderably enhanced P. berghei infections if the mice were repeatedly  

vaccinated with non viable antigen prior to infection. Mice treated  

with anti thymocyte serum  (ATS) during immunisation did not develop  

enhanced infections. Blocking of effector lymphocyte function might 

be one o f the methods used by malaria parasites to inhibit immune 

resp o n ses. W ilson’s  (reviewed by Wilson, 1974) demonstration of 

large quantities of soluble antigen during P. falciparum infection is  

interesting in this connection, since such antigen acting either alone 

or com plexed with antibodies might be involved in the blocking of



Suppressor c e lls  may a lso  be involved in the apparent 

"protective" effec ts  of m alaria on the developm ent of autoimmune 

d isea se  in the NZB m ouse (Greenwood and V o ller , 1971). It is  now 

thought that m ost autoantigens which circulate in low doses induce 

unresp onsiven ess in specific populations of T c e lls  but not B c e lls  

(A llison , 1971; W eigle, 1971). It has been suggested  that NZB m ice  

a re  sp ecia lly  prone to autoimmune d isease b ecau se  their T c e lls  a re  

res is ta n t to to lerance induction, and that T c e l l  functions in these 

m ice (including regulator and suppressor functions) decline rapidly  

with age. Gershon (1974) has d iscussed  the p ossib ility  that both T 

c e ll  helper and suppressor effects are m ediated by Tg type c e lls ,  

and that NZB m ice are largely incapable of functions ascribed to T2  

c e lls .  It is  tem pting to speculate on the p ossib ility  that the ability  

of m alarial infections to markedly delay the o n set of autoimmune 

d ise a se , might be due to the parasite tr iggering off the production 

of suppressor elem ents in which these mice appear to be deficient.

CONCLUSIONS

It can thus be seen that while T c e lls  are crucial for the 

generation of a protective response against the p arasite, the p arasite  

itse lf  can trigger off a range of mechanisms which damp down T c e ll  

activity resu ltin g  in either a non specific d ep ression  of respon siven ess

lymphocyte resp o n ses . A lternatively, so lub le antigens might

induce the proliferation  of suppressor ce lls  which may exert d irect

suppressive e ffec ts  on the response to the p arasite .
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to  certain antigens or possibly a specific suppression of the response

to the pathogen itse lf . Hence it would appear that the ability of a

p arasite  to suppress or modulate T ce ll dependent effector respon ses
/

i s  fundamental to its  survival in the host. This situation does not 

appear to be unique to m alaria. It is  likely that broadly sim ilar  

m echanism s operate in d iseases such as Lepromatus Leprosy and 

D iffuse Cutaneous Leishm aniasis (DCL), the sev ere  form s of these  

sp ectra l d isea ses . A greater understanding of factors which 

stim ulate and suppress T ce ll activity in m alarial infections and 

their relevance to the development of protective immunity is  v ita l 

fo r  a more com plete understanding of the host parasite interaction, 

and an essen tia l prerequisite before effective immunisation is  

achieved; a vaccine which fails to stim ulate a T ce ll response would 

b e of little  value if the development of resistan ce depended cr itica lly  

on such a response.

There is  clearly  much work to be done on the immunology of 

m alaria before this d isease  is  brought under control, and it is  likely  

that the murine m alarial models used in this investigation w ill play 

a significant role in future developments in this field . It is  

heartening to note the increasing aw areness of the dim ensions of the 

problem  presented by m alaria and other parasitic d ise a ses , and of 

the potential inherent in the application of the newer im m unological 

concepts to these parasitic d iseases. The increasing number of 

im m unologists turning their attention from the theoretical com plexities  

of the immune response to the equally challenging problem s presented
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