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. o OABSTRACT b »

N

Immunological aspects of concomitant ihnfections of T. sgiraﬁs\
and %. lewisi have been studied in the rat. Immunopotentiation towards T.
lg_v_:_ﬁi_ occdrs when rats are chal 11\enged with trype{r;osomes after an infec~
t’ion with 'l_” spiralis, such that the development of peak trypanosome
parasitepﬁa is inhibited.in nema*tgde-ilnfec/ted rats. Splenectomy prior to
the chQHenge infection »:n'th T. lewisi abrogates this cross-pro::ection.
Immunopotentiation during Trichinellosis is dose dependent and transient.

Primary infections with T. .spiralis do \not enhance or suppress

ablastic or trypanocidal antibody responses to T. lewisi. However, immuni-

zation with a soluble antigerr"extract‘of T. spiralis muscle larvae enhances

+ i

" trypanosome infections and supprcsses acquired humoral immunity/(}o T. lewisi.
A P

A comparative study of parasite antigens did not reveal any cross-reactivity.
Th“e granulopectic activity of the RES is enhanced during Tm’ch}ineT-
- Josis; this stimulation is correlated with the time and level of parasitism
yielding a maximum ir\nmunopotentia@ioﬁ towards T. lewisi. Rats immuni zed with
. BCG show a similar potentiation of immunity to T. lewisi, suggesting the im-
portance of a stimulation of non-specific celi-mediated @\ity or RES act-
ivity in these interspeciﬁc} interacti‘éﬁs.‘ Immunization with only the parent-
eral, newborn larval. stages of T. spiralis also induces immunopptentiation
in the rat.
A studj{ of the phagocytic activity of peritoneal and splenic macro-
phages from nematode-infected rats did not demonstrate er/mhanced phagocytosis
/

of trypanosomes by these cells in vitro.

Some possible mechanisms of immunopotentiation are discussed in

relation to the 1ife cycle of T. spiralis and acquired immunity to T. lewisi.’

o}
°
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L'aspéct immunologique d'une infection concomittante a partir
de T. gpiralis et T. lewisi a étg etudié chez le riat en 1a)30rato1're. Une
immunostimulation dirigée ;:ontre T. lewisi apparait lorsque les rats son;;
infectés avec T. spiralis au préalable. Cette stimulation est remarquable
p.uisqu'eﬂe réussit a inhiber la phase principale de développement des ‘
'trypanosomes. Par contre, 1a splénectomie des rats effectu€e avant 1'infec-
t1"on avec T. L@y_ﬁ_]_ annule cette protection croisée.OQe plus, cette immuno-
stimulation caus&e par T. sgira]\is’est dépendante de la dose et transitoire.

Une infection primaire avec T. .sgirafis n'augmente pas et ne
supprime pas 1'activité de ]'ab]aitine de méme que 1'activité des anticorps
anti-trypanosome. Toutefois, des rats immunisi,s avec un extrait antigénique
préparé a partir de larves musculaires de Trichinella supprime 1'activ1’t§
humorale d:J systeme immunologique contre T. lewisi, ‘augmentant ginsi
1"importance de 1'infection. Une étude compara/tive des structures antigé-
m’ques° des deux parasites ne révéle auc;me activité croisée.

L'activité granulopectique de systéme réticuloendothélial (SRE)
est augmentée durant la Trichinellose. Cette stiniu]ation est en corrélatioh
avec la phase' de développement de T. lewisi stimulant la répoﬁ%‘e immunitaire
a son maximum. Des rats immunisés avec BCG montrent une protection similaire
b

contre T. lewisi. Ce résultat met en évidence 1'importance de la stimula-

tion non-spécifique de 1a réponse cellulaire ou bien 1'd@ctivité du SRE

~
-

dans de tels systémes. L'immunisation des rats & partir des larves dé T.

spiralis nouvellement nés peut indyire yne immunostimulation comparable.
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L'activité phagocytaire étudiée in vitro, des macrop‘g\ages N
péritqnéaux et spléniques prélevés chez des rats Tnfectés avec le o =
| . '

nématode n'a pas démontré&e une plus grande affinité pour T. lewisi.

. Des méchanismes possibles pouvant expliquer cette immur)o-

.

stimulation sont proposés en’tenant compte du cycle de vie de Trichinella

et 1'immunité acquise contre 7. lewisi.
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PREFACE - | i

’
\ ¢

. This project was begun in 1973 as a result of the seren-
dipitous discovery by my thesis supervisor, Dr. E. Meerovitch, that

rats infected with Trichinella spiralis were sometimes refractory to

a-challenge infection with Trypanosoma lewisi. A preliminary study of

this phenomenon, conducted in the fé]] of 1973, confirmed this effect
and demonstrated that rats infepted with T. spiralis for 30 days’were
partial]xﬂprotected against a ché]]enge infection with T. lewisi. This
cross-protection was manifested’byia significant inhibition of’the
-development of trypanosome parasitemias in congomitant]y infected rats
(Meerovitch qnd Ackerman 1974), r ‘ W
o The research presented in this thesis was séarted in January
1974 and was completed in September 1976‘at the Institute of Parasitology,
McGill University. The dissertation is organized into 10 chapters. In /w " g
order to provide éhe reader with an adequate background, a comprehensiyve
reyiew of the 11teré§yre, completed in November 1976, is presented in
the first four chapters. Chapter I is a g%nera1 introduction to the subi

Jject of concomitant p@yasitic infections and discusses some of the impor-

tant factors involved in an explanation of competitive, interspecific,

i
|

host-parasite interactions that occur during multiple (parasite) species

infections. Chapters II and III provide a review of a number of important

aspects of the life cycle and immunobiology of Trichinella spiralis and

Trypanosoma lewisi that are relevant to this thesis. The final review

chapter (IV) presents a discussion of some of the factors involved in a

stimulation of non-specific host resistance to parasitic infection and

neoplasia.




Q\Tﬁe ne*t five chapters (V-1X) .present détaj]s of the expéri-
mental work on concomitant infections of T. spiralis and T. lewisi in
the inbred rat. Each of these chapters has been organized into a separ-
ate iqtﬁoduction, materials and methods; results, and a pertinent discus-
sion. It should pe noted tn&t chapters Y-IX are in‘thé process of being
edited ¥o$ submission to a number of scientific journals for publication.
. Altered states of immunological responsiveness (immunosuppres—‘
sion and immunopotentiation) durihg experimental Trichinellosis have been
investiéated fof the first time qti]izing a model of concomitant infections

with the hemoflagellate Trypanosoma lewisi, and the nematode Trichinella

spiralis. Chapter V investigates the kinetics and some possible mechanisms

of cross-protection between these parasites and demonstrates the dose
dependency and transient nature of immunopotentiation in Trichinellosis.

»
Cross-protection is not due to an antigenic cross-reactivity or the pre-

N i
\ ' ' ’

sence of non-specific agglutinins or lysins in the serum of infected rats.

The granulopectic activity of the reticuloendothelial system (RES) is shown

.

to be enhanced dhring Trichinellosis in the rat and this stimulation is -
corre]é%ed with the time and level of parasitism yielding maximum immuno-
pdtentiation towards T. lgyiéj, Splenectomy prior to the challenge infec-
“tion with trypanosomes is shown to abrogafé this cress-protection. Chapter
VI explores the mechanism of immunopotentiation in this system and evidence
is presented that cross-protection is not due to a functional alteration
in the acquired humoral immune response of the rat to T. lewisi. Chapter
investigates for the first time, the role of’specific developmental

stdges of the 1ife cycle of T. spiralis in immunopotentiation, and demon-

strates a requirement for 1iving parenteral, newborn larval and encysted

f .

ot .
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~intracellular muscle stages in the induction of this phenomenon. Immuniza-

tion of rats with a soluble antigen extract of T. spirali§ muscle larvae

* does not stimulate cross-protection, and instead is shown to enhance try-

panbsome infections and to suppress the development of acquived humoral
imm'uni;cy> to I ]_gygﬂ In a comparative study presented in chapter VIII,
rats, immunized with BCG show a sim?'],ar'~ potentiation_nv?f i/mmum'ty‘to T. ;gy_i_s.i,
suggesting the importance of a stimu]atioﬁ of non-specifié cell-medigted
ihmun’ity or RES activitiy in these interspecific interactions. A study of

the phagocytic acti\}ity' of peritpneall and splenic macrophages from nematode—'
infected rats in chapter IX, however, failed to demonstrate\_a correléfion
betwee_n ‘enhanced phagocytosis of trypanosomes by these cells _mm and
iﬁxmunopotentiation towards T. lewisi l‘p:\ﬂyo. The concluding chapter ()i) v

-

presents a summary and discussion of some possible mechanisms gf immuno~

potentiation in relation to the 1ife cycle of T. spiralis and acquired
immunity to T. Yewisi.
It is hoped that the research preserited in this dissertation has

done j ticé] to an experimental approach that utilizes concomitant infec-

tions to investigate basic immunological pheriontna in parasitisml. /

-




* . i’h.‘j'&% . !
. ¢ . , ’ o
y: . 1’?
. . ACKNOWLEDGEMENTS .
‘ .. l:’ . . o
/
The research presented in this thesis was conducted at the y

Institute of Parasitolagy of rqcém University under the supervision of
Dr, E. Meerovitch, to whom I am grateful. I was given total liberty in

the concept%on and realization” of my research project, and at any given

el

moment, facilities, research funds, and constructive criticism were .readily

available. AN : .
. ' )
{ am most gratefu] to Dr. Gaetan Faubert for his enthusiastic

a

1

interest in my research and progress, for va'luab1e and ﬂlummatmg scien-
tific discussions and collaborations during the course of my research and

degree i)rogranl, and for providing a most excellent translation of the thesis

-~

$
. R [ \ . N ' . .
I am a}so grateful to Dr. C. E. Tanner for his.time and qinterest
L ’ ’ [
as my acting Supervisor during_the sabbatical year of Dr. Meerovitch. I am

abs'tract.

. equally grateful to%r. J. M/c'Lauthn for many stimulating disgussiops, con-
stft);tive criticisms, and .iqstruction in the prl'eparation of parasite anti-

gens, and ibnmunoelectrophoretic and seec\tmphgtomé“tric techniques ggsed in

this study. ‘

Spec1a1 thanks are due to Dr. R. Harpur for many provocatwe

o

discussions on expemmenta] design and stat1st1ca1 analysis of results, to
Mr. G. B1)'ngham for his dﬂigence and expertise in the maintenance of experi-
meﬁta] animals, and to Ms. S. Dirienzo for her tecbm'ca] assistancel in stain-
1 ing slides and taking spectrophotometer readin§s during the long gruelHn.g
hou;*s requi@red for the count\ing of trypanosomes and for the-carbon clearance
assay. a

I am also indebted to Dr. N.A. 'lel, director of the Institute,

/

,
b \

.

\




, I,
Ry M : ”\. o
- j

. of Parasitology,,{’or his continuing supvpprt and constructive advice . ) T
during my Segree ‘program, and to Mrs. K. M. Hall and Mrs. M. L_éduke R o b

ﬁ ‘ " for their batience, cooperat%‘on‘, and able administrative assistance.:
| - Lastly., Ionu]d like to extend my thanks to each and every
* member-of the Institute (staff, student, or fri{end) without whose con- : 2
tinued support and intené’S\t\, this work might nc;t have yprogressed so well.

1

- " The financial support from the Institute of Parasitology and .

o . . .
\ the Lynden Laird Lyster Meporial Foundation is greatly appreciated.
1 . .
] ' , ! ! s
4 ‘ - )
L | ' .
- [ - a
3 P
; A ) :
Y \ ' ' i ‘ L
3 S b . . : ’ ) © e |
- . — \ , g
4 [}
. /
1!1 * ’;
; .
Ril . : " k. ™}
NI . . )
‘ . - 5‘\' ¢ v
~ ;f b
‘3% %
L4 N . v, 1\ .
“ 1 N
N s '
& ¢ ’ ‘ ~
¥ r M "

L2




b
1
.
4.
I
(8
! Q
"
- ' * )
¢ i
, ‘w
™~
\
] K"f"
| &
é 3

4

, TABLE OF CONTENTS 9
| , . ‘ / ‘ " page
TITLE PAGE... e euureaeeererennnrecnnnens e e i
S Yo P R IR
ABREGE..... T P U £ 5
SHORT TITLE. .. euenaeennnecnnesnnnneneonnnceeioceenesunnnss o+ V.
2 Y U N P § vi
ACKNOWLEDGEMENTS . ..« v veneevnnnennennnens R . ix
TABLE OF CONTENTS....eevvnnn. reereeteeaes e e - xi
LIST OF FIGURES....0vvuenn.. P S e o xvi
LIST OF TABLES . veveevrnrevrvuneeeannenesnnassneonsasnsnsssne C xvidd
CHAPTER ,
1. CONCOMITANT PARASITIC INFECTIONS: AN INTRODUCTION
T £ P 1
A INTRODUCTION. .+« e e vveneeenanseeanneeennnennneeens
B. HOST-PARASITE INTERACTIONS IN CONCOMITANT PARASITIC
INFECTIONS....... e, . 1
", EXPLOITATION OF COMMON HABITATS IN THE HOST..... 7
REACTIVITY OF THE IMMUNE RESPONSE........ce..... 7
x ANTIGENIC CROSS-REACTIONS. ... .'uueenrnnrnnnnnnn 8
1I. TRICHINELLA SPIRALIS: A LITERATURE REVIEW.......... 10
A. THE NEMATODE. « « v e venmeneeenneennnee enenenennes 10
INTRODUCTION AND TAXONOMY. ... ...vu.n... AU 10
LIFE CYCLE AND COURSE OF INFECTION.............. 11
TRICHINELLA SPIRALIS: AN INTRACELLULAR PARASITE.  « 14
B. ALTERED IMMUNOLOGICAL RESPONSIVENESS IN ‘
TRICHINELLOSIS . - vt n e eeee e e e eenenenens 16
INTRODUCTION. « v e e v e eeeeee e ereeeeeeeanens e 16
IMMUNOSUPPRESSION IN TRICHINELLOSIS............. : 20
IMMUNOPOTENTIATION IN TRICHINELLOSIS....i..... . 25
111. TRYPANOSOMA LEWISI: A LITERATURE REVIEW........... " 33
_ A. THE TRYPANOSOME............. e " 33
INTRODUCTION AND TAXONOMY, .o vvveeeeennerennnns. , 33
LIFE CYCLE AND COURSE OF INFECTION. ............. ) 34
B. IMMUNOBIOLOGY OF TRYPANOSOMA LEWISI............. 35




g xii
/
\ - TABLE OF CONTENTS (cont'd)
‘CHAPTER Page
ACQUIRED HUMORAL IMMUNITY.......vvevinerveennnns 35
CELL-MEDIATED ASPECTS OF IMMUNITY............. ;. 41
. FACTORS AFFECTING THE IMMUNE RESPONSE........ 45
1) SPLENECTOMY AND RES BLOCKADE...... PR 45
2) BACTERIAL ENDOTOXINS.....eveereunrnn.. e 47
3) OTHER FACTORS. - «vveeeeeeereeenereanennans 48
: IV. ASPECTS OF NON-SPECIFIC HOST RESISTANCE TO .
- - PARASITIC INFECTIONS AND NEOPLASIA........... enen 49
’ , A. NON-SPECIFIC RESISTANCE TO UNRELATED ’
INTRACELLULAR PARASITES. ... e eneinreeneienennn. < 49
B. NON-SPECIFIC STIMULATION OF HOST RESISTANCE
_TO TUMORS BY PARASITIC INFECTIONS............ 53 -
O C. NON-SPECIFIC STIMULATION OF HOST RESISTANCE T
* ° IN CONCOMITANT PARASITIC INFECTIONS............. 55
D. THE RES AND NON-SPECIFIC RESISTANCE .
: TO TRYPANOSOMES...... e 61
! \ E. BCG AND OTHER IMMUNOSTIMULANTS IN NON-SPECIFIC
HOST RESISTANCE AGAINST PARASITIC INFECTIONS /
| AND NEOPLASTA. + v e s aeaneanaeaeneenenennnens 66 .
’ V. DEVELOPMENT OF CROSS-PROTECTION- AGAINST TRYPANOSOMA :
LEWISI IN RATS INFECTED WITH'TRICHINELLA SPIRALIS.. ' 74
INTRODUCTION -+« - v e ee e e eeeee e eeee e eeen 7
. MATERIALS AND METHODS . «.vueensnnnevenrrnnnrnnss 77
o 1) THE ANIMALS .« -« eveenmeeeeneeeaeeeeennns 77
. ! 2) THE PARASITES .« euuvenecannrnnnns. e, 77
) 3) ANTIGENS . « e v veeseeneeee e eenee e 79
4) ANTISERA......... M e ee et e aanea 80
5) ASSAY OF RETICULOENDOTHELIAL SYSTEM (RES) ‘
N Yo 477 1 2 I 82
6) HEMAGGLUTINATION AND HEMOLYSIN TITRATIONS 83 .
7) IN VITRO LYSIS AND AGGLUTINATION OF
TRYPANDSOMES. -+« e e eeeeeeeeeeemeeneeneenns 84
8) IMMUNOCHEMICAL ANALYSES........evuneennnn 84
& 9) SPLENECTOMY......cueuvenenn.. e 86

. L . .



o T NS :&mm.

T

e T i T TR VYT
:

CHAPTER
N

VI. THE EFFECT OF TRICHINELLA SPIRALIS ON THE DEVELOPMENT

TABLE OF CONTENTS (cont'd) '

10) EXPERIMENTAL PROTOCOLS
11) STATISTICAL ANALYSES.......l.....ivunnn.

RESULTS
DISCUSSION. .

--------------------------------------

-----------------------------------------

OF ACQUIRED HUMORAL IMMUNITY TO TRYPANOSOMA LEWISI

IN.THE RAT
INTRODUCTION. . o ev ettt e eeeeieeeieeeeeenenns .
MATERIALS AND METHODS

1) THE AMIMALS. . eunvvirerreeenrenenenernnnnn

RESULTS
DISCUSSION

|

.........................................

---------------------------

2) THE PARASITES.....coevveennnn. e
3) EVALUATION OF THE ABLASTIC ANTIBODY
RESPONSE TO TRYPANOSOMA LEWISI

-----------

4) COLLECTION OF SERA...vernerrirnnnnnnns.
" 5) IN VITRO TITRATION OF TRYPANOCIDAL
ANTIBODIES . -« e eeeeeeee e ee e
6) EXPERIMENTAL PROTOCOL.........euvuuvenn..
7) STATISTICAL ANALYSIS..........cvvuuvenn..

-----------------------------------------

......................................

VII. THE EFFECT OF IMMUNIZATION WITH AN ENTERAL OR
PARENTERAL INFECTION, OR A SOLUBLE ANTIGEN EXTRACT

OF TRICHINELLA 'SPIRALIS ON THE IMMUNOLOGICAL RESPONSE

OF THE RAT TO TRYPANOSOMA LE@ISI
INTRODUCTION. . v i e iiii it ieieeennennes .

MATERIALS AND METHODS

-------------------

---------------------------

1) THE ANIMALS...... e e Cevnnnn

2) EXPERIMENTAL INFECTIONS

..................

3) IMMUNIZATIONS. ... oot iiiiiieeanenanns

4l INDIRECT HEMAGGLUTINATION
5) EVALUATION OF THE ABLASTIC AND TRYPANOCIDAL

----------------

ANTIBODY RESPONSE.......ovvviiiennninann.

6) EXPERIMENTAL PROTOCOLS

-------------------

7) STATISTICAL ANALYSIS...... feeree e

N

N

PR g e IR N v e s o

Page
87

91

9
119

126

126
127
127
128

129
130
131
131
134

©-140

140
142
142
142
144
145

146
146

149°

#




e . : 3 )
E Xiv
E | | | TABLE OF CONTENTS (cont'd) .
CHAPTER ) ‘Pagg ‘
I RESULTS. .. eveen. e - 149
: DISCUSSION. « « e ee e e e et e e e e 167
VIII. THE EFFECT OF NON-SPECIFIC IMMUNIZATION WITH
; - BCG ON THE IMMUNOLOGICAL RESPONSE OF THE RAT .
: TO TRYPANOSOMA LEWIST. . ..ovneeene.. . e 7,
INTRODUCTION. ... . ... ST 172
, MATERTALS AND METHODS. .« oo eeeeeee e 179
. _ 1) EXPERIMENTAL INFECTIONS. .. evvveevnnnennn. 175
| 2) IMMUNIZATIONS WITH BCGurrnnvennenrnnnns. 175
3) ASSAY FOR DELAYED-TYPE HYPERSENSITIVITY.. 176
4) EVALUATION OF THE HUMORAL RESPONSE TO ‘
TRYPANOSOMA LEWIST . enres e ernnnnennneess N 177
' §) EXPERIMENTAL PROTOCOL......eeuveeenvenne. 177 .
6) STATISTICAL ANALYSIS....en.eeenneeennnnn. 178 “
RESULTS -« v e v eve e e e e e e e e e e e e 178
DISCUSSION. . ...... e 190

IX. THE PHAGOCYTIC ACTIVITY OF PERITONEAL AND SPLENIC
MACROPHAGES FROM TRICHINELLA SPIRALIS-INFECTED AND

BT SR T R B R (T T T T R SRR ey e B, L F T

BCG-IMMUNIZED RATS ON TRYPANOSOMA LEWISI IN VITRO.. 196
INTRODUCTION . « + v e e ee e e e e e eaeae 196
MATERIALS AND METHODS. ..« o veeeereevnrneeeonnnens 197

1) THE PATASITES, EXPERIMENTAL INFECTIONS, ‘
AND IMMUNIZATIONS -« vvennneenernnenennes. 197
/ 11 TRYPAHOSOMA LEWISI.ennveennenanennnns 197
S TRICHINELLA SPIRALIS. .. eeuveeennneenns 198
BACILLUS CALMETTE-GUERIN (BCG)....... 198
2) COLLECTION OF IMMUNE SERA................ 199

. 3) COLLECTION OF PERITONEAL EXUDATE
AND SPLEEN CELLS. -+ veenseeenneeneannns 200
\ PERTTONEAL EXUDATE CELLS.... e corooe. 200
, SPLEEN CELLS. . v veeee s mnenneneannnnn 200
) ) 4) PREPARATION AND CULTURE OF MACROPHAGE '

CELL MONOLAYERS. .« «uvveeenennnneeanenns 201

- 5) INCUBATIONS OF MACROPHAGE MONOLAYERS
WITH TRYPANOSOMES AND SERA......cmvuurnn. 202




J

b g T 3

TSR
s

T T
AR R

a“?r;:m“w‘
Dn s T
¥

aw

A
M R
| T E TN r \‘\ TR
o
Xv
\

TABLE OF CONTENTS (cont'd) ’

o * CHAPTER Page

6) EVALUATION OF THE PHAGOCYTIC INDEX....... 202

\ 7) EXPERIMENTAL PROTOCOL....eenerereennnns. 203
RESULTS . « e e eee e e teeeemeeeeenee e eereaaann e 203 |

] DISCUSSION. « e veeeeeaeeenaeeeee e eeaaeaenn 209

X. GENERAL DISCUSSION AND SUMMARY................... 215

REFERENCES.....civviiiiinianae, Ceeiean cereniesrassenanacanes 226

\
¥
£
"7
a
v 7
5 <+
P o
v ; ~ .!j
~ EAs
! ~ 4
A\
8
- &
°
1
T A
\
1
/ ;
i
»
v l ;
\ v
o
\

“ ~
\
\
\
e
Al
\
Y
.
/
N jf;’
\
N
\
Il
\ +
)
\
L
I




.

- FIGURE

2.1
3.1

5.1
5.2
5.3

5.4

5.5

5.6
5.7
5.8

5.9

- 5.10

6.1

r

LIST OF FIGURES , \
, .
‘ T v PAGE
Life cycle d@ Trichinella spiralis in the
vertebrate carnivore........cciiiiii it 13
The course of Trypanosoma lewisi infections

. . |
L 1T 7 110 2 - & AP 31

Course of trypanosome parasitemias in rats
challenged with Trypanosoma lewisi 7 days after

inoculation with Trichinella spiralis........... \igi\“”/a}

Course of trypanosome parasitemias in rats

challenged with Trypanosoma lewisi 14 days after
inoculation with Trichinella spiralis......... o 97
Course of trypanosome parasitemias-in rats

challenged with Trypanosoma lewisi 28 days after
inoculation with Trichinella spiralis........... 100
Course of trypanosome parasitemias in splenecto-

mized rats challenged with Trypanosoma lewisi 28

days after inoculation with Trichinella spiralis

(2 days after splenectomy)....... P e 103
Course of trypanosome parasitemias in rats '
challenged with Trypanosoma lewisi 56 days after

inoculation with Trichinella spiralis........... 105
Ouchyer]ony Immunodiffusion.. ...ioiiviinernnnnn. 108
Irfinoel ectrophOTesis. . . vveesnnnnss.. e 110

Jvio dimensional crossed-immunoelectrophoresis

with intermediate gels....civviiiien i, 112 .

Reticuloendothelial System activity during
Trichinellosis 1in thevrat as measured by the
intravascular clearance of colloidal carbon

[ 8 o T o0 = e 116
The humoral antibody response to SRBC during
Trichinellosis inthe rat......ccovivenennna.... 118

The course of trypanosome parasitemia and the

coefficient of variation in rats challenged

with Trypanosoma lewisi 28 days after inocu-

lation of Trichinella spiralis..... Cererernanuas 2133

Y,

%gg %5&'7} -

f
S
x:r;
4
|
-5

e
E QTR

A

e,
oo
AN

L 2

art g L
Ter
‘3“%',.

P i

A




Eaantty

7 BB,

2

e g

>

<

ot o

e
e
3

3

R TR
i

LIST OF FIGURES (cont'd)

s
fomtd Y08 E e

FIGURE B « 'PAGE
§ 7 6.2 —Mean‘ragg1 utination titers for rat sera ) 7‘:55
o collected during the course of Trypanosoma ‘ ' ,3
+ Jewisi infections in animals challenged i
<1

with trypanosomes at 28 days after inoculation

‘ with Trichinella Spiralis..............oeveen... 136 .
?; A 7.1 Course of trypanosome parasitemia in rats immuni- ’?
; zed with parenteral or.natural infections of ,.[%3
: Trichinella spiralis and challenged with #
% TrYPanoSoma TeWiSTeee s vnrnennereeeneennnsensnan 151 &
5 7.2 €ourse of trypanosome parasitemia in rats immu- ‘_‘
;‘ nized with freeze-thaw-killed newborn larvae or y p
' natural infections of Trichinella spiralis and -
' / challenged with Trypanosoma lewisi.............. 153
| “ 7.3 Course of trypanosome parasitemia in rats immu- :

nized with drug-abbreviated enteral infections or
/ natural infections of Trichinella spiralis and

"g “ ‘ v cha]ienged with Trypanosoma Tewisi............... 155

E 7.4 Course of trypanosome parasitemia in rats immu- '

? nized with TSE o{ TSE plus FIA and challenged

1 With Trypanosoma 1eWwiSi-....cceveeueeuneeeennnn. 16p ,
: 7.5 The coefficient of variation (CV) in the lengths .

of trypanosomes during the course of T. lewisi
infections in rats immunized with TSE or TSE
L T 7 S 162
% A ’J;] 8.1 The course of trypanosome parasitemia in rats immu- '
5 ‘mized with 5.0 x K’ CFU of BCG intraperitoneally /
and challenged 7 days later with' Trypanosoma . &
1/ \ ‘ L= 3 P 182 o
8.2 The course of trypanosome parasitemias in rats ‘$mmu- 5
- nized with BCG intraperitoneally and challenged 14
days later with Trypanosoma 1éw1‘si...., .......... 1

8.3 The course of trypanosome parasitemias in rats immu-
’ nized intravenously with BCG and cpa]]enged 14 days
later with Trypanosoma lewisi............. e 186




TABLE
1.1

1.2
1.3
2.1

3.1

4.1

4.2

5.1

5.2
7.1

" 7.2 %
7.3

7.4

LIST OF TABLES .

PAGE

Experimental studies on concomitant infections
with he]minths..._...............L ............... 3
Experimental studies on concomitant infections
with protozoa and helminths..... e, 1 4
Experimental sfudies on concomitant infections
With protozoa....cooiiiiiiiin i niiiinnnnnnas 5

Immunosuppression and immunopotentiation in o

experimental Trichinellosis.....cvivevnnirivuen. 26
Immunological and physicochefiical properties of
antibodies produced by the rat to Trypanosoma
lewisi infections......coieiiiininiiieinnnenns 40
Cros§-re§7§%§ﬁ%e against unrelated intracellular
infections inmice..........ivvieiiiia... esenas 50
Materials which have begn found to non-specifically )
stimulate the specific immune response or host
resistance........coiiiii i, PN 67
Larval dosage groups and larval recovery groups

for experiments I-IV in Chapter V............... 92
Immunopotentiation, Immunosupbression, and enhanced

RES activity during Trichinellosis in the rat host:

A summary of results......ccoiiiiiiiiiiiiianns. 120
Treatment regimen for animals immunized with enteral
parenteral, or natural infections of T. spiralis °

and challenged with T. Tewisi.... ..o, 147
The recovery of muscie larvae from rats inoculated
orally with infective muscle larvae or intravenously

with live newborn larvae of T. spiralis......... 157
The mean agglutinating (trypanocidal) antibody

titers for rats immunized with TSE and cha1{enged

with Trypanosoma 1ewisi.......oeveirineneennnnn. 164
L092 anti-TSE IHA antibody_titers for rats\i@mu—

nized With TSE. . cesi et i i aiiee e .. 165

7.5 The _recovery of muscle larvae from rats immunized

with TSE and challenged orally with 100 infective
muscle larvae of T. spiralis........ccoiiiinn 166

2

&
ARG Ny Y

g

Brgs e e

I LT g
EEEV

A Tt



TABLE
8.1

8.2

8.3

8.4

| " 9.1

9.2

9.3°

~ from rats infected with T. spiralis, T.

LIST OF TABLES (cont'd)

Treatment regimen for groups of rats immu-
nized with BCG and Challenged with T. lewisi....
Delayed hypersensitive footpad swelling reac-
tions 24 hou;i after challenge with Q01d Tuber-

The mean coefficients of variation (CV) for rats
immunized with BCG and challenged with T. lewisi
The mean agglutinating (trypanocidal) antibody '
titers for rats immunized with BCG and challenged
with Trypanosoma Tlewisi......... ..o,

In vitro culture system for peritoneal and splenic

macrophage cell moqp]ayers ..... e
The phagocytit activity of peritoneal macrophages

BCG on T. lewisi in vitro............covvvvnnnn.
The phagocytic activity of sp1enjc macrophages

from rats infected with T. spiralis, T. lewisi, or

BCGon T. lewisi in vitro.........ooovinnnt. bees

lewisi, or

PAGE \

188

189 ;

191

204
206

208




A

IPURTTITPNRET TR L SR S T el WILE R =
R 0 Ty W 3 o e T T P

PR :W\Emm, et A bt AR e

PRI IR I e R A T ST

| e -

%®

fe and daughter, Karen and Geneviéve.
\

ing wi

~
To my_devoted mother and father, my in-laws, Ruth and Claude,

and my lov

i

O VS J

B T 4 s " oAl T e T A e N AR




. ’ CHAPTER 1

- CONCOMITANT PARASITIC INFECTIONS:
AN INTRODUCTION AND REVIEW

1

A. INTRODUCTION ,

' ’ The biology of the hostiparasite re]ati&nship is highly complex.
ﬁor mogt, if not all host-parasite relationships, further complexities are
introduced by the presence of multiple (parasite) species infections. Con-
comitant infections are not uncommon, and it -is generally recognized that,
+in its natural environment, the host is usually ipfected with more¢;han one
parasite species. It is only recently, however, that the parasitologist has
become interested in the influence of parasitic infection on the abi]{ty of
the host to resist secondary infection by an unrelated parasite species.
Indeed, a detailed knowledge of paﬁésite—mix, and the interspecific inter-
actions that occur in the host,.is essential to a comprehensive understanding
of the phenomenon of parasitism.

Although many aspecfs of fhe immunobiology of single species in-
fections are still not clearly understood, 'the use of experimental con-
comitant infections is gaining momentum as a tool for basic research in the

Y

immunology of parasites.

B. HOST-PARASITE INTERACTIONS IN CONCOMITANT PARASITIC INFECTIONS

There are numerous reports in the literature that deal with ex-

/
perimental concomitant infections (Table 1.1-1.3).* /

/

f

* Many of these reports are not directly relevant to this ‘thesis. Some of

the reports on experimental concomitant infections will be discussed in this
and later chapters, but a comprehensive review of this field will not be

" presented.
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TABLE 1.1 - 1.3,

v
i

" EXPERIMENTAL STUDIES ON CONCOMITANT PARASITIC INFECTIONS

+ = SYNERGISTIC EFFECTS - enhanced infection&gof one or both parasites

(e.qg. - enhanced pathogenicity or virulence,

b

or immunosuppression).

-~ = ANTAGONISTIC EFFECTS - suppressed inféctions or growth and-.develop-
‘ . . ment of one or both parasites (e.g. = direct
/ competition, antigenic cross reactions,
immunopo tentiation).

-~

4 = INCONCLUSIVE RESULTS or NO OBSERVABLE EFFECTS on either the host or

t

the parasites. .
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TABLE 1.1 - EXPERIMENTAL STUDIES ON CONCOMITANT INFECTIONS WITH HELMINTHS
© CONCOMITANT INFECTIONS

Trichinella spiralis,

Ancylostoma caninum

Ascaris suum

Hymenolepis diminuta
Hymenolepis nana
Nippostrongylus brasiliensis

Schistosoma mansoni
"

Strongyloides ratti
Trichuris muris y

Nippostrongylus brasiliensis, -

{

Angiostongylus cantonensis
Ascaris suum

“ Nematospiroides dubius
Schistosoma mansoni
Strongyloides ratti

|
Hymenolepis diminuta,

Hymenolepis nana
Moniliformis dubius

Nippostrongylus brasiliensis
13 Q‘,‘

Cooperia oncophora,

Cooperia pect1nata

Haemonchus contortus,

Trichostrongylus axei,

Ostertagia circumcincta
Trichostrongylus axei

Ostertagia circumcincta

- mice-
;]

HOST

S

mice
mi

mice

rat

mice
"

- rat

mice

rat
mice
mice
mice
rat

mice
rat

calves

calves
calves

calves

EFEECT

(I I S I

VAN T TR oI O |

+

REFERENCES

Cox 1952; Goulson 1958
Matov and Kamburov 1968
Silver et al. 1976

Larsh and Campbell-1952
Louch 1962; Sinski 1972
Weinman 1960

Jachowski and Bingham 1961
Kazacos 1976

Wakelin and Bruce 1974

Kocan 1974

Crandall et al. 1967
Jenkins 1975

Hunter et al. 1967
Kazacos and Thorson 1975

Heyneman 1953, 1962
Holmes 1957, 1961, 1962

Larsh and Donaldson 1944
Morock and Roberts 1976

Herlich 1965

Turner et al. 1962
"

L

Turner et al. 1962
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TABLE 1.2 - EXPERIMENTAL STUDIES ON CONCOMITANT INFECTIONS WITH PROTOZOA AND’HELMINTHS

A Ll

CONCOMITANT INFECTIONS

Eimeria spp., .-

' Cooperia punctata °
Ostertagia ostertagi
Strongyloides papillosus

- Trichostrongylus colubriformis

Entamdeba histolytica,
Schistosoma mansoni

Toxocara canis
Trichuris muris

Plasmodium berghei,
Schistosoma mansoni
n

Trichinella spiralis
Trichuris muris

Salmonella typhimurium,
Trichinella spiralis

Salmonella typhi,
Trichinella spiralis.

Toxoplasma gondii,
Schistosoma mansoni o

Trypanosoma brucei,
Nippostrongylus brasiliensie
Trichinella spiralis

Trichuris muris -

Trypanosoma congolense,
Nippostrongylus brasiliensis

-]

HOST

mice
guinea pig
mice

e
vole.
mice
mice

. mice

mice
rat
pice

rat
mice
mice

rat

Y )

EFFECT REFERENCES

. 1959

. 1960a
. 1960b
. 1960c

Davis
Davis
< Davis
Davis

|GGG

MR
|22 2

Knight and Warren 1973

Krupp 1956
Knight and Chew 1974

+ 4+

Yoeli 1956

Lewinsohn 1975

Bruce and Phillips 1974
Phillips et al.1974

/

+ +

PN

- Brewer\1955

- Weiner and Neely 1964

7

- Mahmoud et al. 1976

Urquhart et al. 1972
Bruce and Phillips 1974
Phillips et al. 1974

+ + +

S

- Simaren and. Bammeke 1970
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" TABLE 1.2 - CONT'D. ’ . ;
. CONCOMITANT INFECTIONS HOST EFFECT * REFERENCES §
1
. f
Trypanosoma cruzi, ‘ ) :
' Schistosoma mansoni mice- +,- Kloetzel et al. 1971, 1973 !
Trichinella spiralis - mice + Campbell et al. 1976
Trypanosoma equiperdum, )
Schistosoma mansoni ) mice + Ee-Siriporn and Wagner 1969
. Trypanosoma lewisi, . !
Hymenolepis diminuta rat - Rigby .and Chobotar 1966
, " " - Freeman et al. 1973 .
Nippostrongylus brasijliensis rat + Ashley 1962

TABLE 1.3.- EXPERIMENTAL STUDIES ON CONCOMITANT INFECTIONS WITH PROTOZOA

CONCOMITANT INFECTIONS HOST EFFECT REFERENCES

e S —— T AL,

l Plasmodium berghei, _
. Strickland et al. 1972

Toxoplasma gondii mice + et al.
* Trypanosoma brucei mice + _ Dallas 1976
Trypanosoma lewisi rat + Hughes and Tatum 1956 )
! ! + Jackson 1959; Shmuel et al. 1975
Trypanosoma musculi mice + Bungener 1975; Cox 1975
Toxoplasma gondij, —
Trypanosoma cruzi mice + Kloetzel et al. 1975
Eimeria nieschulzi,
- Eimeria separata rat + Duszynski 1972 1
o
\ i
3
it . ot
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c It is unfortunate that in most of these studies, research has been mostly
phenomenological and has provided on1y/limited observations on basic para-
si%o]ogica] parameters. Very few detailed studies in this field have been
conducted in an attempt to unravel the mechanisms involved in an explanation
of the synergistic or antagonistic interactions that occur during inter-

|
current infections.

The following factors are all probably involved in an explanation
of the competitive interactions that occur during concomitant infections: ﬁj

1) EXPLOITATION OF A COMMON HABITAT IN THE HOST LEADING

TO DIRECT COMPETITION FOR AVAILABLE RESQURCES - 1

(e.g. - competitive exclusion as a result of limited space

e - T RTIL A

(crowding effects), nutritional factors, etc., or direct
e antagonistic effects due to parasite~-induced alterations
in the habitat).
2) THE "REACTIVITY" OF THE IMMUNE RESPONSE -

<

™ " (e.g. - parasite-induced changes in immunological re-

sponsiveness, including enhanced non-specific inflamma- | E

tory reactions or non-specific cell-mediated responses, .

[

immunosuppression and immunopotentiation).

M f

’ 3) ANTIGENIC CROSS-REACTION

|
(e.g. - cross-reactions of the humoral type directly

associated with antigenic relationships of parasites and
synthesis of homologous antibodies by the host).
Some of the models in which these types of interactions have been

studied are briefly discussed below.
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'fg% EXPLOITATION OF COMMON HABITATS IN THE HOST

?‘E:IA . This type of interaction has been most widely studied in models
é that emp!oy intercurrent infections of intestinal helminths in a variety of
;,; - experimental and natural hosts. For example, Holmes (1957,1961,1962) has
%% extensively studied the interactions between the cestode Hymenolepis
diminuta, and the acanthocephalan Moniliformis dubius, in intercurrent in-
: fections in rats and hamsters. Concurrent infections demonstrated that the

bulk of one species was reduced by about the bulk of the other one present,
with. differences in worm localization noted as well. Studies of this type
have been aimed at an understanding of the influence of competitive inter- ‘
specific intera}ctions on the evolution and development of helminth communi-
ties, site selection, and niche diversification. A comprehensive review of
this subject has been presented by Holmes (1973).

"REA|CTIVITY" OF THE IMMUNE RESPONSE

Numerous investigations have been conducted on the influence of

parasitic infections on host immunclogical responsiveness (Hudson 1973; Capron !

e D

\f et al. 1976). The ‘thrust of much of this research has been in the eluci- \g
‘ ‘ , dation of the mechanisms by which parasites manage to evade the potentially %
J" . hostile environment of the host immunological response. It is wgl docu- %
: mented that parasites are capable of altering the "reactivity" of natural f:
resist?nce or acquired i"mmunity such that the host may respond more or Tess ;E
efficiently to a primary or secondary infection. Parasitic infections have b

AN

1

been shown to suppress or enhance non-specific inflammatory reactions, non-

wa [l

spec%fic cell-mediated immunity, RES activiﬂty, antibody responses, and spe-
cific cell-mediated responses by a number of possible mechanisms inc]uding'
antigenic competition, induction of immunological tolerance, and induction ‘
@ _ of suppressor cell function. The.effects of parasite-induced jmmunosup-

1

o s A S £
e
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pression or immunopotentiation on intercurrent infections has not been
adequately investigated. The most \detaﬂe‘d studies in this area have been

on the cross-resistance between phy]oééhetica]]y unrelated intracellular
parasites (see Chapte? IV for review). Many other models are now being ‘
used to study these types of interactions and they include concomitant in-
fections of helminths (Table 1.1), protozoa and helminths (Table 1.2), and
protozoa (Table 1.3).

ANTIGENIC CROSS~-REACTIONS

This type of interaction has been studied in models using con-
.comitant infections with related parasite species (e.g. - same genus) or
parasites in which antigenic relationships have been demonstrated. For’
example, antigenic relationships and interference phenomena be‘tween; spiro;
chetes and trypanosomes are well documented (DaHas‘1976) and Felsenfeld
Ehd Wolf (1973) have examined the interactions between borreliae and try-

panosomes in a model using Borrelia turicatae, Trypanosoma cruzi, and their 2

- antigenic fractions. Whole extracts as well as antigenic fractions of B.
\ i
turicatae were shown to suppreés T. cruzi parasitemia and prolong the Tife

+

span of the immunized mice.

In parasitic infections where specific immunog]oblgin plays an

%
4

essential role in acquired immunity, this type of interaction may be of

primary importance in the host response to concomitant infections with

antigenically related species. However, in infections where antibody re-

sponse 1is not a factor in acquired immunity, antfgenic cross-reactions

may be of little consequence, especially where cross-reacting antigens prove

to be of a non-functional nature. | ,
The three categories 6f interactions discussed above have been

implicated in many of the previous studies of concomitant infections pre-

sented in Tables 1.1-1.3, but to date, no clear picture has emerged for a’“ny

|
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single host-parasite system. Further research is required before we will
be able to fully und%rstand the multiplicity of host-parasite interactions

that occur during multiple (parasite) species infections.
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CHAPTER 11

TRICHINELLA SPIRALIS:

\

A. THE NEMATODE

\ JINTRODUCTION AND_TAXONOMY

N

A LITERATURE REVIEW

Trichinella spiralis (Owen, 1835) Raillet, 1895 is an aphasmid’

v nematode parasite of vertebrate carniVores. T. spiralis was first recog-

nized in a human cadaver by Paget {n 1835 (Paget, 1866), but Owen (1835)

was the first to publish a definitive'descfiption of this nematode. The

basic features of its 1ife cycle were described %ndepéndently by Leucfart

and Virchow in 1860 (Schwartz 1960).

According to Chitwood's classification of the Nematoda in 1950

(Chitwood 1950), T. spiralis has the following taxonomic position:

PhyTum :

’ Class :
Sub Class :
Order :
Sub Order :
Super Family :
Family :
Genus

species

o

Aschelminthes

Nematoda

Aphasmidia !

Enoplida

Dorylaimina

Trichuroidea \ ?
Trichinellidae

Trichinella

spiralis

a0 1R
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LIFE CYCLE AND COURSE OF INFECTIOM L

[ | E
i

ons towards an understanding of the life

Significant contributi
cycle of T. spiralis were made independently by Virchow and Leuckart in

1860 (Schwaétz, 1960) . Detailed aspects of the 1ife cycle including a n&%

description of molting, as well as a discussion of the enteral and pa-
renteral phases of infection in the host, have been provided recently
by Kozek (1971 a, b).

- Infective larvae engysted in the striated skeletal muscles of
an infected host are ingested by a vertebrate carnivore. The larvae
are freed from their cysts in the stomach of the host and go thr?ugh
four quick molts (L1-Adult) in the small intestine where they become
sexually mature adults. Mating and insemination occur within approxi-
mately 30 hours after ingestion of infected muscle tissue (Gould et al.
19553 Wu and Kingscote 1957; Kozek 1971a). At apﬁroximate]y four to
seven days, depending upon the host and strain of T. spiralis, the in-
seminated females produce newborn‘]ar&ae viviparously, and deposit them
in either the mucosa or directly into the central lacteals or capillaries
of the villi.

The newborn Tarvae migrate from the intestine to the muscles

by a number of different routest'with approximately 70% migrating by
way of the blood-Tymph circulatory sygtem and approximately 30% by other
routes including the peritoneal cavity and the hepatic-portal circulatory
system (Harley and Gallicchio 1971). Larviposition and migration of
newborn larvae can occur from day 4-14 post inge;tion of infective muscle
larvae, with a peak at about 7-11 days (Harley and Gallicchio 1971).

Newborn larvae that reach the striated skeletal muscle cells

enter into an intracellular stage of development where they encyst and

0

Ww A I A



\ 'become infective. The first infective larvae appear approximately 17

days after ingestion of infective muscle 1arvae and by 28 days nearly
all larvae have encysted and become infective (Phillipson and Kershaw
1960, 1961).

The intestinal phase of infection is completed after two_weeks
in the rat. Worm expulsion begins shortly after the first week and is
completed by the end of the second week of infection (Gursch 1949;
Fernandez et al.11969; Gore et al. 1974; Ruitenberg 1974; Love et al.
1976).

The Tife cycle of this nematode is therefore composed of three

distinct parasitic‘l stages which occur during two phases of infection

(Fig. 2.1):
, ENTERAL PHASE
1) The Intestinal, Adult Stage ---~---- Day 7
PARENTERAL PHASE . /
2) The Newborn, Migrating Stage ---~---- Day 14

3) The Intracellular, Infective Stage - Day 28

/

Thus, the entire life cycle from adt\ﬂt to infective stages is completed

within a single host species.
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FIGURE 2.1 :
LIFE CYCLE OF TRICHINELIA SPIRALIS IN THE VERTEBRATE CARNIVORE
l
ENCYSTMENT o [NGESTION —m [ XCYSTMENT :
" (INFECTIVE STAGE) '
FORMATION OF NURSE-CELL MOLTING - L1 To
PARASITE COMPLEX i SEXUALLY MATURE ADULT
N
INTRACELLULAR GROWTH MATING AND
AND DEVELOPMENT INSEMINATION _
PENETRATION OF STRIATED ¢ DEVELOPMENT OF
.SKELETAL MUSCLE CELLS _ EMBRYOS IN UTERO
‘ .
MIGRATION OF NEWBORN -t | ARVIPOSITION : VIVIPAROUS BIRTH OF
LARVAE TO MUSCLES ~ NEWBORN LARVAE
PARENTERAL PHASE ‘ ENTERAL PHASE ~
S mﬁk; “‘%Kzgggﬁig;w}%?;ﬁm “ﬁ%‘%%%@gf@:}fhwrwxfﬁg T TS S RN - U SN B -2
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TRICHINELLA SPIRALIS: AN INTRACELLULAR PARASITE

The newborn larva of T. spiralis is capable of penetrating and
y ’infecting striated skeletal muscle cells of most mammalian species (Gould
1970)}. Shortly after the penef?&tign of the larva, the infected muscle
cell modulates to become a functiona11y\distinct unit which is now termed
the Nurse cell (Purkerson and Despommie;\1974). The larva of T. spiralis
survives in the Nurse cell as an intracellular parasite (Ribas-Mujal and
' Rivera-Pomar 1968; Purkerson and Despommier 1974), and this combination
has been called the Nurse cell-parasite complex (Purkerson and Despommier
‘. 1974; Despommier 1975; Despommier 1976). The intracellular stage of T.
spiralis has been called the Nurse cell-parasite complex because the
modified host cell (i.e. - striated skeletal muscle cell) functions by
obtaining nutrients for the larva from the surrounding extracellular
space (Stoner and Hankes 1955; Hankes and Stoner 1958; Steward and Read
1972).

The morphological events that'occur during penetration and in-
fection of striated skeletal muscle cells by T. sgiré]is have been ex-
amined in detail. The gross hisfological changég'that—occur were de-
scribed by Gould. (1970), and Faaske aﬁd Themann (1961), Ribas-Mujal and
Rivera-Pomar (1968), Purkerson and Despommier (1974), and Despommier "
(1975) have described the ultrastructural characteristics of the Nurse
cell-parasite complex. This morpho]ogica] evidence strongly suggests
that the larva of T. spiralis acts much like a virus in that it is capa-
ble of directing a host cell transformation that provides a suitable o0
niche for the parasite (Ribas-Mujal and Rivera-Pomar 1968). A review of

|« the ecological considerations regarding the Nurse cell-parasite complex

has been provided recently by Despommier (1976).

<
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.
o : - Recent mbrpho]ogica] aﬁd biochemical studies have demonstrated g
that the rellationship between the intracellular muscle larva and the in- :
: fected muscle cell is a very complicated, ecologically balanced system ;
;resulting in the survival of both the nematode and the host cell :

‘

(Despommier 1976). !
1

Aspects of the immunobiology of this stage of T. spiralis are

only now being uncovered and explored and a precise understanding of

e e X b d Lt e

the functional interactions of the host muscle cell with the parasite

is still lacking.
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B. ALTERED IMMUNQLOGICAL RESPONSIV?NESS IN TRICHINELLOSIS
. - INTRODUCTION
The immunology of parasitism offers the 1'mmuno-paras1’-to(1091'st

numerous opportunities for the elucidation of fyndamenta] immunological
‘ ‘mechanis:;ls. Many features of the host-parasite relationship at the
immunological level remain poorly undeystood at this time. The nature
and effectiveness of the] efferent arc of the immune response have not
been well cor’re1ated with the various modes of antigenic stimulation by
parasites. The origin and nature of functional parasite antigens and
their significance in stimulating an immunological response during inter-
specific and intraspecific competition between parasites in the host have
not been adequately determined. "

Parasites can survive in the potentially hostile’ environment

\

of the host's immunological system and it is reasonable to assume that

MO I TR T

they should have evolved mecharisms to evade the host response. Some of

e

Flai 4

the mechanisms by which parasites avoid the immuno]og/ﬁ%ﬂ response ' of
)

' the host have recently been discussed by Hudson (1973) and Capron et al.

(1976). ' y

Schistosomes and probably other metazoan and protozoan parasites o

may reduce the antigenic disparity between parasite and host by the [acgui-
sition of host substances on tﬁe 'surface of the parasite or by the endoge-
nous synthesis of host-1ike antigens (Smithers and Terry 1976). Parasites
such gs trypanosomes, sporo'zoans and some piroplasms undergo antigenic
variation in which the expression of cell surface antigens may change under
the influence of the immune response of the host (Brown 197654&: *

Other parasites such as T. spiralis or Echinococcus sp., may

evade the immune rgspg)‘nse’of the host by the process of encystment, which
; /

&
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seryes to isolate the parasite from an dttack by the cellular or humoral

com'ponents of the immunological system. Stil1 other parasites such as

Leishmania spp. and Toxoplasma have evolved mechanisms for surviying

intracellularly in host tissues.

A fifth and highly effective mechanism for evasion of the irr;mune
response resides in a specific alteration in the immunological xesponsive-
ness of the host to aniL:’ige‘nic stimulation by parasite immunogens. Sup-
pression of immunological responsiveness by microorganisms such as viruses
and bacteria is well documented and has recently been reviewed b‘y Salaman

(1969, 1970), Floersheim (1969):, and Schwah (1975) Hudslon (1973) and

.
<

Capron et al. (1976) have recently attempted to characterize the im-

portance of immunosuppression in the evolution of the host-parasite

-

relationship. ' {
| A few of the parasitic diseases in which suppression of humoral
or ce]]—mgdiated immune responses to homologous or heterologous antigen;,
or intercurrent parasitic infections occurls include:
1) Trypanosomiasis (Goodwin et al. 1972; Greenwood et al. 1973;
° | . Greenwood 1974; Mansfield and Wallace 1974;
Murray et al. 1974; Urquhartg_t_ 9_1_. 1973;
Voller 1972)
2) Toxoplasmosis (Huldt et al. 1973; Strickland et al. 1972;

1 Strickland et al. 1973)

3) Leishmam‘asis‘ (Cassimos et al. 1969; Chung and Reimann 1930;
Clinton et al. 1969) |

4)\ ‘Malaria ‘ (Abdel-Wahab et al. 19‘74; Barker 1971; Barker

o and Poers 19713 Greenwood et al. 19713

. Greenwood 1974; Krettli and Nussenzweig 1974
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e Loose et al. ©1972; Salaman et al. 1969;

. \ X (

l ) , Senger et al. 1971)

% , 5) Amoebiasis . (Ortiz-Ortiz et al. 1975)

; g / 6). Babesiosis (Phi1Tlips and Wakelin 1976)

i 7) Schistosomiasis (Capron et al. 1976)

: . ‘ . .

TR 8) Ascariasis " (Crandall et al. 1976)

i / | . R

:E;E 1 * \ \\

; N Research in this field has been mostly phenomenological and we

5 y ~ ST

'are~sovre1y in needlof experimentation that™wfl1 help to clarify the
mechanisms of immunosuppression as well as aid in our unrgerstanding of
the importance of this phenomenon in the evolution (and maintenance of
the host-parasite relationship., : A ‘ \
! /g A number of studies have begun to také a mlechanistic approach.
In vitro studies by Criswell et al.-(1971) have shown that malaria
infections enhance the ability of mouse peritoneal macrophages to taDke
up parasi‘tized erythrocytes, but their ability to function effgctive]y
« in other wéys is diminished. Lodse et al. (1971) found that pem‘toneaﬂ
macrophages from mice infected with-malaria were ineffective in detoxifying

endotoxins, and Loose et al. (1972) showed that these cells were unable

«  to functign normally in the finduction of an immune respgnse. Murray et

al. {1974) demonstrated that in Trypanosoma brucei infections, the mono-

nuclear phagocytic system was functionally intact but that there was a
. , ’

defect in the B-cell system. The antibody response to B-cell dependent

antigens was completely suppressed while the T-cell response was normal. A

1

These authors suggested that immudosuppression in T. brucei infections

might be due to the stimulation of a pqpu]atibn of suppressor T-cells. f{

! o
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Sufficient evidence i; not yet availalble to clearly indicat;e
the mechanisms by which parasites can modulate host immunological re-
sponsiveness, but a number of theories have beén suggested. These include
the specific induction of tolerance to parasite antig;ns (Jarrett 1971);
antigenic competition (Goodwin 1970; Lubiniecki and Cypess 1975); non-
specific activation of immunoglobulin synthesis leading to inmhibition of
subsequent immune respons[es (Urquhart et al. 1973); a br'eakdown' in the
cooperation between the macrophage, T-cell, and B-cell components of the
humoral response (Terry et al.- 1973); and the specific induction of
suppressor cell function” (Murray et al. 1974). Suppression of immuno-
logical responsiveness may also occur by the ex\cretion or secretion of
immunosuppressive or cytotoxic substances by the parasite (Faubert and _
Tanner 1975; Faubért 1976; Ackerman and Faubert 1977; Capron et al. 1976).

. Further detailed investigation will be required in ordér to

clarify the relevance of these proposed mechanisms in the immunological

unresponsiveness generated by many parasitic infections.
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IMMUNOSUPPRESSION IN TRICHINELLdSIS

Evidence that infectidﬁs with T. spiralis can induce a state of
immuanogical unresponsiveness to hetero]og?us antigens, allografts, and
viral infections has been supplied by a number of studies. Immunosup-
pression during Trichinellosis has been characterized by an enhanced re:

tention of skin allografts in mice (Cherniakhovskaia et al. 1971, 1972;

o]

Faubert and Tanner 1975; Ljungstrom 1976; Svet-Moldavsky et al. 1970) <

and heart allografts in mice (Ljungstrom 1976); by a suppression of comple-

ment-fixing and neutralizing antibody responses to Japanese B Encephalitis

virus (JBE) 1n‘mice (Cypess et al. 1973; Lubinieck et al. 1974; Lubiniecki

and Cypess 1975), tﬁe humoral antibody response of mice to Vaccinia virus

(Chimishkian and Ovumian 1975), and the humoral and cell-bound antibody

respo;ses of mice to sheep erythrocytes (Barriga 1975; Faubert and Tanner

1971, 1974; Fauber£ 1976; Lubiniecki et al. 1974; Lubiniecki and Cypess

1975); by pathological changes that occur in the lymph nodes of mice during
i_.various stages of the infection (Faubert a%d Tanner 1974); by the Teuco-

agglutinating and cytotoxic characteristics of the serum of infected mice

and soluble extracts qf the muscle larvae of T. spiralis for lymph node

cells in vitro (Faubert and Tanner 1974; Faubert 1973); by the failure of ‘

spleens cells from in%ected qonor mice to induce Graft vs. Host reactions

in hybrid mice (Chimishkian et al. 1974); and by the inability of mouse

bone marrow cells from infected animals to reconstitute immunological

competence in thymectomized'and lethally irradiated mice (Faubert 1973;

Féubert and Tanner 1974).

Immunosuppression during experimental Trichinellosis has also g

been characterized by an increased susceptibility to Japanese B Encepha-

litis (JBE) and Encephalomyocardial (EMC) viruses in mice and rats re-
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spectively (Gypess et al. 197%; Kitham and Oliyier 1961; Lubiniecki et al.

¥,
1974) and Vaccinia virus in nfice and rabbits (Chimishkian and Ovumian

1975).

|/ Nematode infections, such as Trichinellosis,uthat_invo]ve the

N

systemic migration of larvae, have the ability to enhace the virulehce

L

" of concurrent viral infections. This phenomenon has recently been re-

viewed and thé enhancement of viremia has been attributed to mechanical’
traumatization of the target tissues of the virus during migration of the
nematode larva (Woodruff 1968). - 0

KiTlham and Olivier (1961) have reported that rats infected with
T. spiralis were more susceptible to disease and death caused by encepha-
Tomyocardial virus (EMC) than normal‘rats. More recently, Cypess et al.
(1973), Lubiniecki gﬁigl, (1974), and Lubiniecki and Cypess (1975) have
extended these observations and\demonstrated a synergistic action of in-
fections with T. spiralis on JBE virus in mice. Inoculation of fiice with
T. spiralis seven days before peripheral challenge with JBE virus, in-
creased the susceptibility of the mice to fatal CNS disease. Mice challenged
twenty-one or twenty-eight days after infection with T. spiralis showed a
similar susceptibility to the virus as the uninfected controls. The
1evé]s of complement fixing and nuetralizing antibodies to JBE virus were
significantly reduced at both seven and twenty-eight days after infection
with T. spiralis.

Cypess et al. (1973) and Lubiniecki et al. (1974) did not find
any direct evidence for mechanical traumatization of the target tissues
of the virus by the migration of T. spiralis larvae to the muscles of
the host) lAlthough infection‘h¥ih T. spiralis was shown to cause ele-

vated levels of RES activity (assayed by carbon clearance) at fourteen




‘ /
and twenty-eight days after infection, this. actiyity, as well as the sup-

(
’ pression of antibody response, failed to correlate with the peak of en- L
[ ‘ .
hanced susceptibility to the virus that occured at seven days after in- 3%

fection. Cypess et al. i1973) concluded that "increased corticosteroid e

o
R

1e9e15, suppression of the humoral response, or changes in the fixed

macrophage phagocytic activity of the RES, did not appear to constitute

oot
&

~ a potential mechanism fqy ;ncreésed susceptibility of T. spiralis- /

STe wkes

! \
- ' infected mice to JBE virus".

A number of possible mechanisms may be operative in the 1mmq o-

v : logical unresponsiveness observed during Trichinellosis in mice and rats. R

T e BV N
T RSN ~

Lubiniecki and Cypess (1975) studied the suppression of the antibody
response to JBE virus and sheep erythrocytes in detail and suggest that w
their data are consistent with the hypothesis of sequential antfjigenic
competition as proposed by Pross and Eidinger\(1974). These authors

suggest that the mechanism of antigenic competition may residel in an

.- ,
T L on L,
e I TR (-

alteration of the maé?ophage cell membrane receptors, thereby “interfering

with antigen processing and the normal macrophage-T-B cell interactions.

\
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Faubert (1976) ha§ also discussed the mechanism of antigenic competition
\

in relation to immunosuppression in Trichinellosis and suggests that

e

-

the term may be misleading, and advocates the use of the term antigen

3
R
o The

, " induced suppressioﬁ as proposed by Kerbel and Eidinger (1971).

Other possible explanations and mechanisms have been proposed
RN

to account for immunological unresponsiveness in Trichinellosis and these

include: .

‘ 1) The presence of agglutinating and leucotoxic factors in

1

the serum of infected .animals and antigen extracts of muscle larvae

‘ p)
‘® _(Faubert 1973; Faubert and Tanner 1974, 1975). g “

W - TN
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2) The secretion of immunosuppressive factors by the newborn
larvae of T. sgira1is#(Faubert 1976; Ackerman and Fa;bert 1977).

3) A reduction or depietijon of the thymus derived, antigen re-
active T-gell popuiation in infected hosts (Faubert and Tanqer 1974;
Ljungstrom }976).

4} The stimulation of suppressor T-cells in the spleens of

infected mice (Jones et al. 1975).

Recent research by Faubert (1976) and Ackerman and Faubert.(1977)

4

ha§ indicated that immunosuppression in Trichinellosis may be associated
with an 1%munosuppressive factor secreted by a spécific developmental
stage in the life cycle of T. spiralis. Faubert (1976) has shown that
the newborn larvae of T. spiralis can secrete substances in an in vitre
culture system that can diffuse through a Millipore membrane (O.45u)land
suppress the induction of an in vitro antibody response to sheep erythro-
cytes. Adult worms or muscle larvae failed to suppress the humoral
response in this system.

More recently, Ackerman and Faubert (1977) have shown that in
mice inoculated intravenously with gither viable or freeie and thawed,
non viable newborn larvae, the splenic p]aqhe forming cell response to
sheep erythrocytes is reduced by 50% or 80% respectively, as compared to
sham-injected cont}bls. "This immunosuppression occurred when mice were
challenged with shéep ery%hrocytes only four days after inoculation with
the newborn stage of T. spiralis.

Maximum immunosuppression during the natural course ofhinfection
with T. spiralis occurs at fburteen days after infection and is corre]gted
with the migration of newborﬁ larvae to the muscles of the host (Faubert

1976). These results suggest that the newborn larvae may be capable of

.
et
z yﬂh’éﬁ

SRTER L

v
Py e
et

o ot " AW

.

b3
p
s
b
R
Y
AN
B

TN
PPN
e S0l

o

7. o
e
e RTR

~
x"};
RNty

W e
e

£
£

WP

AR

st fliee



- '+

v

actively suppressing the immunological response of the host by secretings: un

or excreting toxic or immunosuppressive factors. ’
!

The isolatjon, purification, and identification of these substances

will aid in our understanding of the mechanism§ of immunosuppfession in

Trichinellosis.
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IMMUNOPOTENTIATION IN TRICHINELLOSIS :

In contrast to the immunosuppressive effects of T. spiralis,.a
numbgﬁaof studies have demonstrated %ﬁat this nematode can induce a state
of non-specific resistance to heterologous bacteria, protozoa and tumors
(Table 2.1). In view of the known immunosuppressive effects of this
infection on humoral immunity, this stimulation of host immunity probably
manifests itself in the form of a non-specific potentiation of cell-
mediated immune mechanisms (Cypess et al. 1974; Meerovitch and Ackerman ?
1974).

Cypess et al. (1974) have shown that mice infected with T.
spiralis show enhanced resistance and prolonged survival to intravenous

or intraperitoneal injections of Listeria monocytogenes. Mice were

challenged with L. monocytogenes at 7, 21 or 49 days after T. spiralis

«

infections and enhanced resistance to bacterial infection was evident at

3.

7 or 21 days, but was abrogated after 49 days. The Tivers of concomitantly

JGLCPE S N F N

infected mice harbored significantly fewer viable bacteria than control

I
Kb

mice. The LDSO'of helminth infected animals;was approximately 8 fold

i

~

higher than that of controls without T. spiralis at 7 and 21 days after

2 2 o

v 2

infection but was identical by day 49. Increased‘survival time of

nematode-infected mice was evident at 7 and 21 days after T. spiralis

e

infection but not at 49 days. In addition, the reduced susceptibility

e
A
.
R
.
N

‘ to the bacterial infection was independent of the cﬁa11enging dose. An
enhancement of general RES activity (carbon clearance assay) in nematode-
infected mice did not correlate with these observations because RES
activity was not stimulated until 14 days after T. sgira]is infections
(Cypess et al. 1974). The Tlack of correlation between enhanced RES

yle

N activity (carbon clearance) and immunity to infection by intracellular
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TABLE 2.1

A

of
IMMUNOSUPPRESSION AND IMMUNOPOTENTIATION IN EXPERIMENTAL TRICHINELLOSIS

-------------------------- TMMUNOSUPPRESSTON =r = mme e m e w2

1) Increased survival time of’gkin and heart allografts.
25‘Fa1]ure of parental spleen cells from infected animals to
induce Graft vs. Host reactions in F1 hybrids.

3) Suppression of cell bound and humoral antibody responses oA
to sheep erythrocytes.

Suppression of humoral antibody response to Vaccinia virus.
Suppression of primary and secondary IgG responses to JBE virus.
Enhanced susceptibility of mice and rats to JBE and EMC viruses.

)
)
)
7) Enahnced suscepﬁibifity of mice and rabbits to Vaccinia virus.
) Transient suppression of DTH response to BCG.

)

ol &
N AR

Immunological incompetence of Bone Marrow cells in the reconstitution

LR

, of thymectomized, lethally irradiated mice.

st

-------------- -miom o= IMMUNOPOTENTIATION ------m=ommmmmmmmmmam

Zhas

N

1) Decreased susceptibility to Listeria monocytogenes in mice.

2) Suppression of Trypanosoma lewisi parasitemia in rats.

3) Inhibited development of Erysipelothrix insidiosa in rats. v
‘ . 4) Potentiation of cell-mediated (delayed type) hypersensitivity to BCG.

v s

5) Decreased incidence of §pontaneous mammary carcinoma in mice.
6) Partial inhibition of the induction and development of Sarcoma-180 :
Ascites tumors in mice.

© ot 1 e TR Be

7) Anti-neoplastic activity towards B-16 Melanoma and Lewis Lung Carcinoma.

g

8) Stimulation of RES fixed macrophage phagocytic activity in mice.
9) Cytostatic effect of mouse peritoneal macrophages on Rl Leukemia
cells in vitro
10) Enhanced longevity of Swiss mice.

[,
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parasites has been reported previously (Lucia and Nussenzweig 1961; Ruskin
“et al. 1969). :
Cypess et al. (1974) failed to detect any serologicil or anti-

- genic cross reactivity between T. spiralis and L. monocytogenes. These

authors have suggested that protection may be due to the activation of
macrophages by T. spiralis 1nfectioﬁs, but make no conclusions as to the
stage of infection (enteral or parenteral) responsibie for this effect
‘or whether the activation is of a specific or non-specific origin. A
similar increase in ;nti—bacterial resistance (due to non-specifically
activated macrophages) and humoral immunosuppression has ban shown to
occur during Grafts vs. host reactions in mice (Blanden 1969).

Cypess et al. (1974) and Molinari et al. (1974) have shown that

4

fnfeétions with T. spiralis can potentiate a cell-mediated immune response
to BacilPus:Calmette Guérin (BCG). Cypess et al. (1974) inoculated mice
with 200 Tarvae of T. spiralis 14 days after intravenous administration
of a sensitizing dose of BCG. ' These mice were tested for 24 hour delayed
type hypersensitivity (DTH) footpad responses to 01d Tuberculin (0T) at
14; 20, 29, 57 or 85 days after infection with T. spiralis. An ﬁnitial/
suppression Of the classical cell-mediated immune response to BCG was
observed at 14 days and cell transfer studies suggested that there was
‘ a defect in the adsptive1y transferred spleen cells, rather than in the
physiological state of nematode-infected donors or recipients. There
was an enhanced DTH response to 0T in BCG-sensitized, parasitized mice
at 20, 29, 57 or 85 days after infection as compared to BCG-sensitized
controls.
Molinari et al. k]974) sensitized mice with BCG from 14-112 -
days after oral infection with 200 T. spiralis larvae and found that there

i
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was an enhanced DTH footpad response to OT at all times in T. spiralis -
infected mice as compared to non-parasitized controls. Thus Cypesé‘gg
gl,/{1974) and Molinari et al. (1974) have shown that a potentiafion of
CMI can be accomplished by infecting mice with T. spiralis either before
or after prolonged periods following administration of the sensitizing
dose of BCG. These authors offer a numbet of possible explanations for
these results which include:
1) Increased rép]ication of BbG leading to increased antigenic
stimulation. ’ i
{Cypess et al. 1974) | g
2)~ Non—specif%c activation of the RES. L s
(Cypess et al. 1973)
3) Enhancement of T-cell function.
(Miller et al. 1973) ) '
Molinari and Cypess (1975) have examined the possibility that
increased bacterial replication might lead to enhanced antigenic st1mu—
lation. tﬁ§§e authors ruled out this poss1b111ty when they found that
infeétions with T. spiralis enhanced the ability of mice to respond to
- both viab]e‘and heat-killed BCG. In the case of heat-killed BCG, the
potentiation seemed to be route dependent (i.v. or i.p. inoculations were
successful whereas s.c. “inoculation was unsuccessful). The fact that T.
spiralis potentiated a response against non-viable BCG suggests that this
nematode has a marked adjuvant-Tike effect on ce]]-ﬁediated immune responses.
Infections with T. spiralis and a number of other metazoan and
protozoan parasites have been reported to partially inhibit or compfete]y
suppress the development of spontaneous as well as experimental tumors in

mice and rats (Lubiniecki and Cypess 1975; Molinari and Ebersole 1976;




Kagan et al. 1968; Neather1y~1970; Keller et al. 1971; and Capron et al.
1972).

Lubiniecki and Cypess (1975) found that T. spiralis infections

lengthened the incubation period and survival time of mice injected with ~" ™"

Sarcéma-180 Asciﬁes tumor cells. The phenomenon was not. observed when
mice were challenged with tumor cells 56 days after infection with T.
spiralis. This temporalfpattérn of immupopotentiation'is consistent with
the 1mmunosuppress%on, enhanced RES activity and increased resistance to

L. monocytogenes that is observed during Trichinellosis in the mouse (none

1l

of which occurs at 56 days after infection) (Cypess et al. 1973; Lubiniecki

et al. 1974). However, the enhanced response to BCG does not correlate

|
with this temporal relationship (Molinari et al. 1974).

There are a number of possible explanations for the antineoplastic
activity of T. spiralis. Infections with this nematode may activate macro-
phages at the systemic or peritoneal level and these cells may have
phagocytosed and killed more tumor cells than would occur in normal micef
A significant cytostatic or cytotoxic effect leading to a reduction in the

size of the tumor cell inoculum might account for the increased incubation

period (Lubiniecki and Cypess 1975). 01d et al. (1960, 1961) have published

similar results to those aboée in Sﬁ?;; mice given BCG followed by Sarcoma-
180 OC Ehrtich's Ascites tumors. In view of the known ability of BCG
(01d é}_gl, 1961) and T. spiralis (Ackerman and Meerovitch‘1975; Meerovitch
and Bomford 1977) tolactivate macrophages, and the similarity of their

effects on Sarcoma-180 Ascites production, it is possible that both these

[j‘agent§ inhibit neoplasia by a common mechanism of activation of macrophages.

Lubiniecki and Cypess (1975) also suggested the possibility that

humoral immunosuppression during Trichinellosis might lead to a decreased

&

\

Asv g -

ey e S I

T



"y FORCES
= R in i oy TR

30 ‘
production of "blocking antibody". This is unlikely, however,i because
. immunosuppression is transient in the mouse (Faubert 1976) and is no longer
: evident at 28 days after oral infection with 200 T. spiralis larvae.
Weatherly (1970) has reported an increased host survival and :
lowered incidence of spontaneous mammary carcinoma in outbred Swiss mice fi
that were infected with T. spiralis at 8 weeks of age. It is difficult %
. to determine whether the mechanism of this enhanced Tongevity aqd sup- }’;
pression of spontaneously occuring neoplasia is similar to that discussed ;‘%
e al;ove because a direct comparison of the two systems is not possible.
One sfudy employed the use of large numbers of turﬁor cells while the other ,g;
was hypothetically employing extremely small number of sponfaneousw 3?”:

.
Sy

occuring tumor cells (Lubiniecki and Cypess 1975). .
Kagan et al. (1968) have similarly shown that the development
of spontaneous mammary carcinoma in mice is inhibited when the mice are

A infected with Trypanosoma cruzi. The proportion of infected mice that
\

developed mammary tumors was significantly less than in non-infected

A control mice although the difference in mortality, weight gain, and on-

s

B

\J*/ set of) neoplasia were not significantly different in Fthose parasitized
| or non-parasitized mi_ce; that did develop tumors. The authors suggest tha£
these results might be due to a non-specific stimulation of RES activity
by T. cruzi infections. J =
Molinari and Ebersole (1976) have continued to iﬁvesti gate the 3

anti-neoplastic activity of T. spiralis. They have assessed the effects ;‘53%
of short term and long term (6 months) infections with 200 T. spiralis pg
larvae, on the induction and progression of the transplantable murine %
tumors B-16 Mé]anoma, and Lewis Lung Carcinoma. In experiments using B™- ;’f;

\ ' )16 Melanoma, all control mice devel obed tumors by day 28 and died within i

|
: -

Ny '
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60 days of tumor challenge, whereas none of the nematodé;infected mice . ,
l' showed any signs of neoplasia. Similar results were obtained with Lewis

Lung Carcinoma inlong term, 6 month, infections with T. spiralis, but 50%

At e e

+ of the animals with short term infections of T. spiralis died from pro-

. gressive tumor growth. These results suggest that a well established, ) i
chronic, intracellular muscle infection with T. spiralis is capable of
stimulating host anti-neoplastic activity. ' %

Meerovitch and Bomford (1977) have recently examined the mecha- : ;

nism of immunopotentiation in Trichinellosis. Their investigation involved

a study of the cytostatic effects of peritoneal macrophages from T. spiralis-
infected mice and normal mice on Rl Leukemia cells in vitro. The results
suggest that péritonea],macrophages from mice infected with T. spiralis ‘
are cytost&tic for Rl }eukemia cells in vitro from 6-36 days after infec-
tion. This effect may be dependent upon the dose of T. sgird]is, as well\
E as the timing of various stages of the life cycle of the parasite in the

. !

* host.

. .
Thus we have evidence in vitro that T. spiralis is capable of

stimulating a cell-mediated immunity in the form of non-specifically acti-

R e

vated macrophages. It is highly possible that these activated macrophages

ety e 3 o SR REr R et i S
R b AR A N )

% ) . are also active in vivo as effector cells in the potentiation of immunity

f; towards T. lewisi, L. monocytogenes, BCG, and experimental or spontaneous %

5 neoplasms. Further study is needed, however, to clarify these results. F

fF ) A number of other helminths have been shown to stimulate humoral o
and cell-mediated immunity (Schistosoma sp.,\Trichostrongy]us’co1ubrﬁf0rmis, |

é : Ascaris suum, and Nippostrongylus brasiliensis)(Larsh 1967; Soulsby 1970,

é 1972). Under certain conditions, infections with N. brasiliensis have been o

e » shown to potentiate the reagin response to previously administered immunogens ;
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Jarreft 1972; Bloch et al

‘such as eggfalbumin and con;a]bumin (Orr et

. 1971; Orr and B1a1r

1969,

1973). This potent1at1on was sI‘ioWn to be of a

show; duration and did not ,involve.immunoglobulin classes other than IgE .-

(B]oc et al

. 1973).

'f.otl)er ‘i:araswes has not been thoroughly 1nvest1 gated.

The’potentiation of cellular and humora1 immunity by

14

The chméa] significance of these parasite-induced immunoTogical

= .

alterations in ‘the host response to infectious agents and neop]asia will

.

only g% resolved by further study jin this area.
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TRYPANOSOMA LEWISI: AILITERATURE REVIEW

CHAPTER III

A. THE TRYPANOSOME

!

INTRODUCTION AND TAXONOMY

Trypanosoma (Herpetosoma) lewisi (Kent, 1880), Laveran and Mesnil

-

33

(1901) , was one of the first rodent trypanosomes to be discovered and was

first noted over 100 years ago (Laveran and Mesnil 1912; Hoare 1972). T.
Jewisi is the most extensively studied species of the Genus Trypanosoma,

due to its wor]?wide distribution, easy accessibility in the host and ease ~*
of maintenance in the Taboratory. It is also considered to be the type-
species of the non-pathogenic trypéhosomes of rodents.

Taxonomically, T. lewisi is c1a§sified as follows: (Hoare 1966)

Phylum
Sub Phylum
Super Glass
- Class
] Order
Sub Order
Family
Genus

species

N

Protozoa”

3 Sarcomastigqehora
Mastigophora |
Zoomastigophorea
Kinetoplastida

& Trypanosomatina
Trypanosomatidae
Trypanosoma

lewisi

.
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LIFE CYCLE AND COURSE OF TNFECTION

The Tife cycle of T. lewisi has been described by Minchin and

Thomson (1915) and was thoroughly reviewed by Hoare (1972).

%
The vector and intermediate host for T. Tewisi is théirat flea,

most commonly Nosopsyllus fasciatus in temperate zones and "Xenopsylla c¢heopis

in tropical and subtropical zones.

After the flea ingests infected rat blood, the parasites undergo
a cyclical development in the stomach and then the rectum of the flea. Ap-
proximately 6 days are required for thé development of infective metacyclic \
trypanosomes, which appear in the rectum and feces of infected fieas (Min/qhin

and Thomson 1915)." Infection of the vertebrate host, usually Rattus rattué

or Rattus norveaicus, takes place by ingestion of the infected flea or its

feces. The metacyclic trypanosomes presumably penetrate the oral mucous
.membranes (Hoare 1972) and enter the blood stream and visceraljcapillaries

where they develop and reproduce extracellularly.

\

_Experimental infections of the rat are initiated by intraperi-
toneal or intravenous injection of infective, dividigg epimastigote stages
or non-dividing, adult trypomastigote stages from the blood of infected

;
AN
z

animals.

P
.




Gl TR A L S AR S T

B. IMMUNOBIOLOGY'OF TRYPANOSOMA LEWISI

. \ ACQUIRED HUMORAL IMMUNITY N

Differences.exist in the intensity and length of parasitemia,

the length of the reproductive period, and the immune response to infection

Sl S T 2 Sl
k] b -

depending on the strain of T. lewisi, the strain or species of rat host,

&

host age, sex and diet, and the presence of concomitant infections. (For
~ ) a comprehensive review of these factors, see D%%é;fandro, 1970; Concomitant
R,

Experimental and natural infections with T. lewisi display a

infections are reviewed in Chapter 1V)

(see Fig. 3.1). After a period of incubation, which depends upon the size

and route of the dose inoculated (Augustine 1941), the trypanosomes appear

in(the peripheral circulation and visceral capillaries where they show

‘ intense reproductive activity. Parasitemia rises sharply to a.peak between
days 7 and 10 after inoculation of the infective stages. During the loga-
rithmic gréwth phase, the intensity of reproductive activity is measured

by determining e%theﬁ the percentage of dividing trypanosomes (epimasti-

gotes and developmental forms clearly not adult stage trypomastigotes)

(Taliaferro et al. 1931) or by a more sensitive technique that measures
the coefficient of varjation (CV) in the lengths of trypan0fomegi The
latter technique provides a §tatistftaizindex of reproductive activity

(Taliaferro and Taliaferro 1922). The' trypanosomes reproduce by unequal

multiple fisgion (Rabinowitz and Kempner 1899; Laveran and Mesnil 1904;

Minchin 1912; Wenyon 1926) of the epimastigote stage and show great vari-

ations in length during activé multiplication. The CV is a measure of the

varjability in length during this period. When the CV is high (20-25%),

the‘rate of reproduction is high. When the CV is Tow (3-5%), reproductive

he ErTTE et PV s ot g gt - o

number of common features and'these have been described by Taliaferro (1926)

—_—
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- l FIGURF 3.1

THE _COURSE OF T. .LEWISI INFECT{IONS IN THE RAT \

A typical course of infection with T. lewisi in the blood of

the rat showing changes in the numbers of trypanosomes and ‘the coeffi-

cient of variation (CV). The numera¥s indicate the three pr\1"‘mary mani-
festations of acquired humoral immunity. The letters indicate the stage
of parasite development (Modified and redrawn from Taliaferro 1926).
1) Inhibition of parasite reprodiction by ablastin as N

reflected by the decline in the coefficient of variation

2) The first crisis in which the majority of trypanosomes - J

N are destroyed by the 1st trypanocidal antibody which

js specific for division stages

s - 3) The terminal crisis caused by the 2nd trypanocidal
antibody which is specific for non-dividing adult
7
stages ' ,
A

A) Actively dividing trypanosomes (epimastigotes and
developmental forms |

B) Non-dividing, inhibited adult stages (trypomastigotes) }
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activity ceases and %he uniformity in trypanosome size repredents a non-
dividing "adult" or inhibited population.

As the parasitemia rises, the CV or percentage dividing forms
decreases due to the production of a reproduction inhibiting amtibody
-called ablastin (Taliaferro 1924). >After approximately 10 days, when ‘ o
ﬁeproductive agtivity has practically ceased due to the presence of ablastin
(Coventry 1925), a drisis occurs during which the majority of division-
form trypénosomes are killed by a trypanocidal antibody (Coventry 1930).
Non-dividing, adult trypanosomes that survive the action of the first

rypanocidal antibody, remain in the blood stream of the host fpr a few
weeks to a few months, but are unable to reproduce because of thé presence
of ablastin. ;

The infection is terminated either gradually or suddenly by a
second trypanocidal antibody (Coyentry 1930). After recovery the host
possesses a'solid, sterile, long lasting immunity (Corradetti 1963; Lee
and Lincicome 1972). The immunity to reinfection in rats is considered to( ‘
be sterile, and this clainf has been upheld by the faj]ure to demonstrate
the persistence of T. Jewisi adult or dividing forﬁs in the kidneys or

o}her organs and tissues of rats that have recovered from infection (Wilson ’

et al.1973; Targett and Viens 1975).

The fact that acquired humoral antibodies are responsib]é for
the11nﬁﬁ&ition of reproduction and the two distinct trypanocidal responses,
has been'we11 documented by studies‘on the passive transfer of immune ,ﬁ
serum (Rabinowitz and Kempner 1899; Laveran and Mesnil 1900; Coventry

| 1925, 1930; Taliaferro 1924).

Taliaferro (1924) was the first to demonstrate that a true inhi-

bition of parasite reproduction occurred and that it was due to an acquired

!
o
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. humoral antibody (ablastin) which was distinct from the trypanocidal anti-

bodies of the Ist and 2nd crisis. Coventry (1925) used in vivo titration

A techniques and showed that the titer of ablastin changed durinq the course
of an infection. The titer of ablastin incregsed éuring the 5th and 6th
day of infection, reached a peak after the 1st crisis, and declined during
the remainder of the infection. Studies by Taliaferro and others have
continuea to confirm and extend these observations (Taliaferro 1932, 1938;

Taliaferro et al. 1958; D'Alesandro 1959, 1962, 1966, 1972, 1975;Taliaferro

; a;d Pizzi 1960).

% Acquired humoral immunity to T. lewisi‘in the rat host can

% thereforg be divided into three distinct antibody responses: $see Fig. 3.1), |

2 1) Ablastin - Inhibition of parasite reproduction.

i . v 2) 1st Trypanocidal Antibody - causes Ist crisis

g, - and is specific for division stages.

? ( 3)\ 2nd Trypanocidal Antibody - Terminates the in- )

; fection and is specific fo; non-dividing adult , o i
? gtages.

i As far as can be tested,';he titers of these three antibod;es %
g can vary independently during the infection (Coventry 1925, 1930; Taliaferro }
§ g ’ 1932,\]941). In addition they all Wave distinguishing physicochemical and T
? immunological properties and these have been described extensively by

D'Alesandro (1959, 1962, 1966, 1970) (see Table 3.1).
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., ‘ TABLE 3.1 - IMMUNOLOGICAL AND PHYSICOCHEMICAL PROPERTIES OF
ANTIBODIES PRODUCED BY THE RAT TO T. LEWISI INFECTIONS
\ ~
PROPERTIES ABLASTIN 1ST TRYP ~ 2ND TRYP
AB AB \
’ Passively transferred + + +
\ Removed from immune serum by h
_ adsorption with living trypanosomes . 4% + +.
1
Trypanosomes sensitized by
exposure to antibody ! +R +IR +IR
‘ In Vitro activity + ; + +

High degree of specificity
for T. lewisi antigens

a) Blood stream forms + +
b) Culture forms - - -

\Opsom’zing and Agglutinating

activity in vitro and in vivo - + +
Complement Dependent - ‘ + +
Electrophoretic Locus Between Between Between
il G]ogm’ins G]nots)ﬁ;yins G]ogtgﬁins
Sedimentation Constant (Svedbergs) 6S 6S - 16S
Immunoglcbulin Class " 1gG I1gG IgM
\

g\ + = YES //
- = NO
R = REVERSIBLE
IR = IRREVERSIBLE ‘
* = D'ALESANDRO 1976, persona]qpommunication \

N

W

¢ ~ (MODIFIED FROM D'ALESANDRO 1959, 1962, 1966, 1970) | .
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CELL-MEDIATED ASPECTS OF IMMUNITY

Until recently, research concerning the immunological response

)

of the rat to T. lewisi has failed to provide positive evidence for the

role of cell-mediated immunity in controlling infections with this para-

site, other than a subsidiary function for phagocytosis in clearing «
\

lysed or agglutinated parasites from the circulation (Taliaferro 1924,

1929, 1932, 1938). Laveran and Mesnil (1901) were the first to consider

the possibility that phagocytosis played an active role in T. lewisi in-

fections, after they observed phagocytosis of trypanosomes in the peri-

toneal cavity of actively and passively Jimmunized rats. Delanoe (1911,

-1912) and Roudsky (1911) came to similar conclusions when they observed.

L3

a phagocytic response in the peritoneal cavity of mice inoculated with-

T. Jewisi. However,Jf

since the mouse is n

hese aﬁthors were actually studying natural immunity,

rmally refractory to infection. Delanoe (1912),

however, obtained similar results when he used a susceptible strain of

mice that developed an acquired immunity.

/

These results have been refuted

by other Morkers (MacNeal 7904; Manteufel 1909; Taliaferro 1924, 1932,

1938) who stressed fhe importance of lysis and agglutination in pa}asite

destruction.

Brown (1915) observed agglutination and phagocytosis of trypa-

nosomes during the course of infection in rats, and similar observations

were made by Augustine (1943) in immune rats reinfected with Targe numbers

of trypanosomes. Augustine (1943) concluded that division stages were
‘ !

destroyed principally by phagocytosis and adult stages by agglutination

and heabanica] removal from the peripheral circulation. - |

b

Regendanz and Kikuth (1927) and Regendanz {1932) éupportedrthe

view that ablastin was the only acquired humoral antibody produced by the
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I

rat against J. lewisi and that inhibition of panasite reproduction was
followed by the non-specific phagoc&tosis of tryp mes. The fact

that three humoral antibodies are involved in the contrpl of the 1'n-~

fection is no longer disputed, however, the importance of phagocytosis

and specific or non-specific le1]—mediated,responses in controlling in- |
fections is difficult to determine.

It is quite 1ikely that several trypanocidal mechanisms are |
operative during T. lewisi infections, especially agglutination, 1ys%s, }
and phégocytosis. Taliaferro (1932) has suggested that these mechanisms
may depend upon the titer of the trypanocidal antibodies. Thus, lysis
may occur when trypanocidal antibody titer is high and agglutination and
phagocytos1s may occur when it is low. There is some evidence to support
th1s view; lysis 1s rarely observed with immune rat serum but.occurs
more consistently with hyperimmune rat sera (Taliaferro 1932, 1938).

There is little doubt that humoral antibody plays a primary '
role in trypanocidal activity, especially in view of the fact that try-
panosomes may require sensitization witﬁlantibody before a stimulation
of macrophage activity or other cellular responges can occur Lange

and Lysenko (1960) have reported that immune serum enhanced the phago-

cytosis of T. Tewisi in vitro by peritoneal exudate cells, and that

immune serum absorbed with t;}panosomes no longer enhanced this activity.
Based on these results, Lange and Lysenko (1960) postulated the presence
of an opsonin in immune serum.

Taylor and Becker (1948) observed T. lewisi in the KUpffér
cells of the liver in pantothenate deficient rats, and more recently

Greganatt (1973) used electron microétopy to demonstrate the presence
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of T. Tewisi in the spleenccells of infected rats. : ;
Although the trypanocidal mechanism may principally involve lysis ;
and agglutination, it is obvious from studies such és those cited above,

that the reticuloendothelial system and macrophages may play an important

»

role in the processing of parasite antigens and in the eventual removal of ‘é
parasites and parasite debris from the circulation. The relationship bet- %
ween trypanocidal antibody and phagocytosis in the removal of trypanosomes - g
from the peripheral cjrculation was studied by Taliaferro (1938) who used g
passively immunized, ;plenectomi;ed and blockaded rats. In these experi- :%

i

ments, trypanosomes were c]eargg\quick1y from the blood of passively immun-

e
.
B
By
;.\-
kM
pAea

jzed ngrma] rats, but there was a small but significant loss of thyﬁanocida]
activity in splenectomized and blockaded animals. This result could be ex-
plained by a depression of phagocytic function, which might impede the -
removal of opsonized parasites from the circulation or by a decrease in com-
plement levels which could prevent trypanolysis. The former was shown to be

untrue as trypanosomes sensitized with trypanocidal antibody before injection

were reméyédafrom circulation equally well in splenectomized, blockaded rats
and normal rats. A definitive answer to this problem has not been provided,

but it is possible that severe reticuloendothelial blockade may interfere

' , with antigen-antibody reactions or plasma opsonic activity (Pisano et al.

x 1968).

. ’ E%tton (1965, 1972) hés investigated the' interactions of sera
and peritoneal exudate cells on T. lewisi infections both in vitro and

in vivo. He has shown that normal rats and rats immunosuppressed with

—

dexamethasone, could be protected against T. lewisi infections only if
treated with both hyperimmune serum and normal or hyperimmune peritoneal

e eéxudate cells. Trypanosomes given intraperitoneally in this case, were

T e
A r
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d/etained 1‘°n the peritoneal cavity, égg] utinated, lysed and phagocytized.
Patton (1972) also observed the in vitro phagocytosis of T. lewisi in the
presence of normal and immune sera plus normal or immune peritoneal exudate
cells. A quantitative index of phago’cytic activity was not provided in
these studies.

Greenblatt et al. (1972) have demonstrated the ability of -immune
spleen cell transplants to transfer immunity to T. lewisi in normal syn-
geneic rats. In their experiments, spleen cells from normal animals were in-
capable of transferring immunity, but‘spleen cells from early or late con-
‘valescent animals (ﬁ“i{-39 days after infection of donors) were capable of
transferring immunity. In an earlier study, Greenblatt and Tyroler (1971)
showed that T. Tewisi infections produced a marked increase in the per-
c:entage of activated macrophages ir; the spleens of infected animals, and it
is hpossib]e that this population of cells may play an importqnt role in
either specific or non-specific cellular responses to T. lewisi.

The role of activated macrophages and phagocytosis in immunity
to other members of the Genus Trypanosoma has been investigated recently

with respect to infettions with Trypanosoma cruzi (Hoff 19753 Kierszenbaum

AY

et al. 1973, 1974; Kress et al. 1975; Milder 1973; Milder et al. 1973;

Tanowitz et al. 1975; Ortiz-Ortiz et al. 1975) and Trypanosoma garﬁbiense

(Takayanagi and Nakatake 1974; Takayanagi et al. 1974). It is probable
-that in the near future, the importance of the interaction between humoral
and cellular factors in Trypanosomiasis will become evident, and a review

of the subject has been presented by Mauel and Behin (1974).
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FACTORS AFFECTING THE IMMUNE RESPONSE

] " 1) SPLENECTOMY AND RES BLOCKADE

Splenectomy and blockade of the reticuloendothelial system
has been shown to affect the immune response of the host to T. 1g|_~_1_s_1_
The spleen of the rat forms a y-e’lative],y 1argé'part of the RES as well
as p.1ays an important role in ant'ibody formation and phagocytosis.*
Immunosuppressive treatments such as splenectomy and blackade or other

stress factors that' can suppress the activity of the RES are cépab]e of
) /

- interfering with the imune response of the host with adverse effects

on the course of infections.

+

~ | P— . -
Splenectomy .was first shown to enhance T. lewisi parasitemia

by Regendanz and Kikuth (1927), and was confirmed by Regendanz (1932)

. who concluded that splenectomy alone could induce severe or fatal infec-

tions. Per]a and Marmorsto‘n—Gottesman (1930) obtained similar r:esu[]ts,
and fourtd that autotransplants of 9p1en1“c)”tissue alleviated the ef}‘ects
of splenectomy and reduced -the severity of the infection.

These and previous studies were comp]i\cated by the presence of -

latent, concomitant Bartonella infections. Haleem and Min&on 71966)

s

reported similar enhanced parasitemias (without fatalities), but no
mention was made of the time of the splenectomy or if the rats were

free ;‘romv concomitant Bartonella. Schwetz (1931) performed splenectomy
during the course of infection, and although division forms reappeared

in some animals, he concluded that the effect of spienectomy was doubtful.
\

Early experimental work on the efifects of splenectomy were

complicated by Tatent Bartonella and Paratyphoid infections. Taliaferro

.




in Bartonella-free rats (Taliaferro 1938).

et al. (1931)» re- exammpﬁthe effects of sp]enectomy in Bartoneﬂa free

ratis and found that."in young rats, splenectomy may lengthen the~ repro-

ductive phase of the.parasite if performed on t‘%e day of infection.

Production of ablastin was not significantly reduced :&but parasitemias

were higher and infections were of greater duration in splenectomized
\ | ! !

rats. Taliaferro et al. (1931) c‘onc1uded that sp]enectomy of Bartoneﬂa—'

free rats did not s1gn1ﬁcant]y alter the ablastic response, but rnter- Ce
fered with the product1 h of the trypanocidal antibodies. A combination
of RES-blockade and splenectomy (wh1ch yielded maximum mmunosuppressi\on\)
effecti\jely interfered with ablastin and trypanocidaly antibody productior\

/ The pathogenic infecffqﬁg with T. lewisi that have been attri-

buted to the effects of splenectomy (Regendanz and Kikuth 1927; Linton

o

- 1929; Vassiliadis 1930; Perla and Marmorston-Got;:esman 1930), were most

py,éba‘tﬂy the resu]t of the add1t1ona1 stress of v1ru]ent Bartonella

infections. Taliaferro et al. (1931) showed that fatal infections of,

/=

Tewisi in splenectomized rats were always diue to concomitant Bartoneila

S . ’
or Pajatyphoid infe_cFions. ’ .
s “ . . { 1

£
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2) BACTERIAL ENDOTOXINS - : K

Pre-treatment of rats with small serial doses of bacterial
. endotoxin has been shown to enhance resistance to T. 1_@1155.7’_-- Styles o
(1965) showed that small serial doses of endotoxin given before infection,
depressed peak parasit’emia:‘s of 7. lewisi, whereas parasitemia was elevated
wheﬁ a single large dose of endotoxin was given before, or concurrently .
) with the inoculation of the trypanosomes. Pre-treatment with endotoxin
did not afféct the prepatent beriod, but animals made endotokin-tolerant
.

over a long period of time weré"more resistant to trypanosome infections. "

e " Singer ég al. (1964) found enhanced resistance of mice to Trypa-

ngéoma rhodesiense, Trypanosoma congolense, and Trypanosoma duttoni when
endotoxin was adifinistered prior to infection. Goble and Boyd (1957)
fai]ed to show any effécts using a different endotoxin and ]‘rgganosnn?é
“congolense infections in mice. Singer _é_e_pa_]_. (1963) did not find sig-

nificant alterations in trypanosome infections when endotoxin was admi-

nistered, simultaneously with trypanosomes . - B
Immunopotentiation and immunosuppression during experimental - ? 3‘,;;,

trypanosome infections after treatment with bacterial endotoxims is not |

clear]y understood. Some inyestigagors have suggested tha’c*’endotoxin‘

exerts its influence via stimulation of the reticuloendothelial system

(Thomas 1975; Howard et al. 1958; Rosen 1961). Goble and Singer (1960)

have presented a review of the various agérfts that cank‘stimu}ate and
i%depr‘sss the RES ;‘n Trypanosomiasis and this will be dispuésec\i\in grealter )
‘ de}taih in Chapter IV. o \ .
‘ Styles (1970) has obtained almost identical results to those of

, bacterial endotoxins using the toxin holothurin, a steroid saponin

o
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derived from the Bahamian sea cucumber, Actiqopyga agassizi. Pretreatment

of rats with holothurin increased their resistance to subsequent infections
with T. 1@5&51,‘whereas holothurin that was administered concurrently with f
the trypaggiomes caused an enhancement of the infection. Holothurin had‘been 4
shown to inhibit tumor growth in mice (Nigrelli 1975; Sullivan et al. f955;‘

Sullivan and Nigrelli 1956) and Styles (1970) has suggested that the bi-
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phasic effects observed in his study may be due to a stimulation or depres-
i k3
" ’

sion of RES activity by this toxin.

A
£
P!

;
<

Numerous ©ther investigators have desoribed an increased re-
sistance to e§ﬁérimenta1 infections with a variety of infectious agents
after treatméht with killed bacteria (Rowley 1955; Landy 1956é Gledhill
1959; Hook and Wagner 1959; Brener and Card&so 19765 Swartzberg et al.
1975; Nussenzweig 1967; Kierszenbaum 1975).

]
3) OTHER FACTORS AFFECTING THE IMMUNE RESPONSE TO T. LEWISI

Numerous other factors have been shown to alter the immune
‘response of the rat to T. 1gﬂi§j, many of which are not relevant to this ¢
thesis(ﬂ%hese include the effects of host age, sex, andrdiet, X-irra-
diation, immunosuppression, thynmctomy, adrenalectomy, h;pophysectomy,
hypoxia, heter&]ogous anti-lymphocyte and antithymocyte sera,ﬁetc., on
innate and acquired immunity. A comprehensive review of these fﬁctors
has been presented by D'Alesandro (1970) and more reéently byiDusanic

(1975). ) )
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CHAPTER IV | .

)

ASPECTS OF NON-SPECIFIC HOST RESISTANCE

R

* TO PARASITIC INFECTIONS AND NEOPLASIA

'A.  NON-SPECIFIC RESISTANCE TO UNRELATED INTRACELLULAR PARASITES

A number of detailed studies have récent1y been conducted on the
‘mechanisms of resistance to phylogenetically unrelated organisms that pro-
ducé intracellular infections. Cross-protection among intracellular para-
sites ha;—been demonstrated with respect to a number of phy]ogenetigéliy
diveffse intracellular infectious agentg such as bacteria, protozoa and
viruses (see Table 4.1). The demonstration of cross-resistance against
organisms that are phylogenetically and antigenically unre]ate@ suggests
the possihjlity that a common mechanism of immunity underlies intracel-
iu1ar infections of all types (Remington and Ruskin 1969; Ruskin et al.:
1969). . ,

N One of the common features of the 1mmuno]ogi@§] response to
most intracellular parasites is the non-specific enhancement of anti-
microbia]nactivity of host macrophages {Mackaness 196%, 1967; Frenkel 1967).
The role of the macrophage in this type of ce11-mediat;d immune response
has been investigated in great detail. Interest in macrophage activity has
stemmed from fhe demonstration that there is a cooperation between immune |
1ymphocxtes, specifically T-cells, and macréphages, in the effector arm of
many immunological reactions. It has been c]ear]y gstab]ished that achired
resistance to many intracellular parasites requires a two-step process in
which immutte T-cells, in the preseﬁ;e of specific antigens, can elaborate
humoral factbrs (1ymphokines) t;at activate macrophages (North ]973, 1974).

As a consequence of these specific interactions, macrophages may then

acquire increased non-spec{fic microbicidal activity (Mackaness 1969).

N
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TABLE 4.1 - CROSS-RESISTANCE AGAINST UNRELATED INTRACELLULAR INFECTIONS IN MICE - '
PRIMARY INTRACELLULAR ’ PROTECTION INDUCED AGAINST 1 ~ ) )
INFECTION: THE FOLLOWING INFECTIONS: ‘ ™ REFERENCES: §
. -Listeriay monocytogenes Ruskin and Remington 1968;
T Besnoitia jellisoni Ruskin et al. 1969
<3 Salmonella typhimurium - - " 3
Toxoplasma gondii Cryptococcus neoformans Gentry and Remington 1971 1
: ~ 7 Trypaposoma cruzi , Williams and Remington 1975 "
| _Mengo Virus : Remington and Merigan 1969
[ Mengo Virus . - Remington and Merigan 1969
. . Toxoplasma gondii : M
Listeria monocytogenes Cryptococcus neoformans Gentry and Remington 1971
“ _Candida albicans Marra and Balish 1974
T Listeria monocytogenes A e Ruskin and Remington 1968; °
Salmonella typhimurium " Ruskin et al. 1969
ciel s ; . Brucella melitensis "
Besnoitia jellisoni — Toxoplasima gondii "
Cryptococcus neoformans Gentry and Remington 1971
|_Mengo Virus , - Remington and Merigan 1969
. . i ["Mycobacterium tuberculosis Konopka et al. 1961 —
. Leishmania donovani | PTasmodium berghei Adler 1958
[ Plasmodium berghei Nussenzweig 1967
. - Trypanosoma cruzi Brener and Cardoso 1976.
Corynebacterium parvum Listeria monocym_togenes Swartzberg et al. 1975
|_Toxoplasma gondii ( & —~ :
[ Plasmodium berghei yoelii " Clark et al. 1976 :
Plasmodium vinckei - "
Bacillus Calmette-Guérin Babesia microti "
(BCG) Babesia rodhaini g N
— Trypanosoma c¢ruzi Ortiz-Ortiz et al. 1975
Treponema pallidium — - [Listem’a monocytogenes - Schell and Musher 1974
’ )
F . ) o 3
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Mackaness (1964, 1967) has described this phenomenon as
acquired cellular resistance and subsequently has shown that mononuclear
phagﬁcytes from immune hosts are more rapidly activated than macrophages
from non-immune hosts (Mackaness 1970). Activated macrophages that ar;

generated during the development of acquired cellular resistance are

non-specifically activated to kill a wide array of intracellular parasites,

/
/

which in the normal situation cou?d multiply and survive within non- N
ctivated éél]s (Mackaness 1969). Hosts in which a population of these

activated macrophages exists,’become capable of suppressing infections by

heterologous organisms and the developmert of spontaneous or experimental !

neoplasms.

An important factor that is evident in the studies listed in

.+ Table 4.1 and in the studies of Blanden é;_gl, (1966), and Collins (1966),

is that infectious agents which prcduc; a sustained and chronic tissue
phase, confer the most pronounced degree of gon—specific immunity to

heterologous challenge organisms (Ruskin et al. 1969). Ruskin et al.

(1968) and Ruskin and Remington (1969) have suggested that Toxoplasma

gondii and Besnoitia jellisoni produce a chronic and sustained tissue
H g

infection in mice, and that the persistence of these organisms intra-

e
~cellularly enables them to produce a long-lived stimulation of host

lymphoid cells and activg¢ed macrophages. The continuous presence of a ' L]

population of these cells iﬂfiﬁfected hosts might account for their
remarkable resistance to a large variety of intracéQ1u1ar and probably
extracellular invaders.

o

The likelihood that heterologous challenge onganisms, with a

predilection for an intrqge]1u1ar existence, are eliminated in resistant
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. ologous immunity in guinea pigs undergoing delayed hypersensitivity to

o 52
‘. x
animals by a population of activated, highly microbicidal macrophages
has been tested in vitro (Ruskin and Remington 1968; Ruskin et al. 1969;
Gentry ahd Remington 1971). These ;uthors have shown that peritoneal
macrophage monolayers derived from animals infected with Toxoplasma

gondii, Besnoitia jellisoni, and Listeria monocyfogenes were more

resistfint to necrotization by a challenge with either Cryptococcus

‘neoformans or Listeria monocytogenes than macrophage monolayers derived

N ,
from uninfected controls. These studies suggest that chronic intracellular

infection withjﬁ wide variety of 'parasites endows the infected host's free

s
peritoneal macrophage system with enhanced ability to destroy phylogenetic-

ua]]y unrelated organisms in a reaction. that is specifically étimu]atedkbut\

non-specifically active \ e §
The fact that acquired cellular immunity is medjated by sensi-

tized 1ymphoid cells (Mackaness and Blanden 1967) as are other delayed

hzgersensitivity and cell-mediated immune phenomena, syggests the possi-

bility that comparable populations of lymphoid cells could be appropriately

stimulated by or;anisms or factors other than the intracellular bé@teria

or protozoa, to produce non-specific potentiation of macrophage activity

and heterologous immuﬁity. This possibil}ty ha§ been examined by

Blanden (1969) who has shown that mice uHHergoing a c]assicé] Graft vs.

Hbst reaction are unresponsive to sheep erythrocytes but show enhanced .

resistance to Lisferia monocytogenes and Salmonella typ%imurium.

. . l
Goihman-Yahr et al. (1969) however, failed to demonstrate enhanced heter-

F23
tubercul in, contact dermatitis, or Graft vs. Host reactions.‘ ’
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B. NON-SPECIFIC STIMULATION OF HOST RESISTANCE TO TUMORS BY PARASITIC

INFECTIONS
prig highly Tikely that non-specific resistance that depends
upon macrophage activation extends to many systems other than those of
bacteria,hprotozoa, fungi and viruses. For example, a reciprocai resis-

tance has been reported between chronic Besnoitia jellisoni infections

and a congenital virus induced leukemia of AKR mice (Lunde and Gelderman
Sy
1971). Hibbs et al. (1971) have also reported that chronic infections in

mice with either Toxoplasma gondii or the related protozoan Besnoitia
jei]isoni confer resist;nce against transplantable and autachthonous
tumo?s. These authors noted significant resistance to the development of
spontaneous mammary carcinoma and spontaneous leukemia 1in C3H and AKR
mice respectively. Similar resistance was also evident following a chal-
lenge with Friend Leukgmia Virus and Sarcoma-180 Ascites tumor. Youdim

. (1976) has described a murine experimental model in which non-specific

v tumor immunity is mediated both jgigj)gl and in vitro by macropgpges

activated by Listeria monocytogenes,. Various other organisms and materials

have been shown to non-specifically stimulate host resistancebto isogenic

and autochthonous tumors and this subject has been.thoroughly reviewed 095
S . g

by Yasphe (1971).
|

The importance of the activated macrophage as the effector
cell in acquired cellular resistance to intrace]]u];r infections and
many neoplasms has been clearly demonstrated (Nelson 1974). Thére is

7 also.excellent evidence that a comparable mechanigm may also operate 1in

a number of'diffenent helminth infections. Infections with Nippostrongylus

brasiliensis have been examined in some detail with respect to non-

specific potentiation of macrophage activity. Keller et al. (1971) have

¥ T R
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, Shown that the growth of Walker Sarcoma in rats was either entirely

suppressed or greatly enhanced during Nippostrongy1hs brasiliensis

infection’s, depending upon the timing of the tumor cell inoculum in
relation to the parasitic infection. In tontrast, the growth of syngeneic

adenocarcinoma of mice was suppressed during N. brasiliensis infections

regardless of whether the infection was initiated before, after,or with
the tumor cell inoculum.

Further studies of this phenomenon (Keller and Jones 1971) °
have shown that rat peritoneal macrophages taken from nematode-infected
or peptone-injected rats are "activated" and can inhibit the growth of
Walker Carcinosarcoma cells in vivo, and in vitro. These authors have
demonstrated that akpopq1ation of radiosensitive cells in recipients of
1ymph node cells from helminth-infected donors appears to be required

for the anti-neoplastic response; a response that can be inhibited by

an IgG2 fraction of antiserum from rats infected with N. brasiliensis.

Keller and Jones (1971) were unable to detect any antigenic relationship

betveen Walker Sarcoma cells and N. brasiliensis and suggest that the
mechanism of resistance in this system resides in the non—spébific
cytotox;city of specificalfy activated mac?ophages, as has algo been
suggested by Mackgness (1969). 5

° Asdfar as this autFor is aware, the only other.reports dealing
with inhibition of tumor growth by helminth infections are those of
Lubiniecki and Cypess {(1975); Molinari and Ebersole (]976),\weathér]y
(1970), and Capron et al. (1972), which have been reviewed in Chapter 1I.

'The antineoplastic activity of helminth infections in general, remains to

~be more fully investigated. }

19 Sl mea
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C. NON-SPECIFIC STIMULATION OF HOST RESISTANCE IN CONCOMITANT PARASITIC
0

‘

INFECTIONS °

A cursory search of the literature in immunology and para-
sitology will reveal numerous references to interference phenomeﬁa'and
crosslimmunity between various Earasitic organisms,’particu1ar1y bacteria
viruses and protozoa. Rep;rts of cross-resistance or interference between
unrelated nematode species, however, are still relatively few in number
and it is only recently that this aspect ofﬁhe1minth immunology has been
investigated in any detail.

Céx (1952) and Goulson (1958) have reportgd that infections

in mice with Ancylostoma caninum partially protected them against

challenge with T. spiralis. Crandall et al. (1967) have demonstrated

that increased resistance to Ascaris suum can be induced in mice by

infections with N. brasiliensis and Matov and Kamburov (1968) showed

increased resistance to Ascaris suum following T. spiralis infections.

Kocan (1974) found that rats inoculated with infective N. brasiliensis

A
larvae, but not with fransplanted adults, were protected against.a chal-

lenge infection‘with Angiostrongylus cantonensis. More recently, Kazacos

and Thorson (1975) and Kazacos#(1976) have reported that immunization of

rats with N. brasiliensis or g% spiralis causes increased resistance to
by 0

Strongyloides ratti. Many of the other reports dealing with concurrent

nematode infections are}concerned primarily with the establishment of
~ mixed infections in ruminants (Herlich 1965; Turner et al. 1962; —
Goldberg 1973) °
. Of recent, techniqﬁes for studying the immuno]og§ of the host;

parasite relationship have shifted to include the use of concomi tant

i
|
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parasitic infections. Studies on concomitant infections with helminths
or with helminths and a variety of unrelated intracellular or extra-
cellular protozoa have indicated that a stimulation of non-specific
immune mechanisms may be of importance in the immunological control of
parasitic infections in general. Studies of this type have been mostly
phen&héno]ogica], but the general importance of non-specific, ce]]l
mediated immunity in concomitant parasitic infections is becdhing more
and more evident. With respect to our knowledge of the 1mmuno]ogy of
parasitism, it is important that we do not! group all forms of acquired
resistance to infection under i genera] heading of immunity, but try to
determine whether the immunity is ‘of specific or non-specific bkigin.
Both types of immunity may provide only partial resistance to infection,“
and while their kinetics and mechanisms may be different, their effects
may be additive.

Recent experiments by Mahmoud et al. (1976), in which infections

with Toxoplasma gondij induced resistance in mice to Schistosoma mansoni,

, 5
strongly suggest that non-specific resistance cvn be effective in

schistosomiasis. These authors followed the recovery of schistosomu]ae,
adult worm pa1rs, or eggs in the Tivers of mice that had been 1nfected
Viith T. gggg1~ 4.weeks or 1 day before, or 4 weeks after challenge

with S. mansoni cercariae. There was a significant reduction in recovery
of schistosomu]ae,\adu]t worms or eggs from the livers of mice that re-
ceived T. gondii 4 weeks or 1 day before challenge with cercariae.
Specific acquired immunity to reinfection with S. mansoni in the mouse
takes aboyt 3 months to develop (Sher et al. 1975), whereas the pro-

tective effects of T. gondii or other non-specific agents are usually

/
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evident within a few days. This suggests that a stimulation of non-

specific cell-mediated immunity may play an effective role in the control

T
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of S. mansoni infections.

Kloetzel et al. (1971, 1973) have also examined the effects of \

concomitant infections with a heterologous.intracellular protozoan on

S. mansoni infections. These authors studied mixed infections with

3
H
“,

|
b
)

Trypanosoma cruzi and S. mansoni in experiments that varied in the order

e
S St

of,-and intervals between, the twn infections. Thgir results show a

Yy
KL

pronounced enhancement of T. cruzi parasitemia in all experimental

P

protocols. However, when T. cruzi infection preceded exposure to cercariae

~
A

by 5-16 days, there was alwdys a significant inhibition of fluke matura- "
tion and lower recovery of adult worm pairs. At longer intervals the number 4
of f]uLes recovered was always higher in concomitant infections. Kloetzel i
et al.(1973) hypothesized that T. cruzi might develop within S. mansoni,
but make no mention of the\pqgiiEle importance of non-specific immuno- g
logical mechanisms orﬁimmunosupprengoh during these interactions. :

Further evidence of the importance of non-specific resistance g
in h;?minth infections has been provided by Hunter et al. (1967) in a

3
detailed study of cross-resistance between Nippostrongylus brasiliensis

Gae, "
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and Schistosoma mansoni in mice. The immunization of mice by infective \

larvae of N. brasiliensis and a challenge infection with S. mansoni } )~ i

cercariae 7 days 1aterfresu1ted in a significantly lower recovery of '

flukes than in controls without N. brasiliensis infections. This cross- g

?

resistance was not reciprocal, as a primary infection with S. mansoni
N -
failed to influence a chatlenge infection with N. brasiliensis.

i Vo
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Immunoelectrophoresis a"nd indirect hemagglutination using antisera

. l raised in rabbits against S. mansoni cercarial antigen and N. brasiliensis
larval antigen showed at least one common antigenic compongnt,‘ but
serological Cross reactions were not evident in sera from naturally
infected mice. The albih‘ty of N. brasiliensis to stimulate non—specifi'c‘
tumor immunity (Keller et al. 1971) and the failure of Hunter et al.

< (1967) to demons/trate humoral cross reactivity in natural 1'nfect1'o/ns

v p i

with these two parasites, supports the idea that non-specific cell-
mediated immunity may be an important part of acquired resistance to °
_ schistosome infections. | .
A non-reciprocal cross resistance has also been reported by
Jachowski and Bingham (1961) who found that animals infected wi Ith 1.
s spiralis for 5 weeks were ;\artiaﬂy refractory against a challenge with
S. mansoni cercariae. The mechanism of this interaction is still obscure
however, since a:w;de variety of S. mansoni antigens car; serologically
’ cross-react with antibodies to T. sgira]i‘s infections (Anderson 1960; N
‘ Senterfit 1958; Weinman 1960). fn view of the kpown ability of T.
égira]is to potentiate a non-specific, cell-mediated response to a vln'de
variety of heterologous organisms and tumors (see Chapter II), it is
entire]fy possible that both humoral and non-specific cellular mechapisms _
* may operate in the above interactior. o

° - Sinski (1972) has conducted a preliminary study of the inf]t;ence

°
<

of Nippostrongylus brasiliensis infections on resistance to Trichinella

spiralis in the rat. These ex})eriments demonstrated that rats which were
previously immunized with either single or multiple doses of N. brasiliensis

infective, larvae before challenge with T. spiralis, showe/d highly significant

. .
‘ N
. <
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reductions in the recovery of T. spiralis muscle larvae, such that the

recovery was 2.5% or 23.2% that of control 'animals respectively. Louch
'(1962), in a similar study using concomitant infections of N. muris and

T. spiralis, also found significant reductions in the recovery of ﬁuscle
larvae. Sinski (1972) and Louch (1962) suggested that these effects were
probably due to an earlier expulsion of adu]t Trichinella by anyenhan-

ced inflammatory and delayed- type hypersensitivity reaction-at the intes-
tinal level as was or1g1na11y suggested by Larsh (1967). The 1ack of com-
mon prec1p1tat1ng antibodies between these two helminths does not preclude
the action of a common humoral mechanism 1Aﬂ&‘ infections, nor do these
results exc]ude the poss1b1g importance of a nonrspeC1f1c cellular react1on
.in the inhibition of larviposition, m%gration or‘encystment of T. spiralis
in host muséle tissues.

,The ability of 'N. brasiliensis to potentiate non-specific host

-~

resistance may not be Timited to other helminths an& tumors.lﬁﬁmaren and
Bammeke (]970) have examined the pathological and biochemical changes that

occur in rats concurrently infected with N. brasiliensis and Trypanosoma

congolense. They have shown that animals infected with N. brasiliensis

have reduced T. congolense parasitemias and enhanced survival times as
) !

compared to controls without nematode infections. These authors concluded

that protection was probably due sto competition for nutrients between the ,

parasites, a conclysion that is not entirely 3ustifiab1e on the basis of
the data they presented. It is quite possible that this interaction may
be an immunological one in which non-specific gtimulation of RES activity
or ce]]—medi;ted responses also play ang%mportant role. .

Yoeli (1956) has examined a similar type of interaction using




~

v

N

P Y

Y

concomitant infectiwns of Schistosoma mansoni and Plasmoliun Berghei in

the field vole (Microtus guehtheri). In animals recejving plasm&dia] in-

fections 1-2 weeks befdre or after'egeposure to cercariae, a marKed increa”ge .

3

in chronic P, berghei infections was observed. However, when Plasmodial

TR

infections were initiated 4-7 weeks after exposure to cercariae, approximate-
\ . » Vs

ly 38% of the animals showed no parasitemia at all and 50% had only mild

parasitemia followed by prolonged latency or campl ete recovery. The latter

. . - 1o
~ " 7. 'l A‘.
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effects coincided with a period of maximum tissue.reaction, cellular pro-

1ifera.tion,‘ and 1‘nfﬂ’trat1‘on'as a result of the concomitant S. manson'i
> _— | ‘.

1nfect10n5er and Yoeli therefore presumed that an alerted RES with marked

mcrease in phagocyt1c act1v1ty may significantly alter the course of a ‘

concomi tant plasmod1a1 infection. Although Yoeli's conclusions are not Jhst1—

. b o

f1ed by an adequate demonstratmn of ‘RES hyperplasia or enhanced phagocytic T

capamty, they neverthe]ess suggest important avenues for further research

o

into the mechanisms of these types of 1nteract1ons As far as this author _,

is aware however, no other studies-on th1s phenomenon have bveen published. ‘5’%
. 'CAYclarifivcation of th'e multiple biological or immuno]ogiccﬂ i ’
factore involved 1n an expl anatmn of these competitive effects will on]y ; | o
be forthcom‘ing after further study of* these types of hosgt- paras1te inter- _
actwns ﬂ , ‘ w
‘ \ o ’ , _
! : efé‘ff:’
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" D. JHE RES AND NON-SPECIF'IC RESISTANCE TO TRYPANOSOMES /

. One of the most widely investigated functions of the RES has
been 7ts position among the non-specific mechanisms of host defence

against infection. The evidence that the RES plays an active role in o
o
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non-specific resistance has been based chiefly upon 3 different experi-
~mental approaches: 1) The impairment- of the immunological ’defenses of

an experimental am‘ma] by the blockade of its RES, Z) The demonstration

af enhanced ability to,uc1ear intravéneous]y injected particulate matter
(such as ‘colloidal ca;bon) from the blood sfream of infected animals, .
a\nd 3) The use of chemical or biological agents to stimulate RES

\act'ivity in infected'aqima]s inorder to alter the course of the infection,
In spite of the most ingenious experimental ménipu]ations, these three
,approaches have not a1way§ provided unequivocal answers, A detailed disqus—
sjon of thisﬂ subject is be‘yondb the scope of this thesis. However,} all threé
aifapmaches have-stucceeded in démonstra‘éing both convincing corre]étions,

and lack of correlation between enhanced RES phagocytic activity and en-

hanced immunity to infection and neoplasia (Bohme 1960; 01d et al. 1960 , 1961;

tal. 1969).

Freedman 1960; Ruskin
It is‘ now well recognized that the mononucl ear bhagoc_ytes of
the RES do play an essential role in host resistance against invading
pathogens. Biozzi et al. (1975) have reported that enhanced phagocytic
function of the RES is one of the primary mechanisms of host resistance
against many gram-negati\}é and gram-positive bacteria. Mims (196’4) has
presented a review of the 1iterature concerning virus-macrophage inter-
actions and reports that macrophages that phagocytize viruses can either 1
support their growth, allow survival until they are transported to other

target cells, or destroy, them intraceﬂd]ar]y.

o
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The principal functions of the RES in relation to the I/iaemo—
flagellates and Haemosporidia were originally recBgnized by Linton (1929)

and Taliaferro (1929). They recognized that certain parasitic diseases

‘were pr_:imarﬂy infections of the RES, and that one of 'the chief defense

mechanisms of the host in malaria and trypanosomiasis was probably
phagocytosis by the macrophages of the RES (Goble and Singer 1960).

3 i
There are numerous reports in thej/iterature suggesting that stimulation

-

of RES activity by a number of viral agents that attack reticuloendothelial

< tissue may non-specifically potentiate an immunological response that

\
suppresses malaria infections. Yoeli et al. (1955) observed this

phenonmenon in concomitant infections with Plasmbdium berghei and West
Nile Virus in mice. Jacobs (1957) observed a similar suppression of

malaria parasitemia with Plasmodium lophurae and Ornithosis Virus in

chicks and Trager (1959) observed the same interaction with P. lophurae

and a virus that causes splenic necrosis in ducks. L
Observations on the stimulation 6f RES activity and its- role
in Tr)ulpanosomiasis have been made in systems using concomitant infections
of trypanosomes with a variety of different agents. As early as 1904,
Nissle (1904) reported that the intraperiténea] inoculation of Serratia
marcescens (from potato culture) into rats resulted in 1owerAparas1'tem1'a
during infections with T. _t_)_f‘_l_l;_gi. Ma[ssaglia (1906) observed that con-
comitant infections witlp streptococci and trypanosomes caused’the try-

panosomes\to dissappear from the blood. Schein (1907) reported a similar

finding in a dog infected concurrently with Trypanosoma evansi and Bacillus

anthracis.

Y
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Observations on the interactions of concombitant infections of
spirochetes with try-banosomes have been made continually in the past
and have ’been reviewed by Goble and Singer (1960) and more recently by
Felsenfeld (1965,> 1971) and Dallas (1976). T}?autman (1‘907) made one of the

first observations on the effects of relapsing fever spirochetes (Borrelia
1 T

duttoni) in suppressing T. brucei infections, and since that time numerous
—_— R Ny .

“ﬁ:\h,j\

examples of this type of interaction have appeared in the 1jterature. The

species of Trypanosoma .shown to be suppressed in concomitant infections
W

with spirochetes include T. brucei, T. gambiense, T. rhodesiense, T. evansi,

T. equinum, T. equiperdum and T. congolense. The spirochetes of the Genus

Borrelia that antagonize the development of these trypanosome species
(possibly via a non-specific stimulation of RES activity) include B. duttoni,

B. merionesi, B. microti, and B. crodidurae.

Tate (1951) showed that Spirillum minus, the causative agent

of Sodoku (rat bite fever),h produced similar effects in rats with T. equinum
and T. Tewisi and earlier it was shown that this spirochete inhibited the -
development of T. brucei (Grillo and Krumeich i934) and T. gambiense
(Ceccaldi and Guilhaumou 1942) in Guinea pigs. Guinea pigs infected with

Spirillum minus and challenged with T. brucei or T. gambiense had fewer .

ki

trypanosomes in the blood ‘and showed enhanced survival times compared to
control animals infected with trypanosomes atone. In the work of Tate (1951),

rats infected with Spirillum minus were strongly resistant to infection

!

with T. Tewisi and T. equinum when inoculated with these trypanosomes

-shortly after inoculation with the spirochete. Resistance to trypanosomes

was most highly developed for a period of 2-4 weeks after infection with
spi:yochetes. In these concomitant infections, vrats inoculated with T.

-,
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eg‘uim’m had only transient primary parasitemias and significantly enhanced

survival times while in rats challenged with T. lewisi after spirochete
infections, only transient ubpatent infections were produced.

It is known that spirocheote infections can cause considerable
RES damage (Haasko 1931; Schlossberger and Grillo 1935) and it might there-
fore be'suggested that the antagonistic effects of spjrochetes on trypano-
some infections could be due to hyperplasia and a compensatory h_yper‘acti\;i ty
of the,ﬁES in response to this injury. Additionally, Ga]]iardé(1931) pointed
out that these antagonistic effects could be effectively reduc;d when sp]én— !

~

ectomy was performed just before or just after the infections. Recent
\

studies in this field by Felsenfeld and Wolf (1973) have shown that Borrelia

turicatae injected sirﬁu] taneously with Trypanosoma cruzi, prolonged the tife
span of mice and reduced the number of circulating trypanosomes. These
authors demonstrated a marked a‘nti genic cross-reactivity of these two para-
sites and found that B. turicatae showed a greater capacity to bind anti- i
body from T. cruzi antiserum than vice versa. |

o The mecﬁam’sms of interferen in concomitant infections of
Borrelia sp. and Trypanosoma sp. are not well understood as yet. Although
these genera are antigenically related, it is difficult to accept the
theory that these effects are merely due to antignem'c relationships and
the synthesis of homologous antibodies by the host, because some species
of Borrelia do not influence trypanosome infections (Galliard et al. 1958).
As early as 1922, Vincent (1927) suggested that macrophage participation

may be ‘important«in these interactions. The importance of enhanced RES

activity or qntigem’c cross-reactivity in these antagonistic effects
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needs to be more fully investigated. It is highly probable, however,

that a combination of these immunological factors W11 be shown to-play

. . . . . . - -
a.role in the potentiation of immunity observed in these host-parasite
interactions. N
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E. BCG AND OTHER IMMUNOSTIMULANTS IN NON-SPECIFIC HOST RESISTANCE ; \

. ‘ . AGAINST PARASITIC INFECTIONS AND NEOPLASIA

\

An important approach to the tred%ment of infectjous diseases

and cancer has 1nvolved'an attempt tovhon—specifica11y alter the natural
" resistance of the host using a variety o} chemical and biological agents
including bacterial endotoxins, Bacillus Calmette-Guerin (BCG), and /

Corynebacterium parvum. The immunological factors involved in non-

specific host resistance to parasitic diseases and cancer ‘are not yet

\
clearly understood, but a large variety of materials have been found to

* non-specifically stimulate either specific immune responsiveness or

genéfa] host resistance (see Table 4.2). The activi?y of these agents
~ may be expressed as a non-specific enhancement of the capacity to form
an£ibody (adjuvant effects) (Miller et al. 1973); by alterations in the
macrophage elements of’the RES including heightened phagocytic activity, .
" and 1nqreased bactericidal and cytotoxic activity of individual macro-
£_.ghages (Biozzi et al. 1960; 01d et al. 1961); or by stimulation of the
Broduction of non-antibody, soluble mediators of immunity that may‘show
direct cytotoxic or cytostatic actizityiagainst parasitic organisms or
neoplastic cells (Clark and Allison 1976). '
h The mycovbacteria and a number of’;gram-negative and gram-.
% positive bacteria have long been known tgfinduce an increased non- 7
specific resistance in the hoit against a variety of viral and bacterial
infections and early research on this subject was reviewed by Shilo

(1959). In relation fo the mycobacteria, Dubos and Schaedler (1957)

demonstrated that the injection of 1iving attenuated Mycobacterium bovis

(BCG) as well as killed BCG could effectively increase resistance to
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TABLE 4.2 - MATERIALS WHICH HAVE BEEN FOUND T0 NON-SPECIFICALLY STIMULATE

THE SPECIFIC IMMUNE RESPONSE OR HOST RESISTANCE*

I. MICROORGANISMS AND SUB-CELLULAR FRACTIONS ™

A. Mycobacteria %

Human and animal strains of mycobacteria including
BCG, MER, and Wax D

B. Gram-negative bacilli

Salmonella, Shigella, E. coli, Serratia, H. influenzae, -
B. pertussis, Brucella, endotoxin moieties

s

i1

D e
QRN

AL

C. Gram-positive cocci
. Staphylococci, Streptococci

Eern,

D. Gram-positive bacilli

o N e

Cor;yneliacteri um parvum, Listeria monocytogenes ' /
E. Others \ i“,
‘ Zymosan, lactic dehydrogenase virus \ j
{ =
1 NONBACTERIAL MWATERIALS v
A. Macromolecules %:
Nucleic acids (DNA, RNA), synthetic polynucleotides, ﬁ
DNA digests, antilymphocytic serum ' é
¢ " ' ‘Ay
B. Small molecules ij
1. Organic , e
Vitamin A, fatty acids and lipids, epinephrine ’*
2. Inorganic i
, Alum, bentonite, silica, beryllium 5?
The materials listed here are not all distinct entities. Thus, Wax D is \
responsible for the classical adjuvant properties of whole mycobactema -
but its role in the induction of .resistance by MER and BCG is unknown; and
the ]1popo1ysacchar1de portion of the bacterial cell wall is at least one
of the common actT\vé' components of many other microorganisms ¢
* This refers to a material whose administration confers on the recipient
the ability to respond, or respond more efficiently, to challenge with a
non-crossreacting antigen, bacterium, parasite, or tumor, as measured by
either a heightened specific immune response or by a general increase in
natdral resistance. From a review by Yasphe (1971). ‘
\ ! | "’i<
B
i
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staphylococcal infections. QOther non-pathogenic mycobacteria have also

‘ & AV . .
" been shown to increase the host's non-specific resistance to bacterial-

infections, and enhance the phagocytic activity of the host's RES

(Biozzi et al. 19607 . In general, however, the degree of enhancem_ent of

both these activities was not necessarily paré]le] (Bohme 1‘960). . .
More recently, the Bacillus Calmette-Guérin (BCG) strain of

Mycobacterijum bovis has become a popular agent for the immunotherapy of

cancer (Hersh et al. 1973). The activity of BCG as an immunotherapeutic
agent may involve a combination of several mgcham'sms:

1) A generalized, stimulation of immune responsiveness and 1ympho-
reticular activity, following systemic administration (01d et
al. 1960, 1961). |

2) A Tocal and non-specific destruction of tumor cells at the
si,te of a delayed-type hypersensitivity reaction to BCG
(“innocent bystander® effect) (Bartlett et al. 1972).

_3) A true adjuvanticity whereby- the administration of BCG in
‘ temporal and spatial proximity to tumor cells (either mixed in
tumor cell inoculum or by infiltration of tumor nodules) results
in augmented development of systemic, tumor specific, rejection
immunity (Bartlett and Zbar 1972; Hawrylko and Mackaness ]'973).
In terms of the treatment of cancer, the most reliable effects with BCG

AY

have been in the local destruction of tumor nodules into which the bacteria
have been injected (Hersh et al. 1973). Systemic effects suggestive of
stimiﬂated tumor rejection immunity are rare, although they are the

ultimate goal of immunotherapy. .
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The use of BCG and other bacteria such as Corynebacterium

-

parvum in research investigating the importance of non-specific immunity
in the host-parasite relationship, Ahas become highly fashiona?le. N
Indeed the efficacy of using BCG, C. parvum or other non-specific immuno-
stimulants in the immunotherapy of parasitic infections is currently

L under intensive investigation. Live BCG has~been reported to protect

O R ? -»%WY’WW S5 R ’?ﬁ‘s‘ﬂ,‘f@“‘%ﬁ%

against a number of protozoal infections, the success.of which varies

-according to the route of administration. Thus intraperitoneal inoculation

~

~

AT &

ok

of viable BCG was unable to protect mice against Trypanosoma cruzi (Hoff

"

1975) or Toxob]asma gondii (Frenkel and Caldwell 1975), and viable BCG

injected into the retrobular space of rabbits did not protect the eye

. from T. gondii (Tabbera et al. 1975). | §

!

In contrast, pretreatment 1'n1;raveno,hs1_y with viaE]e BCG reduced

the number of circulating T. cruzi and enhanced survival times of mice

(Ortiz-Ortiz et al. 1975) and protected rabbit's eyes from T. gondii

(Tabbera et al. 1975). In none of these cases, however, was protection

A R R R AN AT SR - St IR E R W{f St

. ? as strong as that observed .using BCG immunization against Babesia microti,

Babesia rodhaini, Plasmodium berghei yoelii and Plasmodium vinckei

(Clark et al. 1976). Kuhn et al. (1975) were unable to suppress T. cruzi

S PETET TRRINTT

parasitemia or enhance survival times by pre-treating mice with BCG ‘ ’

The differences observed in the effect of BCG on protozoal infections

i

CENAPR N L 5T

may simply be a question of the viability of the BCG strain, the dose

1 ‘
- -and.route of administration, or the timing of the immunization relative

X
K
13
;

to the challenge infection, rather than any fundamental differences in

the protection afforded by BCG immunization against different intra-

cel‘l ular protozoa. ©
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It is obvious from these obser@a%}ons and the conflicting results of

) * 70
. } . , , ;
. This may be especially true in view of the recent work by
Kierszenbaum (1975) who studied the effect of C. parvum on T. cruzi in .

mice and Bartlett et al. (1976) who examined the relationship between

doses of BCG and tumor rejection phemonenon. Corynebacterium parvum is

one of the most powerful RES stimulants known to date 2Ha1pern et al.
1963), and has been shown to increase resistance to transplanted tumors -
and bacterial infections (Schwab 1975), as well as significantly protect

mice against challenge infections with Plasmodium berghei (Nussenzweig

1967). Kierszenbaum (1975) demonstrated the importance of the route

of administration fo this bacterium by showing that intravenous, but n;t
intraperitoneal injection of-killed C. parvum either before\or after
intraperitoneal infection with T. cruzi, produced enhanced resistance
against this protozoal infection in mice. Recently, however, Brener

and Car&oso (1976) were able to demonstrate delayed mortality and
suppressed T. égg;f parasitemia using a different strain and dose of

_C. parvum injected intraperitoneally. In a study on.BCG dosage and

tumor rejection phenomenon, Bartlett et al. (1976) found that the
dosage of BCG reqqired for optimal suppression of Tocal tumor growth was
detrimental to the development of a sustained, systemic tumor immunity. -

Kierszenbaum (1975) and Brener and Cardoso ' (1976) that the variable

effects of dosage and route of administration, on non-specific stimu-

v ¥

lation of host resistance against protozoal infections and tumors,

needs further evaluation and research. -

Swartzberg et al. (1975) have reported on in vivo and in

vitro experiments that examined the effects of C. parvum on resistance
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|

of mice to Listeria monocytogenes and virulent and avirulent strains of
T. gondii. Intravenous administration of C. parvum conferred transient

protection against Listeria monocytogenes or the avirulent strain of T.

gondii but did not protect against a virulent strain of T. gondii.
3 ‘

" Results in vivo did not correlate well with the enhanced cytotoxicity of

macrophages from C. parvum - immunized mice for T. gondii in vitro.
Hoff (1975) also failed to correlate an enhanced in vitro killing o%jL
cruzi by macrophages from BCG - immunized mice with enhanced immunity in

vivo. The apparent dichotomy between macrophage activation and enhgnced

¥

killing of protozoan parasites in vitro and the lack of protection when

BCG or C. parvum - immunized hosts are challenged iﬂ;vivd also needs

further clarification. . )
The most promising and consistent resu1t§ to date uéing BCG

or C. parvum in the treatment of protozoal infections are .those of

Clark et al. (1976) and Clark and M1ison (1976). These authors have

been able to completely suppress the development)of Babesia microti,

-Babesia rodhaini, Plasmodium berghei yoelii, and Plasmodium vinckei in -

mice using intravenous or intraperitoneal injection of BCG or C. parvum.
The mechanism of this protggtion is still somewhat obscure, but these
researchers present preliminary evidence that protection may not be due
to either Eross-reacting)antibodies, enhanced production of parasite
specific immunog]obu]iﬁs§ or enhanced macrophage phagocytic activity.
Instead, these authors have presented evidencé for a hypothesis that
BCG or C. Egrxgm_enhances‘the production of non-antibody, soluble
mediators of immunity (possib]y”]ymphokines) that may be able to inhibit

intracellular growth and development by interacting with the parasite

I
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directly or by altering host cell metabolism and indirectly inhibiting

parasite replication (Clark et al. 1975; Clark and AlTison 1976). Further

research is needed in order to character;;ze the origin and nature of

the non-antibody, soluble serum factor described by these authors as well
as to clarify the mechanism by which parasite development: is inhibitJed\
intracellularly. If this h_yppt’hesis is correct, then it is possible *
@hat this: type of non-Zpecific immunity’ may also be active against other
intraceﬁu]ar parasites such as T.,cruzi and T. ggﬂﬁ It is the
opinion of this author, however, that the non-spécific activity of BCG
and C. parvum as immhnotherapeutpic agents in general, will probably be
‘shown to @e a result of a combination of the mechanisms discussed in

thist sectibn.

At this time, very little research has been coanducted oﬁ the

’

effects ‘of BCG, C. parvum or other non-specific immunos timulants of this

©

type on helminth infections. Rau and Tanner (1975) studied the effects

of BCG on the asexually proliferating stage of the cestode Echinococcus

multilocularis in’ the cotton rat (Sigmodon hispidus). The growth and"

Q

metastasis of these parasitic larvae bears an intriguing resemblance to

the growth and metastasis of malignant tumors (Rau and Tanner 1976).

‘Pr‘etreatment of the cotton rat with an intraperitoneal inoculation of .

BCG one week before an intraperitoneal chalienge with\the Jarval stage

of E. multilocularis, significantly suppressed the growth and metastasis

of this parasite. BCG treatment two weeks after initiation of the
hydatid infection, failed to suppress the establishment and growth of
the parasite cyst mass but did reduce the number of parasitic foci in \

the infection. The mechanism of these protective interactions is currently

4 under invegtigation (Reuben and Tanner 1976, personal communi'catidn).

]
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= Mahmoud et al. (1976) have examined the influence of BCE on
. \
Schistosoma mansoni infections in the mouse. In -a well planned and well
N y

executed preliminary study., these authors demonstréted that BCG\ induced
a high degree of non-speci fic resistance against S. mansoni infections
whehi administered intravenously. Protectiog was related to the strain
of BCG used, as well ‘as’,thé dose, timing, and route of inocu]at’iorrﬁof
“the BCE:‘. relative to the challenge infection with S. mansoni. i

"1t is probabJe that these preliminary studies will.stimulate

3 - |

interest and research into the importance of noh-specific immunity in
i ) ® d

the corx;ro] and immunother‘apy of helminth! infections in general.
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CHAPTER V . L e

DEVELOPMENT OF CROSS-PROTECTION AGAINST £

TRYPAN@S(OMA LEWISI IN RATS INFECTED WITH TRICHINELLA SPIRALIS & o

IR 4
‘ . b . ' N - oo T

ET N

A}

INTRODUCTION _ _ L
R 0
“As noted in Chapt§r 11, altered immunological respon;weﬂess in

experimental Trichinellosis 1s"weH documentéd.- Numerous mvest\gaf‘tdps&; RO

a~

have supplied evidence that Trichinella spiralis cad iﬁldu'ce immﬁno]odiéal i

b3

unresponsiveness to heterologous antigens, allografts and virus infections-
ALLA I

in mice and rats. Immunosuppress n in Trichinellosis is a tr'ahsfent phen-

of

omenon and is probab]y related to a particular stage of the par*aS'rte s life

cycle in the host (Faébert 1976) . It has been characterjzed by an enhanced
retention (;f skin allografts (ChernJi‘akhovskaia et al. 1971, 1972; Faubert
and Tanner 1975; Ljungstrom 1976; "‘Svet-Moldavsky et al. 1970) and heart
allografts 1n mice (LJungstmm1976) by a suppression of complement—
fixing and nqutrahzmg antibody responses to Japanese B Encephalitis (JBE)
virus in mice (Cypess et al. 1973; Lubﬁm’e’cki et al. 1974~; Lubiniecki an‘d
Cypess 1975), the humoral antipody response to Vaccinia Virus in n‘n'ce
(Chimishkian and Ovumian 1975), and the humoral and cell-bound antibody
responses of mice to sheep erythrocytes (Barriga 1975; Faubert ,arf1d Tanner
1971, 1974; Faubert 1976; Lubiniecki et al. 1974; Lubiniecki and Cypess
1975); by p;atho'logic“:ﬂ changes that occur in:-the lymph nodes of mice dur-
ing various stages of the infection (Faubert and Tanner 1974); by the Teuco-
agglutinating and eytotoxic characterist‘ics of the serum of infected m1é)e

and soluble extracts of the muscle 1arvae of T. g1rahs for 1ymph node

cells 1n vitro (Faubert and Tanner 1974%, by the failure of spleen celis

.from infected donor mice to induce Graft vs. Host reactions in hybrid mice

1 . .
(Chimishkian et al. 1974); and by the inability of mouse bone marrow cells
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from nematode-infected qmmiﬁs to reconstitute immunological competence
« e «'f'- P24 ,,r' Lot . ~

in thymegtdrdizé& ii;?ld lethally irradiated mice (Faubert anci Tanner 1974).
’Irmnunosuppreslsién‘ ir; Trichine]_]osis‘has also be:en characteri zed b):/ an
’increase’d susceptibility to JBE virus and Encepha]on{wrdia] virus {EMC) . ;
in mice and 'rat; re§pective1y (Cypess g_c'__a_'l_. 1973; Kilham and 61\iv{er 1961;
L\ubiniecki et al. 1974), and Vaccinia Virus in mice and rabbits (Chimis\h—
- kian and Ovumian 1975). < -
- In contrast to the‘in\munos'uppressive]eeffects of ir;fectjons ‘with | 8
T. $piralis, a number of recent studies have demonstrated: that this nematode
- B can also induf.’e a state of ‘non-specific resistiance tc’a’heter‘ologous l;actéria,

e protozoa, and tumors. This immunopotentiation has been chiracterized by a

decreased susceptibpility of mice to Listeria monocytogenes (Cypess _e_t_’al.u

: - 1974); by 1'nh'ib§ted devélopment of Erysipelothrix insidiosa 1'nfect1'9ns

in rats (Toshkov et al. 1975); by a potentiation of cell-mediated hyper-

g

sensitivity (delayed-type) to: BCG in mice (Cypess et al. 1974; Molinari

et al.1974; Molinari and Cypess 1975); by a decreased incidence of spon-

I

taneous mammary carcinoma and enhanced longevity in Swiss mice (Weatherly

oo

1970); by the partial inhibition of the induction and development of $-180

Ascites tumors in mice (Lubiniecki and Cypess 1975); by anti-neoplastic

’

“activity towards B-16 Melanoma and Lewis Lung Carcinoma in mice (Molinari

and Ebersoje 1976); by a stimulation of RES fixed macrophage phagocytic
activity in mice (Cypess et al. 1974); and by the cytostatic effect of
mouse peritoneal macrophages from nematode-infected hosts on Rl Leukemia -

cells in vitro (Meerovitch and Bomford 1977). |

The mechanisms by 7wh1'ch this nematode induces states of altered

immunological responsiveness are still unclear. It has been suggested that

r

i -
immunosuppressiﬁn may be the result of sequential antigenic competition

/

#
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(Lub1n1eck1 and Cypess 1975) the secretion of 1mmuno§uppress1ve factors

-

. ' . by the newbom 1arvae of T. Ewah (Faubert 1976 Ackerman and Faubert

1977), a reductlon or depletion of thymus- demved, antigen- reactwe T-ce]]

T AT

populations in infected hosts (Fauberjt and Tanner 1974;' Ljungstrom 1976),
~or the stimu]a‘iion of suppressor T—c.eﬁ activity in the spleens of -infected

mice (Jones et al. 1975). In view of the Known -immunosuppressive effects

3

of T. pirah’s on humoral immunity, it has been suggested that immunopoten-
tiation 1s probably a reﬂectwn of enhanced non-specific RES activity or

—

non-specific cetl-mediated immune responses (Cypess et al. 1974; Meerowtch

[y

and Ackerman 1974).

The occu}ence of both immunosuppression and immunopotentiation
in Trichinellosis  appears to be contradictory. }!owever, these phenomena
may not by mutua]]_y exclusive and are probably an expression of the timing
qf the various modes of antigenic stimu]ati?n by particular stages of the
parasite’'s life cycle in the host. A similar eiffect has been demonstrated -
\ in mice in which enhanced anti-bac/terial resistance (due to non-specifically
-acti'\fgied macrophages) is aécompam‘ed by humoral 1'mmdnosuppr~ess1‘on during
Graft vs. Host reactions (Blanden 19IG9). The Tack of a satisfactory explan-
ation for these contradictory effects, prompted me to investigate these
phenomenal further in experimental Trichinellosis in the rat model.
0

In a preliminary study, Meerovitch and Ackerman (1974) reported

that rats infected with T. spiralis for 30 days were partially protected

against a chalienge infection with either Trypanosoma lewisi or Tr;ypanotsoma

equiperdum. Protection was manifested by a significant inhibition of the
development of trypanosome parasitemias in concomitantly infected rats.
‘Since I. lewisi is a non-pathogenic trypanosome of the rat and the in-

fection is mediated by a well characterized humoral response (D'Alesandro

a
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T976), we ‘felt® that a model using concomitant infections with these two

b

panasﬁtes would be advantageous in examining immunopotentiation in

“Trichinellosis aéfi% relates to immunosuppression, the fiematode.life cycle

and Tevel of infection, as well as the immunological mechanisms involved

in this host-parasite interaction.

. MATERIALS AND METHODS- o

1) THE ANIMALS

\\ « Charles River, CDF, inbred albino, female rats (~100 grams)

-

(Charles River Breeding Laboratories, Wilmington Mass.) were used in all

experiments. Animals were housed individually in wire bottom cages and
received Purina Rat Chow and water ad 1ibitum. Outbred CD, albino female
rats (100 grahs) (a Sprague-Dawley line; Canadian Breeding Farms (CBF),

St. Constant, Quebec) were used for maintaining infecting stocks of /;
|
Trichinella spiralis and Trypanosoma lewisi. Fema]e,’New Zealand white
/

rabbits (3-5 Kg)(CBF) were used for the production of antisera to T.

Tewisi and T.spiralis antigen extracts.

2) THE PARASITES

The strain of Trypanosoma lewisi used ih this study was a stabi~

late of the Winches Farm Strain (London School of Tropical Medicine énd
Hygiene) and was originally isolated from a wild rat and cryopreserved in
1970. It was obtained as a stabilate (LUMP 122) from Dr. Pierre Viens
(Dept. of Microbiology, Univ;rsity of M&ntrea]) in September 1973, and has
be?n passaged bi-weekly since that time in CD female, albino rats by the
intraperitoneal inoculation of 1.0 x 105 trypanosomes in rat blood diluted

in Hank's Balanced Salt-Solution (HBSS).

[

TN



. Trypanosomes for the initiation of experimental infections were
obtained from stock_infected rats which had been inoculated 12 days previ-

. \ ) . . .
. . ousky: ‘Rats were bled aseptically by cardiac puncture into HBSS contain-

- . prepa;ed in sterjle HBSS, supplemented with {% glucose, according to the
technique described by Lincicome and Watkins (1963). Trypanosomes were
immobilized (for counting) by making an appropriate dilution of the suspen-
sion in 10% (w/v) sodium citrate solution and were counted in a Spencer
Bright Line Neubauer Hemocytometer using phase contrast 111uminatioq (400x

F magnification). Experiménta] infections were initiated by {njecting‘rats

with 5.0 x 103 infective trypomastigotes (0.5ml) intraperitoneally without
anaesthesia. Trypaﬁosome parasitemia was followed during the course of %he
T. lewisi infections by déi]y hemocytometer counts of tail blood diluted
1/200 using 10u1 capillary tubes and "Unopettes" (Unopette #5851, Becton-

i

Dickinson and Co., Rutherford, New Jersey) filled with 2.0 ml of formol-

saline (0.85% (w/v) sodium chloride, 0.25% (w/v} formalin).

¢

Trichinella spiralis used .in this study is a Canadian porcine

WG N SRS

strain that was originally obtained in 1959 from the Animal Diseases Re-

search Institute, Hull Quebec, where it was isolated from a domestic pig.

It has been maintained since that time at the Institute of Parasitoiogy of

DB 2

N McGill University exclusively in Sprague-Dawley rats. Infecting stocks for
g : . thi; study were maintained in CD female,walbino rats, inoculated with 3,000

infective muscle larvae.

Experimental infections and the recovery of muscle larvae from

experimental animals were done according to techpiques adopted from Tanner
, \ (1968). 1. spiralis muscle larvae for all experimental infections were
‘ recovered from donor stock rats which had been inoculated 30 days previous-

ly. Infected rats were stunned, decapitated, skinned and eviscerated and

ing sodium heparin (100 units/ml) and pure suspensions of trypanosomes were ,
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the carcasses were homogenizedlin a 400 m stain]éss steel chémbef with
a Serval "Omni-Mixer" in digestion fluid (tap water containing 0.5% (v/v)

HCL and 0.3% (w/v) pepsin powder (Fisher Scientific)). The muscle larvae

¢

were recovered by sedimentation after digesting the homogenized carcasses

for' 4 hours at 37° C. with constant stirring, in 3.0 liters of digestion

- fluid. The larvae were washed with phosphate buffered saline (PBS, pH 7.2)

apd counted (using constant stirring of an appropriate dilution) in McMaster
Nematode Egg—countiﬁg Chambers (Hawksley Ltd., London, England). Inoculating “
doses were prepared in 0.5 m1 of PBS and experimental‘anima]s were inoculat-
ed orally without anaesthesia using a biunt-end inoculating needle (#lﬁé -

3 jnch, Canlab, Montreal). Muscle larvae were recovered and counted at the °
endlof each experiment as described above, but the weight of each carcass

was determined before. the digestions were initiated. - ; T

3) ANTIGENS . . \ }

The soluble antigen extract of Trichinella spiralis CISE) used

for immunizing rabbits and in immunodi ffusion and immunoelectrophoretic
anaiysis was prepared from washed, lyophilized muscle larvae, essentially
as described by Tanner (1970). Lyophilized muscle Tarvae (in a ratio of
1 gram : 25 ml buffer) were disintegrated for 30 minutes with ultrasounds
from a Fisher 8P-2, 20 kc, u]trasonic.probe (200 watt power supply) with

continuous cooling (0° C.). The sonicate was centrifuged at 50,000 x g

-~

(30 min.) and 100,000 x g (2 hours) at 2° C. and protein concentration was
determined according to the technique of Lowry et al. (]951) and adjhsted

to 10 mg/ml. TSE for immunoelectrophoretic analysis was extracted further

in 0.5% Triton X-100 for 12 hours on ice, with occasional mixing prior to

centrifugatiog{ Soluble extracts were stored on ice or frozen at -70° C.

;
s

until needed.
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' A crude)antigen of Trypanosoma lewisi (TLA) for immunizing P v

’ rabbits was prepared from trypanosomes collected from infected ratsl
12—14 days after inoculation, just after the first crisis. Pure washed '( ;if
suspgnsions of trypanosomes were prepared according to the technique of ‘ “%g
Lanham (1968) and Lanham and Godfrey (1970), using DEAE-Cellulose Anion b §§
Exchanger (coarse mesh, 0.90 meg/gram, Sigma Chemical Corp.) and a mod- {gé
ified column design (2.5 x 40.0 cm glass chromatograbhy'co]umns, bed éé
volume 150.0 ml) in a closed, gravity flow system.IDEAE—Ce]TuTose was | ?f
prepared according to the technique of Peterson and Sober (196?). 4
Suspensions of trypanosomes (5.0 x 109 organisms/ml) waﬁé disrupted by . f;
sonicat{on 3 times for 30 secs. with five minute inter6a1s for cooling, ‘%ﬁ

‘

using the Fisher ultrasonic probe described above.

A soluble antigen extract of T. lewisi (TLE) for immunodiffusion
and immunoe1ectrophorefic analysis was prepared by extracting the TLA fur-
ther in 0.5% Triton X-100 for 12 hours on ice with occasional mixing. Thi§
preparation was centrifuged for 2 hour; at\]O0,000 x g and the protein con-
centratiqn of the extract was adjusted to 10 mg/mlkusing Aquacide {Calbio-
chem, Richmond, California). TLE was stored on ice or frozen at -70° c.
until use.

Sheep red blood ce]]s‘KSRBC) for immunizations, hemagglutination
(HA) and hemolysin (HL) titrations were prepared by centrifuging citrated -

blood and washing 3 times in PBS (pH 7.2). Suspensions of the required

concentration were prepared in PBS immediately before use.

4) ANTISERA

IS

Rabbit antisera to T. lewisi crude antigen (TLA) were:prepared

' according to the procedure described by Yasuda and Dusanic (1971). Three )

V d
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~ One week after the last injection, the blood was cobtained by:cardiac punc-

|

- female New Zealand white rabbits were injected intranuchally (subcu- J

. taneous), with 1.0 ml of TLA (~5.0 x 109 trypanosoﬁes) emulsified with

. and Equé] volume of Freund's Complete Adjuvant (FCA), three times at three

week~interva1é.‘Tw0*weeks after the last immunization, tﬁe rabbits were
bled by cardiac puncture. The serum was collected by centrifugation (1500
X g, 30 min.) after the blood had been allowed to clot at 4° ¢. for 12
hou}s. Sera were heat inactivated (56° C., 30 min:) and stored at —200 C.

until use. F

Rabbit antisera to T. spiralis antigen extract (TSE) were pre-
pared according to the following technique: five female New Zealand white
.rabbits were injected with TSE (10 mg/ml protein) emulsified with equal
volumes of FCA intramuscularly in the hind legs (left and right legs alter-

nately) 3 times per week for a period of one month. At approximately one

month intervals, for four months, the rabbits were boosted with further
injections of TSE as above. Rabbits received a total of 6 ml of TSE or

approximately 60 mg total protein during the course of the immunization.

.

ture and the sera collected and stored as described above.

Rats used for the routine maintenance of T. lewisi stock
infections were hyperimnunized after they had recovered from a primary
infection (~40 days) by injecting them intraperitoneally with two doses

!
of a purified suspension of living trypanosomes (1.0 x 107

organisms,
prepared according to the ‘technique of Lincicome ‘and Watkins (1963))
given at one month intervals. One week after the last injection, the rats
were bled by cardiac puncture and the sera collected and stored as

~

described above. Immune rat sera were collected in the same manner just




~after the animals had recovered from a primary infection (n40 days).

_ Pelikan Special Biological Ink, Gunther-Wagner, Pelikan Werke, Hanover,

.82

~ . %\
Hyperimmune rat antisera to T. spiralis were collected from rats

fhat were inoculatgd\vith 3,000 infective muscle larvae and challenged with
a second dose of 3,000 larvae 30 days later. Two weeks after the challenge
infection, the rats were bled By cardiac puncture and the sera collected
as described above. Immune rat antisera to T. spiralis were collected in
a siﬁi]ar manner from rats infected with 100 or 1500 {arvae/rat at 7, 14,
28, or 56 days after infection.

Rat anti-SRBC antisera were obtained from animals that were

? SRBC in 0.5m1 volumes prepared

injected intraperitoneally with 2.0 x 10
as described above. Six days after immunization, the rats were bled by
cardiac puncture and the blood allowed to clot at 4° C. for 12 hours before
centrifugation (1500 x g, 30 min.). The rat sera were heat-inactivated

(56o C., 30 min.) ‘and stored individually at -20° C. until HA or HL titra-
tions were performed. \

\
5) ASSAY OF RETICULOENDOTHELIAL SYSTEM (RES) ACTIVITY

The gﬁifg1opectic activity of the RES durihg experimental
Trichinellosis in the rat was assayed according to methods adopted from
Biozzi et al. (1953). A colloidal suspension of carbon partib]es (20-30 mp

: , {
in size) stabilized in fish glue free from shellac (preparation #C11/1431A-

Germany) was administered via the tail vein to rats previously anaesthetized i
intraperitoneally with Nembutal. The dose of carbon was calculated to be

f LA

8 mg/100 grams body weight. 10ul samples of blood were obtained from the ;%g

tail yein of rats at'2, 4, 6, 8, 10, and 12 minutes after the injection

R

/
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\ | .
of’ﬁo]]oida] carbon using pre-calibrated 10u1 capillary tubes and w»~%}
i

"Unopettes“ containing 4.0 m1 of 0.1 M sodium carbonate as di]ueﬂt.

The concentration of .carbon in these samples was read'spectrophoto-
metrically at 650 nm on a Pye Unicam SP1800 Ultraviolet Spectraphoto-
meter that was pre-calibrated to read carbon concentration directly in
mg/ml. When the log of the Larbon concentration is p]ottéd against

sémpling time, the clearance rates are 1inear and can be expressed
log Co - log C

‘ T )
tration of carbon in the blood at time T and C0 the blood concentration

as a slope K, where K = or C = Colo'kt. C is the concen-

of carbon just after the injection and before the particles are absorbed

by the RES. K is a cons@ant which characterizes the clearance rate of

carbon from the blood and is cﬁf]ed the Granulopectic Index (Bigzzi et al.

1953). Two-variable linear regression analysis was,performed onﬂ]og]O ‘

carbon concentration vs. time, using the preprogrammed functions of a Monroe
N

1860 Calculator and the s]opé of the regression lines used as" the value

1

of "K" for each rat tested.

26) HEMAGGLUTINATION® AND HEMOLYSIN TITRATIONS

The directohemagglutination (HA) test was done essentially’ as
describe% by Stavitsky (1954). Serial %wo-fo\d dilutions (0.05 m1) in PBS
(pH 7.2) of inactivated (56° C., 30 min.) rat anti-SRBC antisera were mixed
with 01025 ml of 2.5% SRBC in “Mic;otiter? plates §Cooke Laboratory Products,
Alexandria, Virginia). After ﬁjxing, the plates were 1néubated at ;oom
temperature and the agglutination titer\was read after 12 hours as the
highest dilution showing a 1+ reaction (Stavitsky 1954). Simi]ér volumes
of SRBC were uséd for hemolysin (HL) titrations and 0.05 ml (5 CH50 unit?)

of Guinea Pig Serum (BBL, Cockeysville, Maryland) diluted in Vexonal-
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Bu ffered Saline '(pH 7.4, McVicker (1962) )\Was added as a source of comp-
’ lement to each of the seYum-dilutions. After mixing, the plates were in-

cubated for 12 hours at room temperature and the hemolysin §1ter read as
N 14

t

X the Highest serum dilution showing 50% hemolysis. In both tests the ap-

propriate positive and negative controls were included.
~N . N b

’ | N

K , i 7) IN VITRO LYSIS AND AGGLUTINATION OF TRYPANOSOMES

The in V1tro agglutination of trypanosomes was done essent1a11y

as desc;ibed by D'Alesandro (1976). Serial two-fold dilutions (0.05 ml)

7 Y in PBGS (PBS pH %.2, containing 1% glucose {w/v))of ?nactivated (569 C.,
30 min.) rat antisera were mixed with equal volumes of PBGS containing
agproxﬁmate]y 5.0 x 107 trypanosomes (collected e1ther 6 or 14 days after

- infection) in "Microtiter" p]ates After mixing, thg plates were incubated
at 37° C. for 30 min. and the agg]utinatjon titer was read mwcroscopica11y ;%
as the highest dilution to show a 1+ agglutination reaction (D'Alesandro

1976). For trypanolytic t1trat10ﬁs, 0.025'm} (5 CH50 units) of Gunnea Pig

# ST o BRGSO D N WO - ey e g o c v

Serum (BBL, Cockeysville, Mary]an§& diluted in Verona] Buffered Saline

o

was added as a source of comp]ement to each of the serum dilutions. After
’ k \

\ mixing, the plates were incubated at %70 C. for 30 minutes and the lytic
titer read microscopically as the 1a?i ditution to show l1ysed organisms.

In both tests the appropriate pos1tnve\and negative controls were included.

{

\ ' 8) IMMUNOCHEMICAL ANALYSES

-

OQuehterlony double immunodiffusion was. performed according to
the principles outlined by Ouchterlony (1958) on microscope slides (25 x
75 mm) coated with 1% Agarose as described below for immunoelectrophovresis.

N

Microslide immunoelectrophoresis was performed following the

®
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) © principles described.by Schiedegger (1955)\us1‘rig microscope slides "
’ (25 x 75 mm) coated with 1% Agarose (Bio-Rad, Mississauga, Ontario) in _

' 50 mM Tris - 133 mM G']y;:ine electrophoresis ~bufﬁfe\r (pH *8.5) conta—in/'ing
0.5% (v/v) Triton X-100 and 0.01% spdium azide. A_;utigen wells werq’.charged
wiFh 1011 of TLEl(]OOug protein) or TSE (100pg protein) and electrophoresed
at a'potential of 6 V/em (actual output, 350 Volts). A p ined serum
albumin reference (Amido-Schwartz Stai’n) was allgwed to migrate 5 cm
(~1 hour) after which e]ectmpho‘r'esis was stopped. Serum trouéﬁs were filled
with the app’rbpriatey antiserum and slides were allowed to develop for 24 |
hours at' room temperature in a humidified atmosphere. Slides were washed
extenswe]_y for 72 hours 1in 6 changes of 0. 1 M sodium ch]omde to remove
unprec1p1tated proteins and for 24 hours in 3 changes of distilled water.
‘ ) ‘ Gels were dried overnight at 37° C. and subsequently stained with Amido-
\ - Z Schwartz B10 (Uriel and Grabar 1956) for 10-15 m;nutes and decolorized with )
' Eo 2% acet1c ac1d for 30 m1nutes In some cases, the slides were stained with
the more sens1t1ve protein stain, Coomassie Brilliant Blue, in order to
1dent1fy very weak precipitin lines (9.5 grams Gurr's Coomassie Brilliant

@ ) 4

Blue, #1137, Esbe, Toronto, dissolved in 40.0 ml ethanol, 50.0 ml saturated

Mercuric Chloride, and 10.0 ml Glacial Acetic acid). After a 5 minute

staining period, the slides were washed in ethanol/wéter/acetic acid

40:50:10 for 10-15 minutes. oy

Two dimensional .crossed-immunoelectrophoresis is a very sensitive
// technique that is particularly well s'l’n'ted to the characterization of com-
plex antise\:a with weak precipitin lines, where it is nécéssary to 1identify

N

reactions of identity between heterologous antisera and antigens. The tech—

/mques for two dimensional crossed-immunoelectrophoresis (CIEP) and cmssed-
e ' . immunoelectrophoresis with intermediate gels (CIEPIG) have been extensively
described by Axelsen et al. (1973). Briefly, glass microscope slides

4

\ A

C TR TR TG TRIE ATARE IR TR TR




_— - ‘ / X %86
- (50 x&“75 imm) were coateud with 1% Agaros’e‘in 50 mMn Tris - 133 mM Glycine
é)ectrqphoresis buffer -(pH 8.5), cor’wtaiping 0.5% (v/v) Tri'tan X-100 and
- 0.01% Sodium Azide, Antigen wells were ch‘argéd with 10u1. of tP;e \appro-
. priate antigen “(TSE or TLE, 100ug protein)- and were e]ectrophoresed in
the first dimension at 6 V/cm (actual output, 350 Vo1t’:) un'tﬂ \the pre- . A
stained albumin reference (see above) was 0.5 cm from the edge of the
s1ide (~50-60 rm'n.‘). Second. dimeﬁsion electrophorésis with intermediate
ge]s‘w‘as carried out us1’n§ 400ui or 1001 of antiserum in the reference .
or intermediate gels respec';ivew and control slides received 100ul of-
m'jrmal"h rabbit ;erum in the intermediate gels. Antigens were eLecﬁ’rophores"edd
in th\e second dimension into the antibody-containing gels at a potential
of 2 V/cm (actual output, 110 Volts) for\M hours - in a humidified atmosphere"
at room temperature. The ge1\s were washed in foﬁr changes of 1.03M sodium
chloride for 72 hours to rembve soluble proteins and detergent, and after
rinsing in distilled water for 24 hours, the gels were dried ovérnight at
-37° . and subsequently- stained with Coomassie Brilliant Blie as described
above. ! ~

. ° \ , N 9

9) SPLENECTOMY ‘ S X

. Rats were anaesthetized wiﬂth intraperitoneal injections of Nembu-
tal, laparotomized, and the spleen exposed. Splenic mesenteries were tied
using absorbable su}ures (Ethicon Sutures Inc.; Peterborough, Ontario) and
the spleen was reseéted. Thé abdominal cavity was c195ed using ‘absorb‘abTe
sutures and surgical clips (Wound C1ip - ¢ mm, Clay Adams, New Jersey). The
entire operatg‘ on took 10 nﬁ'nutes and the rats recovered gquickly for the sur-

gery. Control animals were sham-operated by performing /1aparotomy and expos-

ing the spleen. ' i “

~
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10) EXPERIMENTAL PROTOCOLS | , |

EXPERIMENTS I v - CONCOMITANT INFECTIONSSOF T Elr‘ah s AND T. 'lew151

T S NI i, et~

L Y A

The foHowmg set of experiments was designed to examine the in-

. fluence of T. spiralis on host immunological responsiveness to concomitant

BV . A

infections with T.®lewisi. Four factors were investigated relative to the

potentiation of acquired immunity to T. lewisi during Trichinellosis in the i
5 ‘ ‘ " rat host: o . 5
1) The inaculating dose of T. spiralis y

2) The intensity of muscle parasitism
3) The stagé of the nematode 1ife cycle in the host during
which rats were Qhallenéed with a trypanosome infection

4) The influence of splenectomy on immunopotentiation g

T 72N

~ 24 Charles River:, inbred albino, female rats, were used in 4

each experiment.‘ Three groups of six rats each were inoculated with 100,
|

500, or 1500 infective muscle larvae of T. sgirﬁh’s and six animals were

i Dy A AL P
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kept as uninfected controls (contro'ls recewed a sham inoculation of PBS).

Fou;‘ separate experiments were conducted in which rats were chaﬂenged with

~e

 T. lewisi at 7 (Exp. 1), 14 (Exp. 1I), 28 (Exp. III-A), or 56 (Exp. IV) days
after fnfeétion with T. sgiyra]is. As]p‘art of e3<periment 111, an additional

- *group of 30 rats were inoculated as follows (Exp. III-B): Three groups of

six ‘rats each were inOculated with T. spiralis at three levels of infection

as abovg and twelve rats were kept as uninfected contro]s.l 26 days after |

infection (2 days before trypanosome challenge) the three infected groups

plus half of the control group were splenectomized. The other ha]g;f of the

“-control group received sham operations.
N
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Trypanosome parasitemia wds followed in all experimental animals- .

ki

', - by daﬂy hemocytomete;ﬂ counts of tail blood as described previously. Thirty N'{ |
) | days after infection with T. lgewisi, the T. spiralis-infected rats in each
experiment were killed, and the encysted muscle larvae recovered by acid-
pepsin digestion of infected carcasses as described above. The number of
larvae per gram of carcass was determjned for :aach infected rat. Ekperi-
’ menta] amma]s were separated into larvdl dosage groups and larval recovery
/ : groups based on these results. The daily mean trypanosome paras1tem1as for
each Tarval recovery group and larval dosage group were plotted against ,

days after infection with trypanosomes, and the course of T. lewisi para-"' -

sitemia in nematode-infected rats compared to that of the uninfected control

. S BN

groups.

EXPERTMENT V-A - COMPARATIVE IMMUNOCHEMICAL ANALYSIS QF PARASITE ANTIGENS

T N TR LR o AR T R s Ty e
»
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In any experimental model that deals with concomitant parasitic

o

infections, there exists the possibility that the competitive interactions ‘w\.f

.
M 3

that occur may be associated with antigenic relationships between parasites

and the synthesis of homologous antibodies by the host. In parasitic infec-

I T e

tions where specific immunoglobulin plays an essential m]s in acquired

immunity (as is the case for T. lewisi), this tyge of interaction may be of "

paramount imp}(;rtance in the host response to intercurrent infections with

’, , antiger‘ﬁc{aﬂy related.organisms. The following immunochemical ana]yges were «
conducted in order to tes£ for the possibility of crosls—reactivity between ‘

/

1) TSE and TLE were compared using rabbit antisera to each extract

T. spiralis and T. lewisi antigens:

by Ouchterlony immunodiffusion, microslide immunoelectrophoresis,

- -and two dimensional crossed-immunoelectrophoresis with inter-
N \

mediate ’ge1 S.
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2) TSE and TLE were also compared by immunodiffusion and micro~-
slide 1mmunoe1ectropﬁoresis using antisera {(immune and_hyper-

immune) produced in rats during natural infections.

I
q !

EXPERIMENT V-B - TITRATION OF RAT ANTI-T. spiralis IMMUNE 'SERA FOR

N

s

LYTIC AND AGGLUTINATING ANTIBODIES TO T. lewisi

Rat antisera were collected from animals that had been infected
with 100 o} 1500 Tarvae of T. spiralis for 7, 14, 28, or 56‘days and were
fésted in vitro for the ability to lyse or agglutinate living t%ypano- .
somes collected either 6 or 14 days after infection (reproducing forms or

inhibited adult forms respectively). . -

EXPERIMENT VI - ASSAY OF RES ACTIVITY IN EXPERIMENTAL TRICHINELLOSIS

. | The f611owing experiment was conducted in order to assess the
influence of T. spiralis infections on RES activity as it relates to both e
the course of the infection and the parasite burden in the rat host. |

60 Charles River CDF, inbred albino, female rats were used in
" “this experiment. Two groups of 20 animals each were inoculated with 100 or

' 1500 infective muscle 1arzae of T. spiralis and 20'rats were kept as age
and weight-matched controls. RES activity was assayed at 7, 14, 28, and

56 days after infection with I; spiralis by testing the intravascular
clearance of colloidal carbon in five animals from each of the two infected
. groups and the controls. The Granulopectic Index "K" was calculated for
each animal as described above using slopes obtained from 1inear regression

analysis of the carbon/clearance data (the correlation coefficients (r) in

this analysis were always greater than -0.97 and there were no significant

{
\
B, o AR Ot 4 N TP

e TRl T L A R A T T NAR R T, LI T -



£ ’ o : © g0,

-
L)
4

diffefenéés in the values of “r" for any of the treated or control groups
_during the course of the experiment. The grand mean of "r" for all the

animals in this experiment was -0.9912 + .001). The mean Granulopectic
\‘Iﬁdex " fdr each group wa§ plotted against days after infection with

T. spiralis and RES activity for in%ected groups compared to uninfected

controls.

t

-

EXPERIMENT VII - ASSAY OF IMMUNOSUPPRESSION DURING TRICHINELLOSIS .

Immunosuppression is well characterized in experimental
Trichinellosis in the modse model and maximum suppression of.the response
. to SRBC has been showé to occur at 14 days after infection (Faubert 1976).
There has not been an adequate investigation, however, for the purpose of
comparison, of the time course of immunosuppression in the rat host as it
relates to the stages of the nematode life cycle, level of infection, or
immunopotentiation. The following experiment was conducted in order to
assess the effect of I; spiralis infections on the humoral antjbody re-
sponse of the rat to the heterologous antigen, SRBC. o
60 Charles River CDF, inbred albino, female rats were used in
this experiment. Two groups of 20 rats each were inoculated with 100 or
1500 infective muscle larvae of T. spiralis and 20 rats were kept as
controls. The humoral response to SRBC was assayed in infected animals by .
immunizing 5 animals from each group with 2.0 x 109 SRBC gjven intraperito-
neally at 7, 14, 28, or 56 days after infection with T. spiralis. Six days
after immunization, the rats were bled and the sera collected as described
above. HA and HL titers were detepmined_and expressed as 1092 titer’and
the difference between the mean éxperimental and mean control values was

plotted agdinst the days after infection when the rats were immunized.

o
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h ‘ 17) STATISTICAL ANALYSES

Th— .

" ‘ : A statistical analyvsis of experimental results was conductea
using the Analysis of Variance, F-test, Student's t-distribution test
(Snedecor and Cochran 1967) and Duncan's new multiple range test (Duncan
1§55) wﬁere appropriaﬁe, and when necessary, extraneohs values were re-

i : jected using the Q-test (Dean and Dixon 1951).

; " RESULTS _ _
EXPERIMENTS I-1V - CONCOMITANT INFECTIONS OF T. SPIRALIS AND T. LEWIST

The intensity of muscle parasitism was determined in experiments

I-IV in orden to assess the dose-response relationship of 1. spiralis in the
rat host as it relates to the potentiation of immunity to challenge infections

with 7. lewisi. For the purpose of comparing T. lewisi parasitemias in nema-

, _ todé\igﬁécteq groups to uninfected controls, animals were separated
- * | into groups based upon either the initial dose bf T. spiralis or the re-

covery of muscle larvae at the conclusion of each experiment. fhe three

groups in each-category for experiments I-IV are shown in Table 5.1. In

general, all rats that were inoculated with a particular dose of infective

RE AT R T S e

i larvae showed recoveries of encysted muscle larvae that were consistent

R

with that dose. Daily mean trypanosome parasitemias'for Tarval recovery
groups and larval dosage groups are therefore essentially identical and
» the results pregented in this chapter represent the mean trypanosome para-

¢ sitemias for the larval recovery groups.

o EXPERIMENT I
!
In experiment I, rats were challenged with T. lewisi 7 days after
inoculation with T. séira]is during the enteral phase of the nematode infec-

tion..The daily mean trypanosome parasitemias for larval recovery groups 1

§
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TABLE 5.1 - LARVAL DOSAGE GROUPS AND LARVAL RECOVERY GROUPS

EXPERIMENT #  LARVAL DOSAGE GROUPS

" FOR EXPERIMENTS I-1V

LARVAL RECOVERY GROUPS

(LARVAE/RAT) (LARVAE/GRAM + SE)
I 100 139 + 3]
’ 500 1846 + 229
1500 ' 3532 + 831
11 100 209 + 29
500 1110 # 159
1500 3382 + 570
I11-A 100 155 + 23
500 1062 + 71
1500 2302 + 265
111-B 100 189 + 57
500 . 1031 + 123
1500 2792 + 407
IV 100 151 + 14
500 425 + 66
1500 1653 + 297
| Ty,

T
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are pnesente& gﬁ Fig. 5.1. On day 8 of the T. lewisi infections (day 15

of the T. spiralis infections), the mean parasitemias for animals that

received a dose of either 100 or 500 larvae or had recoveries of 139 +

31 larvae/gram or 1846 1229 larvae/gram respectively, were significant-

1y lower (52% and 47% of the control value respectively, P<.05) thén those

of controls without T. spiralis infections. The group of rats that received
) the higher dosesof 1500 larvae or had recoveries of 3,532 1834 larvae/gram
showed no significant differences from the control group throughout the
coy%se of the experiment. By 14 days into the trypanosome infections
however, the mean parasitemias for all nematode-infected groups were hot
significantly different from the controls. Theréfore, a dose of 100 or
500 larvae/rat of T. spiralis 7 days before a challenge infection with
T. lewisi, effectively altered theihost response to J. lewisi as refiec-
ted by the inhibited development of peak parasitemias in these groups as
compared to either the control group without T. spiralis or the neﬁatode-

infected group that received a higher dose of 1500 larvae.

EXPERIMENT II

In experiment II, rats were challenged with T. 1ggj§j_at'14 days
after inoculation with T. spiralis during the peak period of the parenteral
migration of newborn larvae to the muscle tissues of the host. The daily
mean trypanosome parasitemias for larval recovery g}oups are i]iustrated
in Fig. 5.2. No significant differénces in tﬁé levels of parasitemia or
the course of trypanosome infections were observed between the nematode-
infected groups or the uninfected controls. It would appear that at day 22,
the parasitemia in the control group was 15wer than that of the nematode-

infectfd groups but these differences were not significant (P>.05). There-
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FIGURE 5.1

wt

Course of trypanosome parasitemia in rats challenged with

Trypanosoma lewisi 7 days after inoculation with Trichinella

spiralis.

Daily mean trypanosome parasitemias ake presented for

larval recovery groups as shown (1/gm = 1arvae/graﬁ).
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FIGURE 5.2
Course of trypanosome parasitemia in rats challenged with -

_Trypanosoma lewisi 14 days after inoculation with frichinella

~ Spiralis. Daily mean trypanosome parasitemias for larval recovery-

groups are presented as shown (1/gm = larvae/gram).
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fore, in animals challenged with T. lewisi at 14 days after inoculation

with T. spiralis, the course of trypanosome parasitemias was unaffected

by the presence of the concomitant nematode infection.

7 EXPERIMENT I11-A
\ " In experiment ITI-A, rats were challenged with T. lewisi 28
déys after igpgﬁ1ation with i, spiralis dJring the parenteral phase of
the infection when T. spiralis is essentially a chronic intracellular
?arasite in" the host's striated muscle cells. The daily mean trypanosomé,
parasitemias for the larval recovery groups are presented in Fig. 5.3.

- A significaqt inhibition of T. lgyj§j_par?sitemia was observed in all
nematode-infected groups in this experiment. On day 11 ;f thq T. lewisi
infections. (day 39 of the T. spiralis infections), the mean parasifemias
fo; the groups that were 'inoculated with doses of 100 or 500°larvae/rat -
.or had recoveries of:155 +23 or 1062 +71 larvae/gram r;spective1y, were o
significantly Tower (39% of the control value, P<.05) than the control group
without T. spirdlis. These differences were ;ignificant upti] day 15 of
the trypanosome infec%ions, after which time the nematode-in%éé%éa‘gnoug\
and control group displayed similar levels of infection. Parasitemia was \\\\\\‘\\-
also inhibited to some degree (69% of the control value) on day 11 in the

//‘»\K\nématode-infected group that was inoculated with a dose of 1500 larvae/rat

\

\_ or had recoveries of 2302 265 larvae/gram, but not to the same extent as
) in the groups that were inoculated with the lower doses of 1. spiralis.

" 1t would appear from these results that the inhibition of trypanosome

i parasitemia or immunopotentiation during these.concomitant infections

| bears an inverse relationship to the level of infection with T. spiralis

(dosage or recovery of muscle larvae), such that Tow level infections

N
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enable the host to respond mbre efficiently to a trypanosome challenge

than do high level infections. . e

-

EXPERIMENT III-B

In experiment III-B, similar groups qf nematode-infected and

control animals were splenectomized two days before trypanosome challenge,

-

iﬁ order to assess the influence of the spleen on imnmnopotent{ation in
this model. Af 28 days dfter’the'inocu1ation o; T. spiralis (two days a ter
splenectomy), all splenectomized and control grq@ps were challenged with

T. lewisi as in‘experiment III-A. The daily mean trypanosome parasitemias
fo; the larval recovery groups are illustrated in gig.'5.4. No significant

differences were observed in trypanosome parasitemia between splenectomized,

: né&atode-infected rats and the splenectomized uninfected controls. In -

A ']

splenectomized animals however, the mean peak parasitemias in all groups
. :

were enhanced approximately 5-6 fold over that of sham-operated controls.

Therefore, splenectomy seemed to effectively interfere with thg

‘
jmmunopotentiation that occurred in experiment IIT-A (Fig. 5.3), with Tow

i

I

level infections of T. spiralis.

EXPERIMENT IVl
In experiment IV, rats were challenged with I,'léngi 56 days
after inoculation with T. spiralis during the chronic, intracellular muscle
stﬁgerSf the infection. Daily mean trypanosome parasitemias for the larval

recovery groups are presented in Fig. ©.5. No significant differences were

- observed between the nematode-infected groups and the uninfected controls

1/

in either the mean levels of parasitemia or the general course of the

trypanosome infections. Therefore, the potentiation of the~host response

!
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FIGURE 5.4

[

w0

Course of trypanosome parasitemia in splenectomized rats

challenged with Trypanosoma lewisi 28 days after inoculation with

Trichinella spiralis (2 days after spjenectomy). Daily mean

trypanosome parasitemias for larval recovery groups are presented

(splen. = splenectomy; 1/gm = larvae/gram).
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FIGURE 5.5

Course of trypanosorﬁe parasitemia in rats challenged with

Trypanosoma lewisi 56 days after inoculation with Trichinella

spiralis. Daily mean trypanosome parasitemias for larval recovery

groups are presented as shown (1Agm = Tlarvae/gram). ’
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to T. Jewisi that was evident when rats were challenged at 7 or 28 days
after infection with T. spiralis (Exp. I and Exp. III-A) was abrogated

56 days after the nematode infection.

EXPERIMENT V-A - COMPARATIVE IMMUNOCHEMICAL ANALYSES-OF PARASITE ANTIGENS

A comparative immunochemical analysis of T. lewisi and T. spiralis
antigens was conducted in order to rule out the possibility that immunopoten-
tiation during concomitant infections with these two parasites may, be the
result of cross-reacting antigens and the synthesis of homologous anti-
bodies by the host. |

Ouchterlony immunodiffusion, using immune or hyperimmune sera from'
rats infected with ei;her T. spiralis or T. lewisi as well as antisera
from rabbits immunized with antigen extracts of these parasites. did Aot
detect fﬁe presence of any cross-reacting antigens (Fig. 5.6). Immuno-
electrophoresis using these same antisera and antigens also failed to de-

| tect any antigenic cross-reactivity (Fig. 5.7). The highly sensitive tech-

nique of CIEPIG using antisera from rabbits immunized with antigen

&

extracts of both parasites did not reveal any common antigenic determinants
!

(Fig. 5.8).

EXPERIMENT V-B - TITRATION OF RAT ANTI-T. SPIRALIS IMMUNE SERA FOR

LYTIC AND AGGLUTINATING ANTIBODIES TO T. LEWISI
Rat antisera collected from animals that had been infected with
100 or 1500 larvae of T. spiralis for 7, 14, 28, or 56 days were tested
: in vitro for their ability to lyse or agglutinate trypanosomes. In vitro
lysis or agglutination of trypanosomes was not observed in any serum dilu-
tion for any of the antisera tested, using either reproducing forms (first

b . C . . . . \
ant1gén1c variant) or inhjbited adult forms (second antigenic variant),

e
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FIGURE 5.6

OUCHTERLONY’IMMUNODIFFUSION .

A - TSE (10 mg/ml) , S

B - TLE {10 mg/ml)

1 - Pooled sera, rabbit anti-TSE

2 - Pooled
3 - Pooled
4 - Pooled
5 - Pooled
6 - Pooled
7 - Pooled

8 - Pooled

sera,

sera,

sera,

sera,

sera,

sera,

sera,

rabbit anti-TLE

rat anti-T. spiralis, 100 larvae/rat, Day 28
rat anti-T. spiralis, 1500 larvae/rat, Day 28
rat anti-T. spiralis, 100 larvae/rat, Day 56
rat anti-T. spiralis, 1500 larvae/rat, Day 56
hyﬁér%mmune,‘rat anti—I;_gEjlgijgi

hyperimmune, rat anti-T. lewisi
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\ FIGURE 5.7

IMMSNOELECTROPHORESIS

TLE (10 mg/m1) ﬂ

TSE (10 mg/ml)

Pooled sera,
Pooled sera,
Pooled sera,
Pooled sera,
Pooled sera,

Pooled sera,

Pooled sera,

o

Poo]eq sera,

rabbit anti-TSE
rabbit anti-TLE
rat anti-T. spiralis,
rat anti-T. spiralis,
rat anti~T. spiralis,

rat anti T. spiralis,

hyperimmune, rat anti-

hyperimmune, rat anti-

©

100 larvae/rat, Dgy 28
1500 1arvae/}at, Day 28
100 Tarvae/rat, Day 56
1500 larvae/rat, Day 56

T. spiralis

T.lewisi
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FIGURE 5.8

TWO DIMENSIONAL CROSSED-IMMUNOELECTROPHORESIS

’ - WITH INTERMEDIATE GELS :

A - CONTROL SLIDE FOR TSE
1 - Antigen : 10p1 TSE {( 10 mg/ml)
3 - Intermediate Gel : 100ul Normal Rabbit Sevum : ‘ ’
4 - Reference Gel : 400ul Pooled Rabbit Anti-TSE

B - EXPERIMENTAL SLIDE FOR TSE X
1 - Antigen : 10p1 TSE (10 mg/ml) \
5 - Intermediate Gel : 100pl Pooled Rabbit Anti-TLE
4 - Reference Gel : 400u1 Pooled Rabbit Anti-TSE

C - CONTROL SLIDE FOR TLE

2 - Antigen : 10pt TLE (10 mg/ml) ¢ ,
4 3 - Inteymediate Gel : 100pl Normal Rabbit Serum
r 5 - Reference Gel : 400ul Pooled Rabbit Anti-TLE

D - EXPERIMENTAL SLIDE FOR TLE
2 - Antigen : 10ul TLE {10 mg/ml)
4 - Intermediate Gel : 100y Pooled Rabbit Anti-TSE
l 5 - Reference Gel : 400u1 Pooled Rabbit Anti-TLE - ) !
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/ .
collected 6 and 14 days after infection respectively. Control antisera

1/32 for lysis and 1/32 and 1/64 for agglutination when tested Xith in-

i?
.
E,s
v
<
£

hibited adult forms or reproducing forms respectively. Control antisera

poo]ea from rats hyperimmunized against T. lewisi showed positive titers

g W TCE
f ¢

of 1/32 and 1/64 for lysis and agglutination when tested as above with

oy, T

"
~

. . . . ‘
the first or second antigenic variants respectively.
~ LY ¢

S eeE

EXPERIMENT VI - ASSAY OF RES ACTIVITY IN EXPERIMENTAL TRICHINELLOSIS

Immunopotentiation in this model may be related to an expanded
fixed-macrophage phagocytic system, resulting in an enhanced removal of

trypanosomes from the blood stream during concomitant infections. The

¥

REL AR SE s A G

’ pooled from rats immune to T. lewisi showed positive titers of 1/16 and

\

é functional status of the RES was therefore assessed in order to evaluate
E;t thle possibility of a correlation between enhanced fixed-macrophage phago-
Eé'} cytic ac:tivity and the immunopotentiation that occurred at 7.and 28 days
g ' after the nematode infection. The phagocytic activity of .the RES was
: examined in rats infected with T. spiralis as it relates to both the Jevel
, of infection as well as the various stages of the parasite's 1life cych; in
z the host. Granulopectic activity, as reflected by the intravascular clear-
l‘ance of cblloidal carbon particles, was followed at 7, 14, 28, and 56 days -
; - after inoculation with T. spiralis. The mean granulopéctic index "K" for
each of the infected groups (100 and 1500 larvae/rat) as w,e'H as the
; controls without nematode infections was plotted against days after infection
.;ﬁ’" and the results are presented in Fig. 5.9. A sfgni;‘icant enhancement of RES
;/ L activity was observed in rats inoculated with a low dose of 100 larvae
at 28 and 56 days after infection, but not at 14 days. At day 7, RES
. activity in this group appeared to be enhanced, but the difference was
4

not statistically significant (P<0.1). In rats that were inoculated with

the high dose of 1500 larvae, RES activitylwas not significantly differ-

e
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FIGURE 5.9
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K " Reticuloendothelial System activity during Trichinéllosis in
the rat as measured by the rate of the intravascular clearance of
i
colloidal carbon particles. Each point represents the meas granulo- / ‘1 )
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pectic index "K" for five experimental animals. LN !
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ent from the control group at'14, 28, or 56 dayi after infection. There

“appeared to be an enhahcement of RES activity in this group at day 7, but
this difference wa; not statistically significant (P<0.1) due to the exces-
sive variations in the Elearanée rates for these animals. A Tow level in-
fection of 100 larvae/rat was therefore capable of stimulating RES activ%ty
at 28 days and pdésib]y 7 days after infection, with gr;dua] retUFﬁ to nor-
mal values by day 56. A high level infection with 1500 larvae/rat failed

to produce significant stimulation of RES activity during the course of

the infection, although a possible stimulation may have occurred at day-7.
Both high and low doses of T. spiralis failed to produce a stimulation of

RES activity at 14 days after infection. !

EXPERIMENT VII - ASSAY OF IMMUNOSUPPRESSION DURING TRICHINELLOSIS

A]thouéh immunosuppression is well characterized in the mouse -
model, no information is available on the influence of T. sgira]ié on
immuno]oéica] responsiveness to heterologous antigens in the rat host. |
Whereas'maximum immunosuppression in the mouse model occurs at 14 days
after infection (Faubert 1976), trypanosome parasitemias were unaffected in
nematode-infected rats challenged with T. lewisi at this time (Exp. II).
IFor the purpose of comparing the course of 1mmunosuppression‘%% immuno -
potentiation during Trichinellos;s in the rat model, as it relates to both
the level of infection and the nematode 1ife cycle, rats were immunized
with the heterologous antigen, SRBC, at 7, 14, 28, and 56 dﬁys after in-
fection. Six days after iﬁmunization, tﬁe serum hemagglutinating (HA) and
hemolysin (HL) antibody titers were determined as described above and the
results are presented in Fig. 5.10, as the difference between the mean

experimental and mean control titers. Humoral responsiveness to SRBC in

the group inoculated with 100 ld;vae/rat was depressed only when animals
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FIGURE 5.10

The humoral antibody resflonse to SRBC during Trichinellosis in the
rat. Log2 serum titer (experimental - control) for A) Hemolysin and

B) Hemagg]utinéting antibody titers to SRBC in rats immunized intra- : .

peritoneally with 2.0 x 109 SRBC at 7, 14, 28, or 56 days after inocu-

lation with Trichinella spiralis. Each point rqepresents the difference

L .
between the means for five animals. ((@) - Control, no T. spiralis;

(3%) - 100 Tarvae/rat; (3K) - 1500 larvae/rat; (3¥) - P<.01; (ns) -

Not significant)
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were immunized at 14 days after the nematode infection. The HL and HA
titers  of infected rats in this group were not significantly different
from tbe ébntro]s when rats were immunized ;t 7, 28, or 56 days after
‘infect%nn. In animals that were inoculated with the high dose of 1500
Tarvae/rat, the humoral antibody response to SRéC appeared to be depressed
.. throughout the course of the ﬁematode infection, although the differences
from the control titers at 7 and 28 days were not necessarily significant
(P<0.12. At 28 days after infection, however, the difference between the
HL titers of the two nematode-infected groups proved to be highly signifi-
cant (P<.005). Therefore, in animals inoculated with the Tow dose of 100 ¢
larvae/;at, immunosuppression was only a tranéieﬁ% phenomenon, whereas the
higher inoculating dose of 1500 larvae/rat produced a long-lived depression

~N
of humoral responsiveness to the heterologous antigen.

DISCUSSION ’

R A summary of the results in this study are presented in Table 5.2.
These findings indicate that immunopotentiation occurred with Tow Tevel inocu-
Tating doses of T. sgirg]is when nematode-infected rats were challenged with
T. lewisi at 7 or 28 days after i%fection with T. spiralis. Immunopofentiation
was a transient phenomenon however, and was abrogated when trypanosome chal-
lenge was initiated at 14 or 56 days after the nematode infection. The in-
hibited development of T. Jewisi parasitemia was related to both the inocu-
lating dose and the level of muscle parasﬁtism. In animals challenged w}th
T. 1gyi§i:at 7 days after the nematode infection, immunopotentiation was
maﬁ%fested by a significant iﬁhibition of trypanosdme parasitemia in those

! groups that were inoculated with 100 or 500 Tarvae but not with 1500 larvae.

r’;" .
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TABLE 5.2
IMMUNOPOTENTIATION, IMMUNOSUPPRESSION, AND ENHAWCED RES ACTIVITY
DURING TRICHINELLOSIS IN THE RAT HOST : A SUMMARY OF RESULTS

e ,
DAYS AFTER INFECTION - 7 14 >~ 98
INOCULATING DOSE - 100 500 1500 100 500 1500 100 500 1500
[MMUNOPOTENTIATION + o+ - - - - + + ot - - -
“IMMUNOSUPPRESS I0W - ND % + WD + - N t - np 4
ENHANCED RES ACTIVITY + Np % - ND - + ND - - ND -

+=YES, - =NO, = UNCLEAR (NOT STATISTICALLY SIGNIFICANT), Np = NOT DOKE
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[
The development of peak trypanosome parasitemias was also inhibited in all
nematode-infected groups challenged with T. lewisi at 28 days after infection
but the degree of inhibition appeared to be inversely related to the level
of infection (dose or recovery of muscle larvae).
The extensive immunochemical analyses of parasite antigens in

experiment V-A did not detect any common antigenic determinants between
T. 1gyi§j_and T. spiralis, and rat antisera that were collected throughout
the course of a primary 1nfect?0n with T. spiralis {experiment V-B), did
not 1yse or égg]utinate trypanosomes in vitro. These results show that

. immunopotentiation during concomitant infections with these parasites is
probably not related to a functional antigenic cross-reactivity and the
synthesis of homologous antibodies by the host. Under certain conditions,

infections with metazoan parasites such as Nippostrongylus brasiliensis

have been shown to potentiate the humoral response (primarily IgE) to pre-
viously administered heterologous immunogens (Bloch et al. 1973; Jarrett
1972; Orr and Blair 1969), and the results of experiments V-A and V-B do
not rule out the possibility that an infection with T. spiralis may poten-
- tiate the normal humoral responsiveness (ablastic or trypanocidal) of the
host to T. lewisi. However in view of the known immunosuppressive effects
of T. spiralis on the humoral antibody résponses of the mouse to heter-
ologous antigens and viruses (see Chapter II), it seemed unlikely that
» a potentiaiton of humoral responsiveness should occur in the rat model.
For purposes of comparison however, the immunosuppressive activity of
T. spiralis in the rat was assessed by examining humora] responsiveness \
to the heterologous antigen, SRBC. The results summarized in‘tab1e 5.2

show that humoral immunosuppression was related to both the inoculating
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dose ana the course of the infection. In rats inoculated wigh the Tow dase
of 100 larvae, immunosquression was only a transient phenomenon and occur-
red maximally at 14 days aften infection, while the higher inoculating dose
of 1500 larvae produced a ]ong -lasting depression of the antibody response
to SRBC. Although humora] immunosuppression was evident in both groups at
14 days after infection, T. lewisi parasitemias were never enhanced in
nematode-infected rdts challenged with trypanosomes at this time. Therefore,
T. spiralis did not appear to exhibit any immunosuppressive activity towards
acquired humoral immunity to T. lewisi during concomitant infections, al- )
\Fhough immunopotentiation did not occur when the trypanosome challenge was’

made during the times after the nematode infection when a depression of
humoral respo?siveness to ,SRBC was observed.

The mechanisms by which 'T. spiralis induces immunopotentiation
are still unclear. Cypess et al. (1974) and Meerovitch and Ackerman (1974)
have suggested that immunopotentiation is a function of enhanced non-specific
cell-mediated immunity; (CMI) with the activated macrophage as the effector
cell. The fact that T. sgira]i§ infections have been shown to decrease the

susceptibility of mice to intracellular parasitism by Listeria monocytogenes

(Cypess et al. 1974; Molinari and Cypess 1975) strongly supports this sug-
‘gestion. More recently, Meerovitch and Bomford (1977) have demonstrated that
peritoneal macrophages taken from J. spiralis-infected mice from 6-36 days
after infection were cytostatic for Rl Tuekemia cells in vitro and these
results lend further support to the role of the activated macrophage as the’
effector cell in immunopotentiation during Trichinellosis.

Research on the immunological response e rat to T. Jewisi has
not provided &efinitive evidence for a fOTe of specific or non-specific cell-

mediated responses or non-specific RES activity in controlling infections

l
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with this parasite, othér than a subsidiary function for phagocytosis in
clearing lysed or agglutinated parasites from the blood stream (Taliaferro
1929; D'Alesandro 1970). However, recent research by Greenblatt ({1973)
demonstrated the presence of T. lewisi in reticular spleen cells (macro-
phages) in close association with plasma cells in the spleens of infected
rats. Although the trypanocidal mechanism may principally involve 1ysis and
agglutination, it is highly probable that splenic macrophages p1ay,an im-
portant role in both the processing of parasite/antigens and in the even-
tual removal of parasﬁtes from the circulation (Greenblatt 1973). The'in—
hibition of trypanosome parasitemia that occurred in nematode-infected
hosts (experiments I, III-A) may be due to an expanded fixed-macrophage
phagocytic system in the spleen, resulting in accelerated antigen proces-
sing or renmvéi of trypanosomes fr?m the blood stream. In order to evaluate
this possibility, the functional status of the RES wasg assessed during
Trichinellosis in the rat. The results from experiment VI suggest that a
correlation, may exis% between enhanced RES granulopectic activity and im-
munopotentiation, both of which occurred prima?i]y with Tow level inocu-
lating doses of 100 larvae at 7 and 28 days after the nematode-infection,
but not with the higher inoculating dose of 1500 larvae (Table 5.2). Other
workers have described a lack of corre{ation between’gnhanced RES phago- /
kcytic activity (as assesse& by the rate of intravascular clearance of col-
loidal carbon particles) and increased resistance to infections with
intracellular parasites (Bohme 1960; Lucia and Nussenzweig 1969; Ruskin

et al.1969), and Cypess et al. (1974) failed to ‘correlate enhanced RES

activity with a decreased susceptibility to L steria monocytogenes in mice

infected with T. spiralis. However, T. lewisi is not an intracellular
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parasite, and the results of these studies do not preclude the possible

involvement of enhanced reticular phagocytic activity in the spleens of

L]
-

concomitantly dnfected rats. The spleen forms a relatively large part of

the RES in the rat and the fact that splenectomy (experiment ITI-B)inter-

fered with immunopotentiation, while enhancing infections five to six

fold over that of sham-operated controls, lends credence to this arguement.
A number of diverse agents that are known to non-specifically

stimulate RES activity have also been shown to inhibit T. lewisi parasitemia.

Styles (1965, ]970) was able to obtain a similar inhibition of T. lewisi

parasitemia by pretreatiné rats with small serial dosés of bacterial endo-

toxin or the toxin holothurin, a steroid saponin of the Bahamian Sea

Cucumber, Actinopyga agassizi. Tate (1951) demonstrated similar results in

rats infected previously with the spirochete Spirillum minus, such that
rats éha]]eﬁged w?th T. lewisi after the spirochete infection developed
only transient,vjhbpatent parasitemias. Both authors suggested that these
agents may act via the non-specific stimulation of RES activity, but

neither attempted to correlate enhanced granulopectic activity and increased
resistance to/infection.

"

he results of this sgudy suggest that immunosuppression and

immunopotentiation are not mutually exclusive in Trichinellosis, nor are
they necassarily expressed against all heterologous antigens or organisms.
Their exp?ession may be.a function of the type of antigen employed and the
route of administration (Lubiniecki anq Cypess 1975), the intensity of %he
infection (dose or muscle parasitism), or the timing-of the various modes
of antigénic stimulation by particular stages of the nematode's life cycle

in the hJst, as has also.beer suggested by Faubert (1976).
st a5 his 2l
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The. research presented in the remaining chapters of this thesis

examines a number of the possible mechanisms of immunopotentiation in this

-

model of concomitant infections 1qc]uding the potentiation of humoral
responsiveness to trypanosome antigens and the role of non-specific CMI, -

as well as investigates the role of the various stages of the nematode life

cycle in the induction of this. phenomenon. '
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CHAPTER VI
THE EFFECT OF TRICHINELLA SPIRALIS ON THE DEVELOPMENT

OF ACQUIRED HUMORAL IMMUNITY TO TRYPANO§0MA LEWISI IN THE RAT
i !

/
INTRODUCTION

The mechanism of cross-protection during concomitant infections

of Trichinella spiralis and Trypanosoma.]ewisi in the rat is-not clear.
The extensive immunochemical analyses of parasite antigens presented in
the previous chapter failed to detect any common antigenic determinants
between T. spiralis and T. lewisi, and rat antisera that were collected
throughout the course of @ primary infection with K éﬁiralis did not
agglutinate or lyse trypanosome; in vitro. These results suggest that the
inhibition of trypanosome paras;temia that occurred during concomitant in-
fections with these' parasites 1is probably not a function of antigenic cross-
reactivity and the synthesis of homoTogous antibodies by the host. However,
these results do not rule out the possibility that T. spiralis infections
méy potentiate the normal humoral responsiveness (ablastic or trypanocidal)
of the host to T. lewisi either by enhancing antibody production (adjuvant
effects) or by accelerating the initial brocessing of parasite antigens.
Under certain conditions, infections with a number of metazoan parasites
have been shown to potentiate the humoral response of the host to pre-
viously administered heterologous immunogens {Bloch gi_gl. 1973; Jarrett
1972; Orr and Blair 1969). However, in view of the known immunosuppressive
B effects of T. spiralis on the humoral response of the mouse to heterologous

antigens and viruses (Barriga 1975; Chimishkian and Ovumian 1975; Cypess

et al. 1973; Faubert 1976; Faubert and Tanner 1971, 1974; Lubiniecki et al.

' 1974; Lubiniecki and Cypess 1975), it seemed unlikely that T. spiralis v
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T. lewisi, since an accelerated or enhanced ablastic antibody response or
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ment of the humoral responsiveness of the rat during Trichinellosis to the !
heterologous antigen SRBC (Chapter V), showed that the dose (100 larvae) of

T. spiralis that gave a maximum inhibition of trypanosome parasitemia, pro-

duced Pn]y a transient depression of the humoral response to SRBC at 14 days

after the nematode infection. Although T. spiralis failed to exhibit any
immunosuppressive activity towards cha11éngé infections with T. lewisi,

immunpotentiation did not occur when the trypanosome challenge was made at

this }ime.

e The experiments presented in this chapter were conducted in order

T

to ‘examine the effect of T. spiralis on acquired humoral immunity to

first trypanocidal antibody response might account for the inhibition of

/

l i

trypanosome parasitemia that occurs during concomitant infections with
1

these parasites.

MATERIALS AND METHODS

1) THE ANIMALS
Charles River, CDF, inbred albino, female rats (~100 grams)
(Charles River Breeding Laboratories, Wilmington, Massachusettes) were
used in this study. The animals were housed individually in w%re bottom

2

cages and received Purina Rat Chow and water ad libitum. Stock infections - W

of T. lewisi and T. spiralis were maintained in Outbred, CB, albing female

rats (100 grams)(a Sprague-Dawley line; Canadian Breeding Farms, St.

Constant@‘Quebecf.
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2) THE PARASITES ‘- (

The strain of T. lewisi used in this study is described in detail
in Chapter V. Trypanosomes for initiating’experimental infections were
obtained from stock-infected rats 12 days after inoculation. Experimental
infections were initiated by injecting rats with 5 x 103 infective trypo-
magtigotes (0.5m1) 1ntraperftonea11y without anaesthesia. frypanosome
parasitemias were determined during the course of T. lewisi infections by ,
daily hemocytometer counts of tail blood diluted 1/200 using 10 ul capillary
tubes and "Unopettes” as described previously (Chapter\V).

The strain of T. spiralis used in this study is described in
Chapter V. Infecting stocks were maintained in CD female rats inoculated
orally with 3,000 infective muscle larvae, and muscle larvae for initiating

;Qexperimental inféctions were obtained from donor stock rats which had been
inoculated thirty days previously. Experimental and stock infections and \X
the reéovery of muscle larvae from experimental animals at the-end of the

> study were done according to techniques adopted from Tanner (1968).and are
described in detail in the previous chapter.

I

3) EVALUATION OF THE ABLASTIC ANTIBODY RESPONSE TO T. LEWISI

/
The production of ablastin, the reproduction-inhibiting anti-

body to T. lewisi, was followed by a sensitive technique that measures
reproductive activity by determin%ng the coefficient of variation (CV)

in the lengths of“trypanosomes in a dividing population (Taliaferro and
Taliaferro 1922). This technique provides a statisfica] index of parasite
reprodu;tive activity which is a true reflection. of thelchanges in the L/

titer of ablast?n during the course of the infection (Coventry 1925).

L]

-
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l — The CV was- determined essegtiaﬂy as described by Taliaferro and Taliaferro
’ (1922). Thin blood films were prepared during the course of 'the infec’tions,
'. - ﬁxed in absolute methanol, and stained with Giemsa's Bloo'd Stain. The

# " slfi;ies were examined using 0il immersion optics (1000X mégnification) and

the midlines (tota’l 1ength from postemo; end to the end of the ﬂageHum)
.of 100 trypanosomes were drawn from random fields with the aid of a camera
‘luggda The 'lengths of these m1d'l1nes were determined usmg a map measure
and the degree of vamatwn vﬂ size in the sample popu]atmn of trypanosomes
was obtained by calculating the cv according to the foHowmg formula:

Cv = J_QQ_i(__S_I_)__ where SD = standard deviation of the mean and x = Zx/n.
X .

The mean coefficients of variation for animals in the nematode-infected
andl.controlvgroups were plotted aéa;irist days after infection with T. lewisi
infi;)rder to compare the ab?astjc activity of .these two groups during the
course of the infection’

"'

4)' COLLECTION OF SERA

Expemmenta] animals were bled from the tail and the[blood was ‘
aHowed to clot at 4° C. for 12 hour's before cen’smfugatvon (1500 x .g, J Ve

80 min.). The rat sera were heat-inactivated (569°C., 30 min.) and stored

o % . \
individually at -20° C. until agglutination titrations wetré performed.
|

A
©

3 : ) . | “ . g . —
: ' ) ' 5) IN VITRO TITRATION.OF TRY;ANDCIDAL ‘ANTIBODIES ' 2
‘ / ‘ The in vitro agglutination titration of the first and secoﬁ’d

',v’ ‘ | trypanociidal antibodies to T. lewisi was done essentially as described

1; ) 2 l \‘by D'Alesandro (1976). Serial two-fold dilutions (.05ml) in PBGS (PBS,

. . PH 7.2, containing 1% glucose (w/v) of inactivated (56° C., 30min) in-

¢
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fected rat sera were mixed with equal vo]umgs of PBGS containing approxi- v
mately 5.0 x 107 trypanosomes lin “Migrotiter" plates. After mixing, Vthe

plates were incubated at 370 C. for 30 minutes and the agg1ut1‘nat1‘onl

titer was read microscopically, using phase contrast i]]uminatibn, as the
highest serum dilution to show a 1+ react”ion (D'Alesandro 1976). The
titrations were madé using pure suspensions of trypanosomes that were
Ico]]e(:ted at 6 days (1st antigenic variant, reproducing stages) or 14 days
(2nd antigenic variant, ‘inhibited adult stageé) after infection according

to the technique of Lincicome and Watkins (1963). The appropriate positive |
and negative controls were included in the titrations. Agglutination titers

were expressed as 1o§2 titer and the daily mean titers plotted against

days after infection with T. lewisi.

6) EXPERIMENTAL PROTOCOL -

This experiment was designed to examine the influence of a low

e

level infection with T. spiralis on acquired humoral immunity to T. lewisi.

2Q Charles River CDF,. inbred female rats (+100 grams) were used in th;is
experiment. Two groups of 5 r‘ats each were inoculated with 100 infective
muscle larvae of T. spiralis (Groups I and IIT1) and two groups of 5 rats

each were kept as uninfected controls (Groups II and IV). Control animals
recieved a sham inoculation of PBS. 28 days after infection with T. spiralis
all groups were challenged with T. lewisi (5.0 x 10 trypanosomes given
intraperitoneally). The course of T. lewisi parasitemias in groups I and 11 ’
were followed by daily hemocytometer counts of diluted blood, 'and thin B]ood
films prepared at the same time were used to follow the coefficient of varia-

tion. The rats in groups III and IV, were bled from the tail at 10, 12, 15,

20, 25, 30, 35, and 40 days after the challenge infection with T. 1ew1’si‘
r
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and the sera were collected as described above. The agglutination titers

of the 1st and 2nd trypanocidal antibodies were determined during the
wcourse of the infection by titrating these sera with dividing form (Ist
antigenic variant) or inhibited adult form (2nd antigenic variant) try-
panosomes ref;pective]y. 40 days after infection with T. lewisi, the rats
infected with 1. spiralis were lfﬂ]ed and the'number of encysted muscle
larvae per gram of carcass determined for each experimental animal.

&
%]

7) STATISTICAL ANALYSIS

M.l oo«

A statistical énalysis'of the results was performed using the! .

Analysis of Variance, F-test, Student's t-distribution test (Snedecor ar;d é;

} ) Cochran 1967), and Duncan's new mu;ltip1e range test (Duncan 1955) where | \ﬁﬁ
appropriate, and when necessary, extraneous values were rejected using
o the Q-test (Dean and Dixon 1951). %
RESULTS o . |
\\ ) N The coefficient of variation in th'e Tengths of trypanasomes was
;‘ \ followed in order to assess the influencg.of T. spiralis on the ablastic
’i . antibody response of the rat to T. lewisi. The course of trypanosome para- m:'
) \ sitemia and the CV for rats cha]]enged with T. Tewisi at 28 days a%ter the "1

nematode infection are displayed in{Fig. 6.1. The mean CV of the nematode-

infected group (I) and control group (II} were not significantly different

throughout the course of the trypanosome infection, whereas the normal peak

5

in tr'ypanosome parasitemia that occurred in the control group was inhibited
in the nematode-infected group as reported previously (Chapter V). On day
: 10 of the trypanosome infections, the mean parasitemia in the nematode-

infected group was 58% of the mean control value (P<.01) and sigRificant
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FIGURE 6.1

A) The course of trypanosome parasitemia (mean number of trypano-
somes/ml blood, *SE) and B) The coefficient of variation (comparative
measure of the rate of reproduction, mean #SE) in rats challenged with
T. lewisi at 28 days after inoculation with T. spiralis.

() = 100 Tarvae/rat, re'covery of 149 +17 larvae/gram {Group I)

[ (@)= Controls, no T. spiralis (Group II)
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differences between these two groups were still evident at 14 days after
infection. Therefore, while trypanosome parasitemia was inhibited in the
nematode-infected animals, the ablastic antibody response of the rat was
neither enhanced nor suppressed by the previous infection with T. sgira]}s.
The production of the two trypanocidal antibodies viere followed
during the course of the T. lgyigi:infeétions by titrating the infected
rat sera for aggiutinating antibody to either the 1st antigenic variant
or the 2nd antigenic variant and the results are presqnted in Fig. 6.2.
The Ist trypanocidal antibody was initially detected on day 10 of the
trypanosome infection and continued to increase in titer until day 25.
There were no significant differences, however, in thé 1st trypanocidal
antibody titers between the nematode-infected group (III) and the control
group (IV). The 2nd trypanocidal antibody was first detected on day 25 of
the trypanosome infection and continued to increase in titer until the end
of the experiment (day 40). There were also no significant differences in
the 2nd trypanocidal antibody response of nematode-infected and control
groups. These results show that the previous infection of the rat with
TI. spiralis had no effect on the production of the two trjbanocida] anti-

)
bodies to T. lewisi. - S ’ Lo

DISCUSSION

Acquired humoral immunity to T. légi§j is well charactérized
and can be divided into three separate and distinct antibody responses:
1) the ablastic antibody response which inhibits the reproduction of the

A}

parasite, 2) the Ist trypanocidal antibady response which is specific for

I

di?*ding stages (1st antigenic variant) and causes the first crisis, and.

3Q the 2nd trypanocidal antibody' repsonse which is specific for non-dividing,




[ FIGURE 6.2

. \ (
Mean agglutination titers (log, #SE) for rat sera collected
during the course of T. lewisi infections in animals challenged with
trypanosc;mes at 28 days after inoculation with T. spiralis.
A) Agglutination titers of the Ist trypanocidal antibody (titrated ‘
with Tiving reproducing stages, 1st antigenic variant).
B) Agglutination titers of the 2nd trypanocidal antibody (t{trated

with non-dividing, inhibited adult stages, 2nd antigenic.variant).

() = 100 larvae/rat, recovery of 129 23 larvae/gram (Group III).
(@) = Controls, no T. spiralis (Group IV).
‘é ;
/1
N ~
l
! 4
a %

o - S S oot ST S e £} AT T G P AL S e ey ——— - e ey S o e



oA

i v ) :
; 3 _‘_,./’—"\ §

_ DAYS AFTER INFECTION WITH T. spiralis

- 28 38 43 48 53 58 63 68 :
7 il ] ] l L ! I €
AN — hé'
o)
) , o)
= 6~
-

- E ' T/oﬁ.}“‘- i
L P =% :
= T’/” "L o %
- - % : g
o 4o i
i-_' K-
g
= A

. = /

:} - E
- T
G 3
o 4
< 1
2 % -
= ‘ 3
i T T 1 ! %
15 20 25 30 \s\)[ 40

L et
-

FU Ty 1 A L ot ’ , .
R e st IR DL

i
R



TR i . famgp RLEE
T e e e e B e L T e i S
. .
#
. :
l R
137 :
1
R
2
/ ;
?

inhibited adn{ﬂv‘,t stages (2nd antigenic variant) and' causes the termination
of the infecaon (Taliaferro 1926). A suppression or potentiation of the ’
production of any of these humoral antibodies may effectively alter the ’
normal course of trypanosome parasitemia\. The enhanced productiqn of ablastin

*  may cause parasite reproductive activity to be inhibited at an earh:er stage
in the infection resulting in an overall decrease in peak parasitemia. The

L enhanced production of the 1st trypanocidal antibody may have a similar

effect by causing an accelerated first crisis with an earlier switch to
the 2nd antigenic variant and the enhanced or accelerated production of «

the 2nd trypanocidal antibody would probably result in an earlier termina-

o

tion‘z)f the infection.

The immunopotentiation that was observed in concomitantly infected
hosts in this study (Fig. 6& and in the studies in Chapter V, occurred
during the early stages of the trypenosome infection, such that peak try-

panosome parasitemias were inhibited in I spiralis-infected hosts by day

10 aftey inoculation with T. lewisi. Although immunopotentiation eccurred .

during the period of the infection when ablastin and the 1st trypanocidal Cod
\ e ‘ ‘
antibody were increasing in titer, the results of this study indicate that

the titers of these immunoglobulins were essentially identical in nematode-~

infected and control animals. It would therefore appear that the inhibited \
, \

development of 7. lewisi infections in this model is not re]ated\tg a poten-

tiation of humoral responsiveness to trypanosome antigens. \ W

3

Under certain conditijons, infections with a number of parasitic

helminths have been /shown to-potentiate humoral or cell-mediated immune \

. responsiveness to heterologous antigens and tumors. Infections with N

Nippostrongylus brasiliensis, for instance, have been shown to potentiate « .

' the reaginic (IgE) antibody response of the rat to previously administered

Y

! .. ‘ $
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heterologous immunogens such as egg albumin and con albumin (Orr and Blair

1969; Jarrett 1972). This pdtentiation was shown to be of short duration

however, and did not involve immunoglobulin classes other than IgE (Bloch

et al. 1973) . Keller et al. (1971) have shown that the growth of Walker ;
Sarcoma cells in rats was either entirely suppressed or greatly enhanced L

/ during N. brasiliensis infections, depeﬁding upon the timing of the tumor

cell inoculum 1n relation to the parasitic infection. The growth Af a syn-

geneic adenocarcinoma was also suppressed in mice infected with N. brasiliensis

regardtess of whether the infectiqn was initiated before, after or with the
tumor cell inoculum. Keller and Jones (1971) have investigated the mechanism
o‘f this host-parasiée”inter‘action and suggest that the anti-neoplastic
activity of /thi nematode resides in a stimulation of non—speciﬁ;c cell-

mediated immunity in the form of non-specific cytotoxicity of specificé]]y

activated macrophages. Simaren and Bammeke (197Q) have also demonstrated

imln/unopotentiation during infections with N. brasiliensis such that rats

corﬁcurrent]y infected with Trypanosoma congolense show reduced trypanosome |
parasitemias and enhanced survival timés as compared to controls without the
nematode infection. |

| Immunopotentiation is aiso well characterized in Trichinellosis.
The ability of T. spiralis infections to decrease the susceptibility of

N

mice to Listeria monocytogenes (Cypess et al. 1974) and potentiate cell-

mediated (delayed type) hypersensitivity to BCG is well documented (Cypess .
et al. 1974: Molinari et al.1974; Molinari and Cypess 1975). Additionally,

I. spiralis-infected mice demonstrate con\siderab'le antineoplastic activity

against B-16 Melanoma and Lewis Lung Carcinoma (Molinari and Ebersole 1976),
spontaneous mammary carcinoma {Weatherly 1970), and S-180 Ascites tumors

(Lubiniecki and Cypess 1975). Although T. spiralis has been shown to stimu-




late specific or non-specific cell-mediated immunity, a potentiation of

humoral immunity, which might play a protective role either in Trichinellosis
or towards heterologous challenge organisms, has not yet been demonstrated.
In view of this marked ability of T. spiralis to potentiafe cell-mediated
immunity and stimulate reticu]oendothelié] system activity (Chapter V), and
the failure of the present study to demonstrate an enhanced humoral response
to T. lewisi, it is highly probable that the inhibition of trypahosome ;
parasitemia during Eoncomitant infections with these two parasites is a
reflection of enhanced non-specific RES activity or non-specific cell-mediated
P immunity as was suggested previously (Meerovitch and Ackerman 1974; Ackerman

and Meerovitch 1975).
\
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° CHAPTER VII e
THE EFFECT OF IMMUNIZATION WITH AN ENTERAL OR PARENTERAL

INFECTION, OR A SOLUBLE ANTIGEN EXTRACT OF TRICHINELLA SPIRALIS

ON THE IMMUNOLOGICAL RESPONSE OF THE RAT i0 TRYPANOSOMA LEWISI

)
N

- O S A S
PRRRAENEAL ST TS e

~  INTRODUCTION .

The study presented in Chapter V examined the kinetics of immuno- 2

potentiation in Trichinellosis in the rat host during concomitant infections é;

of T. spiralis and T. lewisi and demonstrated the transient nature of this ‘%

\ phenomenon. The inhibitory effect of I. spiralis infections on trypanosome ”52
parasitemias occurred only when rats were challenged with T. lgiggiét 7/or .€§

28 days after the nematode infection, and was abrogated if chalienge was é%

madg at 14 or 56 days after infection. The expression of immunopotentiation %%

towards T. lewisi, the depression of hpmora] responsiveness to sheep red %gs
b]ooq/%e1]s (SRBC), and the stimulation of reticuloendothelial system (RES) g ;
granulopectic activity during Trichinellosis, were all a function of the ég%
intensity of the infection (dose or level of muscle parasitism) and more }’ , \ééé

p ! B

importantly, they appeared to be related to the timing of the various develop-

mental stages (adult, migratory, or encysted intracellular muscle stage) of

9 15
) E%’.{&

the nematode Tife cycle in the host.

The transient nature of immunopotentiation and immunoSuppression

s o 25
Sk

e 1

N
e+

in Trichinellosis has been reported previously in the mouse model (Cypess

y
AR

o el

et al. 1973, 1974; Lubiniecki et al. 1974;' Lybiniecki and Cypess 1975;

Vernes et al. 1975). Recent research by Faubert (1976), investigating the
kinetics of immunosuppression in Trichinellosis, has indicated that dépres§ed
immunological responsiveness to SRBC is well correlated with the peak migra-

tion of the newborn larval stgge to the muscle tissues of the host around

~ foe oy
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14 days after infection, and that this phenomenon may be associated with

PR

the in vitro secretion of an immunosuppressive factor by this‘ devg]opmenta]
stagie of T. spiralis. More recent work by Ackerman and Faubert (1977) has
indicated that a marked suppression of the splenic plagque-forming cell re- ‘ B
sponse to SRBC can be obtained by injecting mice intravenously with either
Hving; or freeze-thaw-killed newborn larvae four days before immunization.

Earlier studies by‘ Faubert and Tanner (1974, 1975) have shown

that antigeﬁ extracts of T. spiralis muscle Tarvae or sera from infected

_G’
i

animals have leucoagglutinating or cytotoxic activity for homologous lym-
phoid cells in vitro. These extracts and sera were also capable of prolong-

ing skin allografts and suppressing the humoral and cell-bound antibody

SR e

responses to heterologous antigens such as SRBC in immunized mice. Barriga
(1975) has demonstrated a selective depression of T-cell activity in mice

I

> immunized with extracts of 1. spiralis mué%]e larvae such that the t-depen-
dent response to SRBC was suppressed while a B-cell response to polyvinyl-

pyrrolidone (PVP) was upaffected. , é%
) Previous studies on immunopotentiation in Trichinellosis have not w
imp]icattied nor investigated the role of specific developmental stages of ?}?
the parasite's life cycle or parasite antigens in the induction of this »5

phenomenon. The purpose of the present study was therefore two—fo]d:w

1) To d‘etermine whether or not immunopotentiation in Trichinellosis could
be assoc'iated with a specific developmental stage of the parasite's 11'fe\
cycle in the host, and 2) To determine l1'f immunopotentiation required the
presence of the living parasite or if it could be induced by immunization
with an antigen extract of T. spiralis. To this purpose, the Tife cycle of
T. sgir'ah‘s was effectively divided] into two distinct phases, enteral and

parenteral (see figure 2.1, Chapter II). The rat host was exposed to only

B B BU L R
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the enteral (intestinal adult phase) phase of the infection by inoculating

\ ’ animals orally with infective ml&scle larvae, and terminating the infection
‘ before larvipesition occurred using the anti-helminthic drug Methyridine.

The parenteral phase of infection was initiated by inoculating rats intra-

venously with newborn Tarval stages,l which migrate to the striated muscles,

encyst intracellularly and become infective, as would normally occur during

the course of a natural infection Rats immunized with either the enteral ('
L
or parenteral phases of T. spiralis, or w1th a soluble antigen extract of N

. the muscle stage Tarva, were challenged w1th trypanosomes to examine the

\ l

2 ‘ effect of immunization on the immunological response of the rat to T. lewisi. a

: ‘ N T
7 ’ o
A o "

MATERIALS AND METHODS | B

1) THE ANIMALS

" Inbred albino, female rats (~100-grams) of the Charles River, CDF
' strain (Charles River Breeding Laboratories, Wilmington, Massachusettes),
were used in these experiments. Outbred CD, albino female rats ('\:2/50 grams)v

| ; (Canadian- Breeding Farms, St. Constant, Quebec), were used for the collection .
of large numbers of intestinal, adult stages of T. spiralis, and stock in-
fections of T. lewisi and T. égira]is were maintained in tlais strain of rat

as described previously (Chapter V). Experimental animals were housed indi-
vidually in wire bottom cages and\ fed Purina Rat Chow and water ad 1ibitum.

2) EXPERIMENTAL INFECTIONS

The immunization of experimental animals with only the enteral
stages of T. spiralis was accomplished as follows: enteral infections were
1n1t1ated by inoculating rats orally with 100 infective muscle 1arvae of

Q T. piralis without anaesthesia. The intestinal infections were termmated
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96 hours after inocu]at\:ion (before 1arviposition'co7m/;ccun) by injécting
rats‘subcﬁaneous:ly '(s.cw) with Methyridine ("Promintic", Imperial Chemical
Industries Ltd.) in a dose of 50 mg/]OO grams body weight (Denham 1965).
Contro] amma]s for th1s treatment recewed a’g oraJ‘\ inoculation with PBS
and &he subsequent injection (s.c.) of Methymdme 96 hours later as above.
In order to ensure that 1arviposit1‘on ha}d not occurred, animals in the

experimental group were killed at the conclusion of the experiment and .

°

~

tion of the carcasses{as described previously. ’ {

\
\

-checked for the preseze of encysted muscle larvae using aéid-pebsin diges-

, The expérimenta] infection of ralts w\‘ith only the erenteral (m igra-
tory and encystgd) stage‘s of T. spiralis was done :ssentwﬂy as descmbed
by Despommier (1971). Large nimlers of newborn 1arvae°(NqBL) were obtained
free of adults using the meﬁwpdsﬂ 'descri\bed previously by Dennis'et al. (1970).
Briefly, 20 CD female rats (200 grams) were inoculated orally with 10,060
ipfective muscle larvae of T..spiralis §nd 6 days after inoculation the rats
{ere f<1’]]ed with ether and\the entire length of’ the small intestine was re-
moved. Large numbers of adqlxthorms were collected by sl‘itting the 1n£es$ines
lor\:;tudinaﬂy&and plaging them in a circular thermal .migration device de-
s‘ig}led for the rapid‘ collection of large numbers of intestinal helminths
Despommier (1973). Adult worms collected oVer a period of two hours, were
washed four times in 0.85% s’ah’ne at 37° ¢. and\tran;sfer‘red to two 250 ml
Falcon Tissue Ctﬁturé FTasks containifg 100 ml each of the following medium:
"Medium 199 with sodium~b1‘carbonatg (70/, byk vo1ume\”'D1aly2ed Calf Serum" ¥
(29% by volume), and "Ant1b1ot1c Ant1mycot1c" (Grand Is]and B':o'log]cal Co.)
(1% by volume), pH 7.3. The adu]t worms were incubated at 37° C. in a humi di-

[
fied atmospflere containing 5% CO2 for 30 hours during vghich time the gravid

female worms shed newborn larvae. All operations° after this incubation were

X
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“done under sterile conditions. The medium containing the adults and newborn

larvae was passed through three:layers of a stainless steel mesh.(25u pore
size, George A. Williams and Son, New York) and the adult-free larvae in the

filtrate sedimented by centrifugation (225 x g) for five minutes in 50 ml

conical centrifuge tubes at room temperature. The newborn larvae were pooled, '

washed three times with sterile culture medium at 37° C. and the suspension

of larvae counted (using an appropriate dilution) in a Spencer Neubauer

6

l
Bright]ineﬁx Hemocytometer (100X magnification). Approximately 2.0 x 10~ NBL

were .co¥lected in this manner. Quantities of the suspension containing the
desired number of NBL were withdrawn for inoculation after the larvae were
suspended by a vortex mixer. 98% of the larvae were §not1’1e just prior to

inoculation. Ether-anaesthetized rats were injected intravenously (i.v.) with

20,000 NBL(0.5m1)in the tail vein with a 1.0 ml tuberculin syringe fitted

" w1:th a #26 gauge needle. Approximately 50-75% of the NBL injected via this

route are infective and can be found encyéted in the striated muscle tissues

of the rat after ~21 days (Dennis et al.

1970; Despommier 1971). ?

Freeze—thaw-léﬂ]ed newborn larvae (FTNBL) wére prepared by immers-
ing a 15 m1 glass centrifuge tube containing culture mediu}n and NBL in h'qu’id
adir until the contents of the tut;e were frozen solid. The tui)e was élefrosted
at 370 C. until the contents’ were completely melted and this freeze-fhaw

procedure was repeated five times. Anaesthetized rats were injected 4d.v. in,
M 7

' ¥

the tail vein with 20,000 FTNBL (0.5 ml) as described aboove: o

y : '
" 3) IMMUNIZATIONS '

° The soluble antigen extract of I. spiralis (TSE) us:ed_\for immuniz-~

. a
ing rats or for sensitizing SRBC for the jindirect hemagglutination test was

prepared in phosphate-buffered saline (PBS)(pH 7.2) from washed lyophilized

.
%’ “
r,
-

%




muscle larvae essentially as described by Tanner (1970)(see Chapter V).

’ The*TSE was sterilized by filtration through a Millipore f%]ter (0.45u)
‘} and stored at ~-70° C. in sterile, stoppered serum bottles until use. The
protéifaconcentration of the TSE was determined according to the techniqug
& : of Lowry et al. (1951). Rats were immunized intramuscularly (i.m.) three
times per week for three weeks by alternately injecting the thigh muscle

of the right or left hind leg with 0.1 m1 of TSE (10 mgnprotéin/ml),injected

T ENER T

either alone or emulsified with an equal volume of Freund's Incomplete

Adjuyvant (FIA). Rats were immunized with a total of 9 mg protein over the

;V*/ three week/period. Controls were injected in a similar manner with either
AN ’ .

(
sterile PBS or PBS emulsified with FIA. . ) !
&

4) INDIRECT HEMAGGLUTINATION

The indirect passive hemagglutination test (IHA) was doné essen-

¥

| tially as described by Stavitsky (1954). Sheep red blood cells (SRBC) were

TR T TR T Mg | WG T Ry Rk e L OO B YRR OF e | A O

tanned with 1:40,000 tannic acid (10 min., 37° C.) in PBS (pH'7.2) and sen-

4

sitiggd with TSE (5 mg protein/ml) for ten minutes at room temperature in

I W

£
—

PBS (pH 6.4). A1l sera and the normal rabbit serum used in the diluent were

. heat inactivated (56° C., 30 min.) and pre-absorbed (room temperature,

[T

15 min.) with an equal volume of packeﬂ SRBC to remove "natural' Forssman
N antibody. Serial two~fold dilutions (0.05 m1) in 1% norma]p}abbit serum
(pH 7.2) of inactivated rat antisera were mix%d with 0.025 ml of 2.5% sen- - .

e i
sitized SRBC in "Microtiter" plates. After mixing, the plates were incubated

; " at room temperature and the iﬁg]utination titer was read after 12 hours as
' s = s \ )
A ) b ; : . o
> o ‘the highest serum dilution to show a 1+ reaction (Stavitsky 1954). The,
L 4 v \ 3
b

appropriate positive and negative controls were included in all titrations,

[ J ,
, /
' A
.
.
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>
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5) EVALUATION OF THE ABLASTIC AND( TRYPANOCIDAL ANTIBODY RESPONSE

The ablastic antibody response of the rat to T. lewisi was
followed by determining the coefficient of variation (CY) in the Tengths
of trypanosomes during the course of the infection according to the tech-
nique of Taliaferro and Taliaferro (1922)*as described in the previous
chapter. The trypanocidal antibody responses-were determ{ned by titrating
the rat sera in vitro %or agglutinating antibodjes to either dividing stages
(1st antigenic variant) or the inhibited adult stages (2nd antigenic variant)

t.as described previously in Chaptér VI.
\

N

“6) EXPERIMENTAL PROTOCOLS 2 |

EXPERIMENT I - THE EFFECT OF ENTERAL OR PARENTERAL INFECTIONS OF
| T. SPIRALIS ON THE HOST RESPONSE TO T. LEWISI
The following experiment was designed to examine the role of
the enteral or parenteral phases of the 1i%e cycle of 7. spiralis in the -

v

induction of immunopotentiation towards cha11enge{infections with T. lewisi.
4Th?/30/6;;;;es River CDF rats used in this experiment were divided into

six groups of 5 rats each and the treatment regimen for these groups is
d%sp]ayed in Table 7.1. Immunization with enteral, parenteral or natural

infections of T. spiralis were done as described above and control grodps
(I and Y) were injected wiéh culture medium (i.v.) or Methyridine (s.c.)
respeétive1y.,A]1 experimental and control animals were challenged with

T. lewisi at the same time and the immunizations w?th either enteral or
pargﬁ%era] infections (befotg trypangsome challenge) were timed to cor-
ré%pond with the period during which these phases of fhé life cycle normal-
1y occu; during the course'of the natural infection (Group I1I). The dose

- of newborn Tarvae was estimated to produce an equivalent number of encysted . e

c 7
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| TABLE 7.1 Y
TREATMENT REGIMEN FOR ANIMALS IMMUNIZED WITH ENTERAL, PARENTERAL,
OR NATURAL INFECTIONS OF I. SPIRALIS AND CHALLENGED WITH I. LEWISI

o W @ () (p) &) - (F)
GROUP  I. SPIRALIS ~ NBL* FTNBL ™~ METHYRIDINE =~ I. LEWISI. DAYS BEFORE.
# (P.oJ) (1.v.) (1.v)) (s.c.) (1.p.) CHALLENGE
I - - - - % N
3 R - - - “\\‘#;, 28 TN
111 - £ - { 21
Iv - Y - a0
\. | N i N
v - - -\ t\\ + 24 '
(p)
% £ - - \ + + 28, 2

(A) ORAL 1NocULATION oF 100 INFECTIVE MUSCLE LARVAE PER 0S (P.0.)

(B) INTRAVENOUS INOCULATION OF 20,000 LIVE NEWBORN LARVAE

(c) INTRAVENOUS INOCULATION OF 20,000 FREEZE-THAW-KILLED NEWBORN LARVAE

(D) SUBCUTANEOUS INOCULATION OF METHYRIDINE TO TERMINATE THE INFECTION

(E) INTRAPERITONEAL INOCULATION OF 5 X lOS‘TRYPANOSOMES

(F) DAYS BEFORE TRYPANOSOME CHALLENGE WHEN RATS INQCULATED WITH A, B, C, OR D
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/ , /
muscle larvae as would be recove?ed from an 941ma1 inoculated orally with
100 infective muscle larvae (Group 1I).

[Trypanosome payasitemias were’ followed in all groups by hemo-
cytometer counts of tail blood diluped 1/200 using 10 ul capillary tubes
and "Unopettes” as described previously in Chapter V. The number of encyst-
ed muscle tarvae of T. sgira]js in groups II, III, IV, and VI was determin-
ed by acid-pepsin digestion of infected carcasses at the end of the experi-

ment. - ~

|

&EFPERIMENT 11 - THE EFFECT OF IMMUNIZATION WITH A SOLUBLE ANTIGEN
\ i EXTRACT OF T. SPIRALIS ON THE IMMUNE RESPONSE OF
TMIMTTgl.gygg
The following experiment was designed to iﬁvestigate the influence
of immunization with a soluble antigen extract of T. spiralis muscle stage
larvae (TSE), on the humoral immune |response of the rat to T. Jewisi. 20
Charles River CDF #ats were divided into 4 group§ of 5-animals each. Experi-
mental groups were immunized over a three week period with either TSE (group
1) or TSE pius FIA (group III) and controls were injected in the same manner
, with either PBS (gréup I1) or PBS p]us\FIA (group IV). One week after the

Tast injection, all %ﬂts were challenged jntraperitonea11y with b x 103

trypanosomes. The course of trypanosome parasitemias and the coefficients K
of variation (C.V.) were followed as described above. 40 days after the
challenge infection with T. Jewisi, all rats were bled by cardiac puncture
for 1.0 m1 of blgpod and the sera collected as described previously. Sera
were titr@ted for/anti-TSE antibodies by the IHA tést and for trypanocidal
antibodies by the in vitro agglutination of Tiving trypanosomes. Three days

2 after collecting the sera, the rats in all groups were challenged orally
]

'
fir’
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with 100 infective tmuscie larvae of T. spiralis to assess the relative
protection of the host due to the previous immunization with TSE. Thirty
days after this challenge infect;ion, all rats were killed and the number
of encysted muscle larvae determined by acid-pepsin dig?stion of infectgd -
carcasses. ‘

o’

7) STATISTICAL ANALYSIS

3 o

Results were analyzed statistically using the Student's t-test
and the Ana]}y%is of Variance F-test (Snedecor and Cochran“1967) where
appropriate, and when necessary, extraneous values were rejected using the

Q-test (Dean and Dixon 1951). )

RESULTS ‘ r
EXPERIMENT 1

o~
The course of trypanosome parasitemias for groups of rats immun-

ized with enteral, parenteral or natural infections of T. spiralis and
challenged with T. 1ewisi, are displayed in Figure .7.1-7.3. A comparison
between animals injected with 1iving NBL (group III), sham-injected controls
(group 1), or animals that received aﬁnatury infection with 100 muscle
larvae of T. spiralis is depicted in F\igure 7.1. As reported in the twa
previous chapters, the pe;aik trypanosome parasitemias in rats chaHeng;i\
wijch T. lewisi at 28 days after the nematode infection (group II) were
significantly inhibited when compared to controls wiithout T. :spira]is
(group 1)(50.2% of the control value on day 8, P<.01). Peak tgpar;osome
parasitemias for animals that were injected intravenously wi’th 20,000 NBL
:md challenged 21 days later with T. lewisi we-re also 1’nh1‘b1:ted to (some

degree (73.6% of the control value on day 8, P<.05) although not to the
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FIGURE 7.1 . :

Course of trypanosome parasitemia in rats immunized with B

3 ¢
parenteral or natural infections of T. spiralis andWe;Sged {

‘ with T. lewisi. Each point represents the.mean *SE for fiv | :
4 \ - H
1 , g
] animals. 3
‘ §

4 (€)) = GROUP I - Controls, no I. spiralis %
() = GROUP II - 100-infective muscle larvae per os & i

. ‘ . . 5

(%K) = GROUP IIT - 20,000 Tiwve NBL i.v. - : ¥ !
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FIGURE 7.2

Course of trypanosome parasitemias in rats immunized with freeze-

thaw-kilied newborn larvae (FTNBL) or natural infections of T. spiralis °

and challenged with T. Jewisi.

Each point represents the mean *SE for

five

/
(¢ )

(%)

animals.

GROUP II - 100 infective muscle larvae per os

/
GROUP IV - 20,000 FTNBL 1.v.

GROUP I - Controls, no T. Spiralis
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FIGURE 7.3

N
Course of trypanosome parasitemia in rats immunized with drug-

and challenged with T. lewisi. Each point represents the mean *SE

for five animals.

3 =GROUP II - 100 infective muscle Narvae per os

(@) = GROUP V - Controls, no T. spiralis, Methyridine s.c.

(%6) = GROUP VI - 100 infective muscle larvae per os, Methyridine s
_(drug-abbreviated enteral infection)

4

-

abbreviated enteral infections or natural infections of T. spiralis

.C.

N —

Q)

. ez mmasuen 2




- aeams TS

!

% e -
- ,\- ~ 9 x D
s ISIM3] )L HLIM NOILD3ANI H3LdV SAVa N
el 1 zZL oL 8 9 0
- 1 1 1 1 L. e
. ) > \
‘ 05 O :
o ;
o S , o
) i -n
. : - . E
. %/ ]QO— ¢
<
. g
\ »
W -os1
—— L =
..m ' 09 v
| / =000 w/q )
. , @
- . : -0sz o
. 4 0
+ - v G
.‘ 1 o
, Loo¢ ]
. * N
/ [ c o



same extent as in group II. Therefore, immunopotentiation was induced in

rats by immunization witH‘only the parenteral phase (migratory and encysted
intracellular stages) of the { spiralis infection. [
‘ An inhibition of trypanosome paras1tem1a did not occur in rats’
ifjected With an equivalent dose of freeze-thaw-killed newborn larvae -
(Figure 7.2) indicating the importance of impunization with 1iving migra-
tory Br encyste&uqusc]e stages in the induction of this phenomenon. Rats L
that were immunized with a drug—abbre&ﬂated enteral infection (group VI)
did not show any significant differenees in parasitemia from the controls
(group V, Figure 7.3) and these results suggest that a 96 hour exposure
to only an intestinal infection Qith T. spiralis is not sufficien§ to in-
duce immunopotentiation in this model.

The number of encysted muscle larvae in animals inoculated either
orally with 100 infective larvae {(group II) or intravenously with 20,000
NBL:(greup I11) was determined at the end of the experiment in-order to
compare the level of muscle parasitism in the;e groups. The results pre- ,
sented in Table 7.2 show that an average of 52% of the inoculating dose
of 20,000 NBL was recovered/as encysted muscle Tarvae. The totalenumbeﬁ )
of larvae recovered from afiimals in these groups was not s1gn1f1cant1y
the difference "in the number of Tarvae recovered

. Y
per gram of carcass was/statistically significant (P<.005). No encysted

different (P>.05) althou

muscle larvae were recovered from animals given either‘drug-abbreviatéd
infections (group VI) or intravenous injections with FTNBL (group IV).
= ) . &

EXPERIMENT II

The course of trypanosome parasitemias for rats immunized intra-

muscularly with TSE (group I) or TSE emu]s1f1ed with FIA (group III) hre .

a
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. B TABLE 7.2 = |
* "  THE RECOVERY OF MUSCLE LARVAE FREM RATS INOQULATED ORALLY WITH INFECTIVE P
. © MUSCLE LARVAE OR INTRAVENOUSLY WITH LIVE NEWBORN LARVAE OF T. SPIRALIS

TREATHENT CARCASS WT, ' TOTAL LARVAE - LABMAELQRAM z.gagawaarf
) ” (GRAMS) RECQVERED =~ CARCASS ‘ .
g - GROUP_III . 118.5 - 10,000 . 8.l © 507
A 20,000 NBL = 82.5 - 7,200 - &3 - 36% :
, (rv.)  « 1185 . 13,533 - 1142 B8% -,
- 76.8 o .5,800 ' . .75.5 - 297% ) ’
111.5. - 15,400 13810 -7

o "~ MEAN 10,387 - - 99.9 . 5%
B 4 + SE 1,81 . #15 497

T 2 g e (O S B ey L el o e
J [ 5 E g s

GRQUP 11 75,6 "12,266 162.2. . a’ )
100 MUSCLE 842 15,533 84.5 - - =

LARVAE (p.0.) 86.3 .- 18,066 209.3 . g e

° 793 7 11,733 o - e

81.3 - - 14,200 174.7 " ' B LT,

- MEAN 14,360 175.7 L

+ SE - 1,149 - #10.3 -

. * % RECOVERY OF NEWBORN LARVAE INJECTED I.V. = (TOTAL LARVAE RECOVERED/20,000) x 100
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pre§ented in Figure 7.4, The immunization of rats with TSE alone (group I)

enhanced ‘parasitemias (as compared to the controls, group I1), as well as

I >

delayed the onset of the 1st crisis in parasite numbers, which occurred ’

/

in the controls on day 8 but was delayed until day 10 in the immunized -

group. THe enhanced trypanosome parasitemias in group I were also reflected

by a significantly higher mean coefficient of variation (P<.05) on day 8 g

of the infection (Figure 7.5), indicating that the ablastic antibody re-
sponse was either delayed or depressed in this group as compared to the
non-immuqized controls. ,

In rats immunized with TSE plus FIA (group III), trypanosome
‘barasitemias were significartly enhanced over that of anjma]s immunized

‘with TSE (group I) or non—immunized controls- (group II)(”Figure 7.4). How-

ever, this result was difficult to interpret in view of the fact that the

" control group injected with PBS plus FIA (group IV) also showed significant-

ly enhanced parasitemias as compared to those of groups I and II. Enhanced
parasitemias in groubps I1I and IV were alsb reflected by higher mean
coéfficients of variation on day 8 of the trypanosome infections (as com-
pared to control group II, Figure 7.5), indicating that parasite reproduc-
tive activity continued in the presence of a delayed or depressed ablastic
antibody response .in both these groups. The st crisis in the controls in-
jected with PBS plus FIA (group IV) occurred on day 8 of the infection, as
was the case for controls in group II, but the onset of the 1st crisis was
delayed until day 10 in rats 1'mmun1'zed{w1'th TSE plus FIA (group III).

The sera of animals i‘n groups I-IV were collected 40 days after
Jinfection and?titrated for the 1st and 2nd trypanocidal antibodies to 1

T. lewisi as well as for specific anti-TSE immunoglobulin. The mean

agglutinating titers for the trypanocidal antibodies are displayed in "Table

/ : | g
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¥ Course of trypanosome parasitemias in rats immunized with TSE or

’ - 1-
TSE plus FIA and challenged with T. lewisi. Each point represents the

‘mean

'

+SE for

"

1]

GROUP

FIGURE 7.4

five animals.

I - TSE i.m.

GROUP

I1'- PBS i.m.

GROYP

II11 - TSE plus FIA i.m.

GROUP

IV - PBS plus FIA i.m,
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The coefficient of variation (CV) in the lengths of trypanosomes.

=l

(index of reproductive activity) during the course of T. lewisi infec-

.

tions in -rats immunized with TSE or TSE plus FIA. Eagh point represents
the mean *SE for five animals. ' /
A) CV for rats immunized with TSE (group I)(3) and for controls !

injected with PBS (group II1)().

B) CV for rats immunized with TSE plus FIA {group III)(3) and
- ]
for controls injected with PBS plus FIA (group IV)i(.).
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7.3. Although thi mean titers for the 1st and 2nd trypanocidal antibodies
for rats immunized witﬁvTSE (group 1) or TSE plus FIA (group III) appeared
to ‘be slightly lower than those of fhg control groups, these differences
were not statistically significant. Therefore, although the production of
the 1st trypanocidal antibody or the onset of the first crisis appeared to
be delayed until day 10 in both of the immunized groups (I and III), the
antibody titers of these groups were not significantly different from the
controls at 40 days ‘after the trypanosome infection. ©

The sera of rats immunized intramuscularly with TSE (group I)
or TSE plus FIA (group III) were also titrated for antibodies to TSE in
order to assesé the relative effectiveness of’theseoimmunization procedures
in stimulating the productiog of specific immunoglobulin. }he mean IHA
titers for these groups are presented in Table 7.4. Those rats immunized
with TSE alone had“@e]ative]y Jow IHA titers as compared to animals immun- .
jzed with antigen plus adjuvant, and these differences were highly signi-
ficant (P<.001). The effectiveness of the immunizations with TSE in protect-
ing animals against challenge infections of T. spiralis was assessed by \
inoculating the rats in groups I-IV orally wi{h 100 infective muscle larvae
and dgternﬁning the total number of encygted muscle larvae 30 days later.
The results displayed in Table 7.5 show that both methods of immunization
were equally effective in protecting ratsaagainst a challenge infection
with 7. spiralis. Although thebanti—TSE IHA antibody %iters of rats in group x
111 were significantly higher than%those of group I (Table 7.4), the degree

of protection in these two groups was not significantly different.

—
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TABLE 7.5
- THE MEAN AGGLUTINATING (TRYPANOCIDAL) ANTIBODY
\ -
TITERS (LOG,) FOR-RATS IMMUNIZED WITH TSE AND _
CHALLENGED WITH TRYPANOSOMA LEWISI
() . * (B) *
TREATMENT  1st TRYP. AB.  P-VALUE  2Znp TRYP. AB.  P-VALUE
(MEAN % SE) (MEAN * SE)
GROUP I 50 £32 4.0 +.28 | '
TSE (1.m.) | S
P>,05 - P>.05
GROUP 11 5.6 %25 b4 40
PBS (1.m.) . - N
GROUP 11 4,8 *.37 “ 3.8 %37 i “
TSE + FIA
(1.1, P>.05 . P05 . ¥
: ¥
GROUP IV 5,4 £.25 4,2 £20
PBS + FIA &
‘(A) TITRATED WITH LIVING REPRODUCING STAGES (IS ANTIGENIC i
VARIANT) | IS
- (B). TITRATED WITH INHIBITED ADULT STAGES (2ND ANTIGENIC Ed
VARIANT) | \ )

* STUDENT'S T-TEST SR ‘ '
i

\A
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TABLE 7.4
LOG, ANTI-TSE IHA™ ANTIBODY TITERS'
FOR RATS IMHUNIZED WITH TSE -

TREATMENT ~ LOG, IHA TITER P-VALUE"

=

el

j—

*

(MEAN * SE)

GROUP I

TSE (1.m4) 2.4 £,24 .

GROUP 111
ISE + FIA

(1.mM))

P<,001.
10.6 £,20

* TITRATED WITH TSE-SENSITIZED SRBC
*A STUDENT'S T-TEST
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TABLE 7.5
'THE RECOVERY OF MUSCLE LARVAE FROM RATS IMMUNIZED WITH TSE AND

CHALLENGED ORALLY WITH 100 INFECTIVE MUSCLE LARVAE OF I. SPIRALIS J

TREATMENT * TOTAL LARVAE % PROTECTION™" P-VALUE™™
RECQVERED :
. GROUP | | .. -

TSE (1.m.) 8,400 © 53.6%

8,867 51.0%

14,133~  21.9%

8,400 53.6%

11,933 34.0% -
) mean 10,347 42,87 P<.025

+ se £1,154 .47 . (T vs ID) - :
G ‘ | . ,ﬁi
PBS (1.m.) mean 18,106 - | i
£ sE 2,498 f
e |
TSE + FIA 5,400 73.9% o
(1.m.) 3,467 83.2% . » 3
10,000 51.7% 5
MEAN 6,289 69,6 P<,005 i
\ + se 1,938 9,37 . (Il vs IV) i
PBS + FIA  mean 20,720 ’ i
(1.m.) * +-se £1, 844 : | L

* " TWo RATS DIED BEFORE CHALLENGE
** PERCENT DIFFERENCE. BETWEEN IMMUNIZED AND CONTROL GROUPS
##% STUDENT'S T-TEST ,
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DISCUSSTON
’ ) . The object of the present study was to determing whether the
immunopotentiation dbserved in Trichinellosis towa}ds challenge infections
with T. lewisi is associated with a specific developmental stage of the
parqsite's 1ife cycle, and to determine if it required the presence ?f the
Tiving parasite or could bé induced by immunization with an antigen exfract.
The results of experimeht I indicate that immunopotentiation could be stimg—
lated by the intravenous inoculation of 1iving newborn larvae, which'produces
only the parenteral phase of infection in the host. However, the‘jntravenous
injection of an equivalent dose of freeze-thaw-killed newborn larvae did not
significantly alter trypanosome parasitemias, indicat{;g a reguirement for
either l1iving migratory or encysted, intracellular musc]e’stages iﬁ(the in-
duction of this phenomenon. The immunization with a drug-abbreviated enteral
jnfection, exposing the host to only the molting muscle larvae and sexually

mature aduits, did not significantly effect the trypanosome infections, sug-

gesting that a four day exposure to the enteral phase of the nematode infec-

A
, tion was insufficient for inducind immunopotentiation in the rat model.
Eea . ,
The temporal patterns of immunopotentiation, enhanced RES activity,

g

-
R |
e

and humoral immunosuppression during Trichinellosis (Fig. 5.2, Chapter V)

are consistent with the above findings. These altered states of immunological

N

responsiveness were a function of ‘the intensity of infection, but more impor-

BRI PO N

tantly, appeared to be related to the mode and timing of antigenic stimula-

tion by the various developmental stages of the parasite's life cycle in.the

host. Low level infections of T. spiralis in_the rat (100 Tarvae), produced

o oG S aaama I

T S T o

a depression of humoral responsiveness to SRBC, that was restricted to 14
- : days after infection (during the peak period in which the newborn Tarvae mi-

‘:? | grate to the muscle tissues of the host), a result which is consistent with

} J '
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the temporal pattern of,immunosﬁppressipn in Ehe mouse model (Faubert 1976). ¢
Immunopoténtia%ion on the other hand, did not occur at 14 days, but was 5
evident when rats were challenged with T. lewisi at 7 days (during the peak (
period of larviposition), or at 28 days (during the chronic intracellular
muscle stage) after the nematode infection. This temporal patterﬁ of immuno-
potentiation in the rat is consistent with seve}al others previously demon-

strated in T. sgira]{s—infectedamice: Cypess et al.(1974) have reported an

increased resistance to i.p. oY i.v. challenge infections with Listeria

monocytogenes, which occurred at 7 or 2] days after infection but was abro-

gated aftqr 49 days, and Lubiniecki and Cypess (1975) have demonstrated

small but significant increases in the incubation period énd survival time
of nematode infected mice injected with Sarcoma-180 Ascites tumors at 28 days
but not at 56 days following the helminthic infection. Other studies, how-
ever, have {ndicated that immunopotentiation may occur in both short-term

and long-term infections of T. spiralis: Cypess et al. *(1974) and Molinari

et al. (1974) have observed enhanced cell-mediated (delayed type) hyper--

sensitivity to BCG in mice infected with T. spiralis either before or after
prolonged periods following the administration of a sensitizing dose of BCG, é
and Molinari and/Eberso1e (1976) have demonstrated c&%p]ete resisfance to

the transplantable murine tumors B-16 Melanoma and Lewis Lung Carcinoma in i

mice injected with tumor cells after long-term (6 month) infections of T.

\
spiralis. ‘ ’

Recent research by Faubert (1976), invéstigating the temporal
relationship between depressed humoral responsiveness to SRBC and the de-
velopmental stages of the tife éyc]e of T. spiralis in the mouse model,
has indicated that immunosuppression is Qe]] correlated with the peak of
the migra;ioﬁ of newbgrn larvae to the muscle tissues of the host. In this

hl
B

\
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.study, the newborn larval stage of T. spiralis was shown to secrete sub-

stances in an in vitro culture system that could diffuse through a Milli-
pore membrane and suppress the induction .01: an lﬂul:r_o_ antibody response
to SRBC. Adult worms or muscle stage Tarvae failed to suppréss the antibody
response in this system. More recently, Ackerman and Fabubert (1977) have
shown that in mice inctulated intravenously with either viable or freeze-
thaw-killed newborn larvae, the splenic plaque—forming cell response to
SRBC was reduced 50% and 80% respectively when mice were challenged with
SRBC ogﬂyN four days after the inoculation of the parasite larvae.

| The ability m; the newborn larval stage of T. spiralis to induce
both immunosuppression in the mouse and H’mmunopotentiation in the rat ap-
pears| somewhat pafadoxica]. However, an important difference between the
present study and tha:c of Ackerman and Faubert (1977) res{des in the time’
period between the inoculation of the newborn larvae énd the chaHenge‘ with
the heterologous antigen or parasite. Ackerman and Faubert (1977) challenged
mice with SRBC only 4 days after the injection of newborn larvae, whereas

in the present study, -21 days were allowed for the newborn larvae to com-

plete their migration and to encyst intracellularly in the striated muscle

, s
cells before the trypanosome challenge. In terms of the natural course of- -

the nematode infection, the former case corresponds to approximately 14
days after infection (period of maximum immunosuppression), whereas the
latter case corresponds tq approximately 28 days after the helminthic in-
fection (period of maximum immunopotentiation). Therefore, if the newborn
larvae of T. spiralis are capable of secréting immunosuppressive factors'
during the migration to the muscles (Faubert 1976), then it would appear
from the re'sults of the present study, that these factors are either not

\

produced, or no longer secreted once larval de\/e1opment has progressed to
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to the intracellular, encysted stage of the infection.

v ) ‘ " In spite of the apparent requirement for the [;aréﬁi—era] phase

f ~ of the 1. spiralis infe&tion inistimulating thelhost response to T. lewisi &
?’r: in experiment I, an attempt was madeg 'Eo indu;e immunopotentiation by immun- z
g: ' izing rat“s with a soluble antigen extract of the myscle stage larvae (ex- '
E perirénent IT). Rats i.rrnnupized intramuscu]ar]i with fSE, ejther a19ne or with .
E . Freund's Incomplete Adjuylant, had significantly enhanced trypanosome para- g j
P sitemias as com!)ared to non—i;munized controls. Enhanced parasitemias were ‘1{
:_" a requ; of a suppressed or deiayed ablastic a;\tfbody respohse as well as.

: 'a 'delayed 1st crisis in iimmum'zed animals. Although the delayed Ist crisis- -

might ha\Yé resulted from a suppression of the st trypan/ocida1 antibody T .

response, the aggiutination titers of this antibody were not significantly

T TSR

differept from non-immunized controls at 40-®ays after infection.

AT ¢

: &
The ability of Freund's Incomplete Adjuvant to enhance parasitemias“ '
{ in the controls (?’roup IV) "is difficult to explain. This gffect may possibly

be related to an excessive amount of stress induced in this group with a

consequegt cortisone release (Christian and Davis 1964 ) dug to the three

week regimen of .intramuscular mJectwns of adjuvant in the hind leg muscles .

oy om R T
ok ”'ES;E’ g,

i

of the rat. Among its several reported functions, .cortidone is known to—m,/\

e e v R T erege o SWOE WELT W BRETTIOW T ate
°
.
s

%}
\ f * A
| hibit antibody production (McMaster and Franzl 1961 Nelson 1969). An in- :}2
\ | hibition of the ablastic and ]st tPypanocidal antibody responses of the
} _rat to l.ffex;visi, due to the immunosuppressive effects of cortisone, would
' result in enhanced parasitemias and a delayed 1st crisis’ in this group. The
ability of cortisone treatment to produce \}irulent«_T_. lewisi infections in
rats by interfering with the ablastic and trypanocidal antibpdy responses
has been reported previods'ly (Sherman and Ruble 1967). ‘
¢ ' THe intramuscular immunization regimen used in this experiment i
& " ) ,
_ } q -9 < :gg:
(r '

s
‘




\ . R

o

Y [ T YGIIYT S S Y R 8 e s e
. ; LY
? 4 - X N . b

13 ‘. "
. i .

was highly effective ir/1/ stimula'ting the production of specific anti-TSE

‘< immunoglobu] in in the rat, and although the host's humoral -res/ponsiveness

~ toa hetero]ogoué' challenge organism (7. ]_gﬁjs_i) ‘was.depressed by TSE,

immunized rats were significantly protected against a homologgus challenge

with T. spiralis. These results confirm those of earlier studies on the

immunosuppressive activity of so1u“b]e extracts lof T. spiralis musc]le larvae

} (Barriga 1975; Faubert and Tanner 1974, 1975).

. - , The isolation, purlification, and ide‘ntification of the potent \ ‘
immunosuppressive fictors secreted by the newborn larvae ;'md present in

. soluble extracts of T. spiralis muscle stage larvae should aid fn our under-
standing of why‘ infections lwith this nematode are capable of both a suppres-
sion of‘specific cellular apd humoral immune responsiveness and a potentia-

N

; ' t+on of non-specific cell-mediated immunity to heterologous antigens and

i ' organisms,
v
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CHAPTER VIII ) o ' AN
‘THE RfFECT OF NON-SPECIFIC IMMUNIZATION WITH BCG ON
THE WOLOGICAL RESPONSE OF THE RAT.TO T. LEWISI
[ -. - i ..
" INTRODUCTION : I .

The mechan1sm by which T. spiralis induces,a potent1at1on of
1mmunolog1ca1 responsiveness -to hetero]ogous organ1sms is stiTl unclear
Cypess et al. (1974)_and Meerovitch and-Ackerman (1974) have sugge:ted
that immunopotentiation is a function of enhanced non-speciffc cellt

mediated immunity in which the agtivated macrophage is the effector cell.

- The fact that T. spiralis infections dectedse the 'susceptibility of mice

\ ) -

. to intracellular parasitism by Listeria monocytogenes (Cypess et al. 1974)

_and pqtentiate cell-mediated (delayed type) hypersensitivity.to'BCG in

mice (Cypess et al. 1974; Molinari et al. 1974; Molinari ;Z;>Cype§s 1975),
strongly supports this suggestion. More recently, Meerovitch and Bomford
(1977) have demonstrated that perifbneql magrophages taken from J. spiralis-

infected mice are cytostatic for Rl Tuekemia cells in vitro; this re-

sult lends further supp;rt to the role of the activated macrophage\as the
effector ce]] in 1mmunopotent1at1on during experimental Trichinellosis.

3 The mechanism by wh1ch T. spiralis 1nfect1ons can 1nh1b1t the
development of a concomitant infection with T. lgg1§l_rema1ns unclear. The
results pres;ntgd in Chapter-VI indicate that T. spiralis infections Ao
not potentiate the humoral responsivenéss of the rat to T. lewisi and the
extensive immunochemical analyses in Ch;ptér V, failed to revéa] any cross-
redeting antigens between these>parasites.'The results of Chapter V, how-

ever, do demonstrate that the ability of'l, spiralis infections to enhance

non-specific BES activity is correlated with’the inhibited‘development of (
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"spleen cells (macrophages) that are in a close assoéfation with plasma cells

° tion (Greenblatt 1973).

0
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trypanosome parasitemia that occurs when rats are challenged wjth T. Jewisi

at 77 or 28'days after the nematode infection. Although previous workers \ .
. -

have described an apparent lack of correlation between enhanced RES 'phago-

cytic activity and increased resistance to intracellular paraéitism s

(Bohme 1960; Lue%a\ivd Nussenzwejgl]9§9; Ruskin et al. 1969) “their results o
do not preclude -the possible involvement of -enhanced ret1culocyte phagocytic ¥

activity in the spleens of rats concomitantly infegtgd with T. spiralis

o :
and. T. lewisi. : : v Za
: ) 3

Research on the immunological response of the rat to T. lewisi . f?

has failed to provide definitive evidence for the role of specific or non- 3

\ PN

specific cell-mediated immunity or non-specific RES activity in contro1;

]1ng 1nfect1ons with this parasite, other than a §ubs1d1ary function for .%
o
phagocytos1sl1n clearing lysed or agg]ut1nated trypanosomes from the blood. ' \’3

stream (Taliaferro ]929; D'Alesandro 1970). Recent research by Greenblatt

LORSaT

(1973), however, has demonstrated the presence of T. lewisi in reticular

in the ép]eens of infected rats. Therefore, a1though the normal trypanocidal
mechanism may pr1nc1pa11y 1nvo1ve lysis ‘and agg]ut1nat1on, it is highly
1ikely that splenic macrophages play an 1mportant role in both antigen:

processing and-in the eventual removal of tnypanosomes from the circula-

) A number of diverse agents that are known to enhance RES activi- "
ty non-§pec1ff;a11y, have also been shown tJ inhibit the deQe]opment of
I lewisi, infections. Styles.(1965, 1970) was able to obtain an inhibition .
bf T. lewisi parasitemia (similar to that presented in'this dissertation)?

by pre-treating rats with small serial doses of E. coli enddtoxin or the

toxXin ‘holothurin, a,&fiioid saponin of the Bahamian Sea Cucumber Actinopyga
v a L !
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agassizi. Similarly, Singer et al. (1963, 1964) found tha} the resistance

~

. s | .
of mice was enhanced when bacterial endotoxin was administered prior to

infections with T. rhodesiense, T. congolense, and T. duttoni. Tate (1951)
has demgnstr;ted inhibited trypanosome parasitemias in rats previously in-
- /

fected with the spifbchete Spirillum minus, such thatwratg challenged with

1 \

. " TI. lewisi after the spirochete infections developed only transient, sub- !

bk S P . < il
s U, o O . P !

ST IR

patent parasitemias. While these authors suggest that endotoxin moieties

or spirochete infection may act via the non-specific stimulation of RES

activity, none of the.above mentioned sthdies attempted to cowWrelate en-

to inT

¥
;
e
3
;
.'
b

hanced reticulocyte phagocytic'activity with increased resistance

g
\

fection,

The immunological factors involved in non-specific resistance

[y
’

A . -
to parasitic diseases in general, are not yet clearly understood, but a

@

large variety of maferia]s have been found to stimulate non-specifically

' either .specific immune.responsiveness or general host résistance (for a

B

o -

review see Yasphe 1971; Shilo'1959). Bacillus Cé]mette-Guérin (BCG), an

attenuated strain of Mycobacterium bovis, provides non-sPecific resistance

against a wide variety of diseases, including parasitic, infectious, and

neoplastic (for a review see Chapier IV). In view of the knowd ability of‘
systemically administered BCG to produce marked alterations in éhe mécrd-
bhagg elements of the RES, including heightened phagocytic activity and .:
increased bactericidal and cytotoxic activities of individual macrophages
(Biozzi et al. 1960; 01d et al. 1961), the following study was conducteJ
for the purpose of comparing the'effecés of a BCG-stimulated non-specific
cell-mediated immunity with the effects of T. spiralis’ infections on the

host response to T. lewisi. To thys purpose, rats were immunized either

intraperitoneally or intravenously with graded doses of BCG and subsequent-

»
«

1y challenged with Trypanosoma Tewisi.
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MATERIALS AND METHODS
1) EXPERIMENTAL INFECTIONS

>/‘Inbréd afbinp, female rats (v100 grams) of the Charles River,

GDFnstrain?(Charles River Breeding Laboratories, Willmington, Mass.) were

used in this experiment. Stock 1nfect1ons of Trypanosoma lewisi were main-

tained in ouxbred CD, alpino feméﬁe rats (~100 grams)(Canadian Breeding
¢ : Farms, St. Constant, Québec) as descriPéd previously in Chapter V. Experi-
menta'l a'm’ma]s were housed indi.vidua'lly 1hn wire-l')ttom cages and feél )
Purina Rat Chow - and water ad 11b1tum ~

i The stra1n of T. lewisi used in this study is descr1bed in de-

tail jn Chapter V. Trypanosomes for initiating experimental infections
were obtained from stock-infected rats 12 days afteruinoculation. Purified
suspensions of tryBanosomes were prepared according to the technigue of
Lincicome and Watkins (1963)(see Chapter V) and experimeﬁta] animals were
inocu]étedekth 5.0 x 1b3 infg;tjve trypanosomes (0.5 ml) intraperitoneally
withdut anaesthesia. Trypanosome "parasitemias were followed éurind the
course of the infections qy daily hemocytometer counts of tail blood di]uteq
.1/200 uéing 10u1\capi11ary tubes and "Unopettesa as described previously in
Chapter V. Thin b]ggd films prepared during th;‘ghprse of the iﬁfections
: were stained witﬂ Giemsa's Blood Stain andaused‘for a determinatior’ of the

w

Coefficient of Variation (CV):

2) IMMUNIZATIONS WITH BCG

Rats were immqnized either intraperitoneally or intravenously in
5 6 '

!

the tail vein with 5.0 X 10 or 5.0 x 10° colony forming units (CFU) of
1yoph111zed BCG (Lot #170716 Institute de M1crob1o]og1e et d'Hygiéne de

Montréal, Quebec) in'0.5 ml (i.p.) or 0. 25 ml' (§.v:) ster11e distilled

. . Soar =S 4 \ N L 5 " N
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©#30 -gauge needle in the dorsal aspect of one hind footpad, whereas the con-

. If the object (of volume V) has a Tower specific gravity (So g/ml) than

water, injected using a 1.0 ml syringe and a #26 'gauge needle. In a pre-

liminary experiment, rats were immunized with 5.0 x 107 CFU injected i.p.
. . | .
in 0.5 ml distilled water. '

V

3) ASSAY FOR DELAYED TYPE HYPERSENSITIVITY

Experimental animals were tested for delayed-type hypersensitivity
responses (bTH) 44 days after immunization with BCG in order to assess the

level of specific, cé]]-megiated immunity stimulated by the different doses

e an e SRR AR
BN e o, T e
Gk T e

and routes of inoculation. F6otpad swelling was used as a measure of DTH “
) , ) :
(Gray and Jennings 1955). The level of immunity was assessed after challgnge ;

L T

LT

AL ,-};ﬁ A
13,
FRLE

with 0.1 ml (5,0 mg) of old tuberculin (0T; Connaught Medical Research

.
LY

-

Laboratories, University of Toronto, Canada) injected intradermally with a

tralateral hind pad (control) was injected with an equal volume of sterile
physiological saline. The degree of swelling was measured after 24 hours
actorﬁing to the technique of Axelrad (1968). This'method depends upon the

principle that an object immersed in a fluid will displace its own volume.

that of' the fluid (Sf g/ml),/then tﬁe pressure (Pg) needed to achieve total
immersion in the fluid is given by the formula: P = (Sf-SO)V .

;; Mettler (ﬁode] P1200) top loading, single pan ba{ance with an
optical scale, calibrated in 10 mg divisions was used. The balance was tared
for a 250 ml beaker filled with_mercﬁryxand the deflection produéed by
immersing the rat's paw (to the level of a line draﬁn in the groove immediate-
ly distal to the lateral ma]leo{;s) was noted. Rats were ether-anaesthet1zed

and the hand immersing the paw rested on a firm bridge over. the surface of

the mercury. This method can clear1y detect a paw vo]ume ‘difference of 0.02m

-
4
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‘ (Axelirad 1968). - \ 1
’ Results were calculated as the‘percentage difference in volume

betweén the experimental and control footpads, and a reaction was considere&
positive if the swelling in the OT-challenged footpad was at least 20%
greater than that measured fer the saline control. Statistical ana]&ses

were performed on the absolute and percentége differences in footpa& swel -
ling using thé Student's t-test, and the results Were essentially identical

)

for’ both analyses.

N
\

;, | 4) EVALUATION OF THE HUMORAL RESPONSE TO-T. LEWISI

The ablastic antibody response of the rat to T. lewisi was fol-
. ) lowed by determining the coefficient of variation (CV) in the 1engths of

trypanosomes at 6, 8, and 10 days after infection according to the tech-

q nique of Taliaferro and Taliaferro (1922)(see Chapter VI). The 1st and 2nd

n
4
!
3
3
¢
he
e
3
1
F -
k

trypanocidal antibody responses to T. lgﬂigi were examined by titrating rat
sera (collected 40 ‘days after infection) in vitro for agglutinating anti- :
bodies to either diviaing stages (1st antigenic variany) or inhibited adult
‘stages (2nd antigenic variant) abcor&ing to the technique of D'Alesandrq

(1976) as described previously in Chapter VI.

5) EXPERIMENTAL PROTOCOL / ) :
“ EXPERIMENT I - ‘ o

A small preliminary experiment was conducted in order to examine
the effect of BCG on the development of T. lewisi parasitemia. Ten Charles

River CDFﬂrqts were divided into two groups of five rats each. Five rats

7

were inoculated with 5.0 x 10" CFU (0.5 m1) of BCG intraperitoneally and

five rats were injected i.p. with an equal volume of physiological saline.

~
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Seven days after immunization with BCG, all rats were challenged with"
» A “1 )

o : ’ S
5.0'x 10° trypanosomes given i.p.. . /

. + ! - (,’

- . -

EXPERIMENT 11

) ' l Ll
Experiment II was.designed to investigate. the effect of different

- o

doses and routes of indculation of BCG on the host's 1Tmunolog1ca1 response

to T lewisi. The 25 pqr]es River CDF rats used in this exper1ment were

d1v1ded into five grouﬁ§ of five rats each. The treatment regimen for . these
experimenta1 groups- is, disp]ayed in Tab]e 8.1. Four groups of rats were in-

/
Jjected either i.ve7or i.p. with two different doses of BCG. Controls were

ilar manner wyth ster11e/phys1olog1ca1 saline. 14 days

(
after 1mmun1zat1oh\yifj BCG, all groups were cha]]enged i.p. with 5.0 x 10

3

trypanosomes. 30 days after 1nfegt1on with T. 1ew151\§the animals in a]l
groups were tested for a DOTH reségnse to 0T as described above. 40 days
after the trypanospme infections, all rats were bled by cardiac puncture
and the sera collected and titrated,fo} agglutinating (trypanocidal) anti-
bodies to T. lewisi. |

L]

6) STATISTICAL ANALYSIS '

Results were analyzed for statistical significance using the
Analysis of Variance F-test and the Studeﬁt's t-tést Qhere appropriate
(Snedecor™3nd Cochran 1967), and when necessary, extrade%us values were
’rejectgd using the Q-test (Dean and Dixon 1951).
N
RESULTS
EXPERIMENT 1

The development of ﬁarasitemias in rats immunized i.p. with

. 5.0 x 107 CFU of BCG or controls injected with saline is displayed in
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4 7 " TABLE 8.1 -
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: TREATMENT REGIMEN FOR GROUPS OF RATS IMMUNIZED .
: ~ WITH BCG AND CHALLENGED WITH I. LEWISI j
r / -
GROUP BCG DOSE  ROUTE  TIME INTER-  CHALLENGE  TIME INTER-  DTH FOOT- °
(C.F.u)* VAL (pavs)  INFECTION** VAL (pAvs)  PAD TEST*** .
5 1 5x10° v, 14 Loewst 30 + .
. 1 5x10° ne. 4 T Lewist - 30 R
- I 5x100 1w, 14 I. Lewist . 30 +
| I IV 5x100  1.p. 14 T. LEWISI 30 +
v b CONTROL SHAM 4 1. LEMWIST 30 +
) *  COLONY FdRMING UNITS ] . -
* b x 103 TRYPANOSOMES 1.P. ) ‘ . . -

e DELAYED TYPE HYPERSENSITIVITY TESTED WITH "OLD TUBERCULIN

i
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Figure 8.1. Parasitemias ln‘the two groups paralleled each other‘;nt1] day
. .: 9 of the infection after which time the rats pre- -treated with BCG deve1oped
; and sustained considerably enhanced paras1tem1as over those of the controls.
\ Rats pre-treated with BCG sustained enhanced infections throughout the ;
| period in wh1ch the para51tem1as were followed. Pre-treatment w1th BCp/also
induced cons1derab]e varijation in parasitemias as evidenced by the very

/

: ' large standard errors in this group as compared to the non-immunized con-
- trols. .

EXPERTMENT 11

‘d}Z/ The development ;f tﬁypanosome parasitemia§ in rats i%ﬁunized V:g

©

with BCG according to the treatment regimen shown in Table 8.1 are displayed

L T SR

in Figures 8. é and 8,3. Rats immunized intraperitoneally with BCG (groups

IT and IV) deve]oped lower peak parasitemias on day 8 of the 1nfect10ns
than the non-immunized controls in group V (Figure 8 2) However, the tower
parasitemia values recorded for the BCG-treated rats in these groups were

| t:fi significantlx different from the control values at any time during the

ection (P>.05). ' .

]
In contrast, rats immunized intravenously with BCG (groups 1 and

/

II1I) developed s&gnificantly lower peak parasitemias/on day 8 of the ‘infec-

ebah T R i St i e 1 oS

ke oa

IR RS I V.S TP 1

tion than non-immunized controls in group V (Figure/8.3, P<.05). Although

these BUG-treated groups (I'and I1I) sustained lowe(émean parasitemias than

the controls throughout‘the course of the infection, these differences were

Hnly statistically significant on day 8. The barasitemias in the two groups

5

-, treated intravenously with 5 x 10" or 5 x 106 CFU of BCG (groups I and III

! respectively) were not significantly different from each other during the
J = .

course of the infections.

The level of specific, cell-mediated immunity induced in rats by

!

S S R e R

the various doses and routes of inoculation of BCG was assessed 44 days
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FIGURE 8.1

The course of trypanosome parasitemias in rats immunized with

5.0 x 107 CFU of BCG intraperitoneally and challenged 7 days later

with Trypanosoma lewisi. Each-point represents the daily mean trypano-"

some parasitemia +SE for five animals.

7

(é) = Controls, saline i.p.; (3¢ = 5.0 x 10° CFU of BCG i.p.

3

[
% ) - -’

.
I

»

®

s

A 43 e ot

=




. ‘ o
P J.,N,M,upﬁ\'m,\g-,w..ﬂ.m"_ PP

L

; i L. .
) . 3
. . _n
} . ,
. o - H@H
.‘ N ’ -°
‘ W
T /
.- 1 4
i - _ \n
'f\\‘ - —~ ——
’ } T i
ZJ. - -2
, \ P
e
- ‘ e AP
. | . o
: |

!
o
o

i
o
e
N

; aoolig 1w

2

i |
= =] .
g o n e
iyt —

“.’ 'q

§77 X A
/gm X ‘SdAHL 40 °ON .

1 0
PENTAL S IR S TR Y
w IR ,, e 7‘5’?‘?\%&3\.@'&-~ VI h W e e

DAYS AFTER

INFECTION WITH

*

o



Tt kAl
N S I T I TR L b T il U S )

4
E-4 {4 ‘
y
3 ,
FIGURE 8.2 . . ’ \ )
. A ‘ .
3
-] o . \fi
The course of trypanosome parasitemias ig rats immunized intra- %
- N
peritoneally (i.p.) with BCG and challenged 14 days 1atgr with ?
Trypanosoma 1ewisi.‘Each point ‘represents the daily mean trypanosome g
- o 4 \Y‘
pargsitemia *SE for five §nimals. \ | @

(@)
€. )
()

GROUP V - Controls, no BCG

6

GROUP IT - 5.0 x 10° CFU of BCG i.p./ N~ A

GROUP IV - 5.0 x 10° CFU of BCG i.p.
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The course of ‘trypanosome parasitemias in rats immunized intra-

venously (i.v.) with BCG and challenged 14 days later with Trypanosoma
lewisi. Each point represents the daily meaﬁ\tﬁypanosome parasitemia xSE

- o

for.five animals. ’ "
(@)
(%)
()

GROUP V' - Controls, no BCG

n

GROUP I - 5.0 x 10° CFU of BCG i.v.

1]

GROUP IIT - 5.0 x 10% CFU of BCG 1.v.
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‘after immunization by determining the extent of a 24 hour DTH footpad swel- ;
ling reaction after'the injection of old tuberculin. The results presented
N in Table 8.2 indicate that all rats immunized intravenously with BCG showed\

positive DTH reactions to OT (groups I and III), although the two doses of

T e e =~
LTE SN SR PR DN

- L PR A

_'BCG 'did not produce significantly different levels of DTH. Rats immunized
\
intraperitoneally with, BCG (groups IL and IV) did not all exhibit\positive

DTH responses, although the average percent swelling .in these groups was

significantly different from that of the controls in group V. ‘The BCG dose

of 5.0 x 106 CFU i.p. in group IV was considerably better in st1mu1at1ng

5

a cell-mediated DTH response than was the lower dose of 5.0 x 10° CFU i.p.

R VRSN

in group II: N

/ The effect of BCG treatment on the development of %cquired humoral .

immunity to T. zgwisi in the rat was followed by examining both the ablastic

EER IR S

and the trypanocidal antibody responses in immunized animals.' The ablastic’

oy <
577 PR ST A

antibody response waé'fol]owed by determining the coefficient of variation
(CV) in the\iengths of trypanosomes on days 6, 8, and 10 of the infections.
The CV is a s%atsst1ca1 index of paras1te reproduct1ve activity (Taliaferro
‘and Ta11aferro 1922) and is a direct’ ref]ect1on of the changes in the t1ter
of ablastin, the reproduct1on-1nh1b1tygg\En¢1body,to T. lewisi (Coventry -0
1925)5 The results presented in Table 8.3 show that the pre-treatment of
yats with BCG, either i.v. or i.p. (groups I-IV), had no effect on the CV

as compared to non-immunized controls (group V) onodays 6, 8, or 10 after
1nfect1on The inhibited development of peak parasitemias 1n groups 1 and

111 (F1gure 8.3) on day 8 of the 1nfect1on was not ref]ected by lower coeffi-
cients of variation (enhanced product1on of ablastin) in these groups. .

Therefore, ‘CG-treaiment had no effect on the ablastic antibody response

\

to I, Tewisi




- TABLE 8.2 - —
DELAYED HYPERSENSITIVE FOOTPAD SWELLING REACTIONS

24 HOURS AFTER CHALLENGE WITH OLD TUBERCULIN®

. ~ GROUP  BCG DOSE  ROUTE OF  # ANIMALS'™™  AVERAGE'®’ P-VALUE'®’
: " (cFu)  INOCULATION. POS./GROUP-~ (%) #SE :

s S 5x10° 1w 5/5 35,826, * <.00L

: Il 5 x 10° 1.p. 2/5 16.2 #.4  <.05

% 11 5 x106 LV, 5/5 ' 37,343.3. <001

4 IV 5x 100 . 1., 35 . 233481 % <001

- V. CONTROL.  swaw O/5 ~ 10.842.6

i Ivs 11z P<,001; 111 vs IV: P<,001; I'vs III: P>.05; ILvs IV: P<.05

‘% ) * - * TesTED 30 DAYS AFTER IMMUNIZATION WITH BCG =
4 (A) REACTION CONSIDERED POSITIVE IF CHALLENGED “FOOTPAD EXHIBITED 20%

GREATER SWELLING THAN CONTROL FOOTPAD ‘
(B) AVERAGE % SWELLING = (EXPERIMENTAL-CONTROL)/coNTROL X 100 - ..
{c) STUDENT'S T~TEST: P-VALUES WERE SIMILAR USING ABSOLUTE VOLUME INCREASES

88t
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‘ TABLE 8.3 _
THE MEAN COEFFICIENTS OF VARIATION, (CV) FOR RAfS\ - 1
IMMUNIZED WITH BCG AND CHALLENGED WITH I. LEWISI
~ CV (MEAN +SE)*
ﬁRQUE BCG DOSE  ROUTE OF DAXS_AEIEB_INEEﬁllﬂN
(cru)  INQCULATION 6 8 10
5x10° 1w, 27/{:&2'.7 9.0 £1.5 9.8 41,5
| o
IF\ - 5x10°  1.e. 3000 £2,3 8.6 £L.4 8.4 1,3
EIL - 5x 106 A A 29.0 #2.4 8.4 £1,2 85? +1.0
Iv 5x 100 - 1.es 29.4 2.4 12,2 #1.4 10,0 1.2
Vv CONTROL SHAM 27.4 2,1 10.4 #1.7 8.8 1.4
* THE MEAN VALUES FOR GROUPS I-IV ARE NOT SIGNIFICANTLY
DIFFERENT FROM THE CONTROL GROUP ON DAYS 6, 8, or 10
AFTER. THE INFECTION (P>.05). :
|
' 1
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. rat sera collected 40 days after. infection for agg1ut1‘nat1lng antibodies:
to either 1iving reproducing stages (1st antigenic variant) or inhibited,
. non-aividing ‘adult stages (2nd antigenic variant)(collected 6 or. 14 days
after infeetion respectively). The resui.ts presented in Ta‘bie 8.4 indicate
'that the mean agglutinating (trypanocidal) antibody titers for rats jmnun—
ized with BCG (groups I-1V) were not\sigm‘ficantly different from those of
non-immunized controls in group V at 40 days after infection. "l’herefore,

/ | pre-treatment wi t_h BCG did not appear to effect the development-of the @)\)

trypanocidal responses of the rat to T. Jewisi. l

DISCUS\SION ( ;

\ Bacillus Calmette-Guérin (BCG) brovides enhanced non-speciﬁ’é/ ‘
resistance in a wide variety of infectious (Nakamura and Cross 1972; '
Larson et al. 1972), neoplastic (01d et al. 1959; Bluming g_t_gl. 1972;
Hersh et al. 1973; Gutterman g;_\gi. 1973), and para;itic (Ortiz-Ortiz i
et al. 1975; Tabbera et al. 1975; -Rau and Tanner 1975; Clark et al.

) 1976; Mahmoud et al. 1976) diseases. Lthbughi the specific modes of action
of BCG in stimulating non-specific resistance in this broad spectrum of
diseases are stﬂl‘ somewhat controversial, it is generally recognized that

) immunization *with 1ive BCG can enhance antibody production (Miller et al.
1973), and produce marked alterations in the macrophage e]erpents of the
RES, including heightened phagocytic activity and increased microbicidaln
and cytotoxic activities of individual macrophages (Biozzi gé_]_. 1960;
01d et al. 1961)\. It has been suggeﬁsted that the activi’ty of BCG as an anti-
cancer agent may involve a combination of several mechanisms (Bartlett et

al. 1976) including: 1) a generalized stimulation of immune responsiveness

. and 'Iymphoreticﬂu]ar activity following systemic administration (Oldﬂdé't al.




191

&

TABLE 8.4 -

THE MEAN AGGLUTINATING (TRYPANOCIDAL) ANTIBODY
TITERS (LOG,) FOR RATS IMMUNIZED WITH BCG AND
CHALLENGED WITH TRYPANOSOMA LEWIST

() o
GROUP NO.  1st TRYP. AB P—VALUE 2nn TRYP, AB.B P-VALUE

(MEGH * se{\\ji;ix . (MEAN % SE)

I 4.8 49 4,0 +32.  Ns

I b1 ,50 NS 4,2 *.58 NS

I11 4,6  +.51 NS 4,6 +,24 NS

IV 5.0 £,31 NS 4.4 +,60 NS ' -
v 4,8 +.73 4,6 *25

(A) TITRATED WITH LIVING REPRODUCING STAGES
(1ST ANTIGENIC VARIANT)
(B) TITRATED WITH INHIBITED ADULT STAGES .
(2ND ANTIGENIC VARIANT) .
* STUDENT'S T-TEST, NS = NOT SIGNIFICANT (P>.05)
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. 1960, 1961), 2) a_local and non-specific destruction of tumor cells at
the site of é de]axeé-t}pe hypersensitivity react;bn to BCG ("innocent by-
stander" éffect)(Ba%t]ett et al. 1972), and 3) a true adjuvanticity whereby
the administration of BCG in temporal and spacial proximity to tumor cells
(either mixed in the tumoé)ce11 inoculum or by infiltration of the tumor
nodules) rgsu]ts in Augmented development of systemic, tumor-specific,
rejection immunity (Bartlett and Zbar 19;;; Hawrylko and Mackanessl1973).
The use of BCG in investigating the role of non-spec{fié immunit&
in the host-parasite relationship ﬁas‘now become highly fashionable. Indeed,

the efficacy of using BCG or other non-specific immunostimulants such as

Corynebacterium parvum in the*immunotherapy of parasitic diseaseﬁ is now
under extensive investigatjéﬁ (Brener yéh Cardoso 197€% Kierszenbaum 1975;
Swartzberg QE:EL. 1975). Live BCG has beén reported to protect against a
number of experimental protozoal infections, the success of which has varjed/
considerably with the dosee strain, and route of administration. Thus, intra-
peritoneal inoculations of viable BCG did not protect mice against T. cruzi

(Hoff 1975) or Toxoplasma gondii (Frenkel and Caldwell 1975), and BCG in-

jected into the retrobulbar space of rabbits did not.protect the eyes froﬁ‘
T. gondii (Tabbera et al. 19752. In contrast, pre}treafhent intr;venously
with viab]é ECQ reduced,the'pumber of circulating T. grg;j_a%d,enhanced
survival timds of mice (Ortiz-Ortiz et al. 1975) and protected rabbits’
eyes, from T. gondii (Tabberg et al. 1975). However, Kuhn et al. (1975) were
unab]e to suppress T. cruzi parasitemia or enhance survival tlmes by pre-
treat1ng ntice 1ntravenous]y with BCG. The most promising and cons1stent
results to date using BCG are those of Clark et al.-(1976) and Clark and
Allison (1976). These authors have been able to completely suppress the ‘

' \ /
development of Babesia microti, Babesia rodhaini, Plasmodium berghei, and |

Plasmodium vinckei in mice using either intravenous or intraperitoneal in-
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jections of BCQ‘

o

The extensive differences observed ¥n the effects of BCG on
protozoal infections may simply be a question of the BCG strain, the dose
and route of inoculation, or the timing of the immunization relative to

. the challenge %ﬁfection, rather than éﬁy fundamental differences in the
protection afforded by BCG immunization against different protozoan para-

" . %
sites (Clark et al. 1976). This may be especially true in view of the re-
sults of the present study. S

v i
L4

Ina pre1iminan§ expefiment (experiment I), a dose of 5.0 X 107
« CFU of BCG givew i.p. caused considerable enhancement of T. lewisi para-
siteMNas when immunization preceded the trypanosomé cha]]enge by seven days.
Howevg%, mmun1iat10n with lower doses of BCG (5.0 x 105 or 5. 0 X 106 CFU)
a?so given i.p. (experiment 1I) did not enhance trypanosome parasitemias
and may have actually inhibited the deve]opment of peak parasitemia to
. some degree, when immunization preceded the trypanosome ché?!enge by 14
days. In contrast, the same doses of BCGfgiven intravenously 14 days before
trypanosome cha]]énge (exper%mant\JI)L significantly iﬁhib{ted the develop-
ment of peak T. lewisi parasitemias on day 8 of the infectiéns.
The results of experimen;s I and II do not confirm those of a’
recent study by’ Tizard and Ringleberg (1975) on the gffects of bacterial
adjuvants on T. lewisi infections in rats. These auéﬁors failed to demon-
strate either enhanced or suppressed T. lewisi infections after the intra-
muscular administration of BCG. These confticting results confirm the ob-
servations of other workers that BCG-induced, nonjspeéific resistance to
protozoal infections and neoplasia is a function of both the dosage and

the route of inoculation. For example, in a recent study of BCG dosage and

tumor rejection phenomenon, Bartlett et al. (1976) found that the dose of

&




Gt T N A A sy T

| 194

. BCG required‘for optimal suppression of local tumor growth, was Hetrﬁ— .
) ‘ mental to the developmeﬁ£ of a sustained and systemic tumor immunity. It
| J/f is obvious from observations such as these, and the conflicting reports
‘ of Kuhn et al. (197p), Ortiz-Ortiz et al. (1975), and Hoff (1975) that
the variable effects of dosage and route of administration of BCG oﬁ non-
specific stimulation of host resistance needs further evaluation an&'re—

N

search. |

The present study was conducted for the purpose\of compar%ng the
s ‘ + effects of non-specific, cell-mediated immunity gtimulat;d by BCG? wjth
the effects of T. spiralis infections on the immunological response\of
the rai to T. lewisi. Although there is congiderab]e‘evidence to suggest
that immunopotentiation in Trichinellosis is a function of enhanced non-
specific, cell-mediated immunity (Cypess(gg_gl, 1974;!Mo1inari g;_gl,'1974;
} Molinari apd Cypess 1975), the mechanism of immunopotentiation during con-
% comitant infections of T. spiralis and T. 1gyj§jujs-unc1ear. It was hopeé
that this comparétive study would aid in an underétanding of how a siimu-
Tation of cell-mediated immunity might affect the host response to.T. lewisi. v
The results of experimedt II indicaté that the systeqfit.administration of
BCG (i.v.) was capable of causin; an gnhibited develogment of peak trypano-
~ some parasitemia, whi\e the normal humoral response (abiastic and‘frypano—

cidal) of the rat appfared unaffected. These results mirror those obtained

for rats infected frith T. spiralis, in which peék parasitemia was inhibited,

while the ablastic and trypanocidal responses were unchanged (Chapter VI).
) A host undergoing a high level of cell-mediated (delayed-type)
hypersens{tivity to BCé, may upon secondary 4timu1ation, re]easg soluble
. factofs (1ymphokines) which‘activate macrophages and enable them to destroy

' unrelated organisms more effectively (Mackaness 1969). In this situa'tion.

4

<
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the‘non~specific stimulator must antigen‘c, and the host must be under-,
going the corresponding immune response. Afthough the efféctor cell (macro-
pha?e) is specifically activated, 4t is non-specifically active and can
destroy a wide variety of'phylogenetically and antigenically .unrelated
organisms (Ruskin gg_gi. 1969). It is therefore dot'difficu!t to see a
similarity betwéen the effects that sﬁimu]ation with BCG (expériment 1),
T. spiralis (Chapters V and VI), or bacterial endotoxin (Styles 1965) might
have on the host response to jnfection with T. lewisi.

Definitive evidenc€ for’ rbie of spedific or non-specific cell-
médiated immunity or RES pha ¢ activity in controlling infections
with T. lewisi has not been presented in the past (Ta]iaf@rro 1929; D'Ale-

sandro 1970). In spite of the fact that T. lewisi infections are prihcipa]ly

controlled by three well defihed'humora1 antibody responses (Taliaferro 1926),

Py R y

the results of the present study and those of Styles (1965, 1970) lead me
_to presume that an apprdpriate stimulation of non-specific cell-mediated
immunity or RES phagocytic aétiyiiy by agents such as BCG, T. spiralis, or

bacterial endotoxin, can result in enhanced resistance to T. lewisi.

!
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CHAPTER IX

Q

THE PHAGOCYTIC ACTIVITY ?F PERITONEAL AND SPLENIC

v \ Y
MACROPHAGES FROM TRICHINELLA SPIRALIS-INFECTED AND .

BCG-IMMUNIZED RATS ON TRYPANOSOMA LEWISI IN VITRO

J

INTRODUCTION

b

Research in the past concerning the immunological responsiveness
of the rat to T. lewisi has not provided affirmative evidence for a role
of specific or‘non—specific ce]]-mehiated immunity or RES activity in con-
trolling infections with }his trypand%QTe (Taliaferro 1929; D‘A]esandro

1970). Recent studies by a number of people, however, have clearly demon-

- strated {e capacity of splenic or peritoneal macrozhages from normal or

infected Hosts to phagocytize T. lewisi in vitro ge and Lysenko 1960;

Patton 1972; Greenb]a}t and Tyroler 1971) as well as the capability of whole

spleen cell or peritoneal cell transplants from immune or hyperimmune rats

to confer protection against T. lewisi in non-immune recipients or immuno-

suppressed hosts (Greenblatt et al

. 1972; Patton 1965, 1972).

The results presented in Chapter VIII of this thesis suggest that

an dppropriate stimulation-of non-specific, cell-mediated immunity or RES \‘

activity can effectively inhibit the full development of T. lewisi infec-
tions. The similarities between the effects of infection with T. spiralis
(Chapters V and VI), BCG immunization (Chapter VIII),Ior pre-treatment with
E. coli bacterial endotoxin (Styles 1965) or the toxin holothurin (Styles
1970) on T. lewisi infections, suggests the possibility that a common mech-
anism of immunopotentiation may underlie the activity of all of these dif-

ferent agents.

-

Cypess et al. (1974) and Meerovitch and Ackerman (1974) have

\:&“*g{-;f*’:f -~ "
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N suggested that immunopotentiation during Trichihe11o}ﬁs probably manifests
— .
! itself in the form of non-specific, cell-mediated immunity &n whigch the

-gctivated macrophage is the effector cell. In this situation, macrophages
specifically activated by infection with T. spiralis would be non-specifi-
e !
“i cally active against a wide variety of heterologous organisms or neoplastic

! cells (Lubiniecki and Cypess 1975; Ruskin et al. 1969). Meerovitch and
’ (33

3
. Bomford (1977) have tested this_ﬁypothesis in vitro and have shown that
peritoneal ﬁacrophages taken from mice infected with T. spiralis for 6 to

S
36 days are activated and highly cytostatic for Rl Leukemia cells as com-

pared to macrophages from normal animals. -

In view of the fact that activated peritoneal qg;sp]enic macro-

s}

phages have beer conginually alludbd to as the effector cells in immuno-

o

E ) potentiation during ekperimenta] Trighinellosis, if gas of interest to ex- ?%
5} p]orevtpe potential of this cell type for phagocytic actiyié% towardé‘l. g%
3 lewisi. Therefore, the purpose of the gxperiments reported in this chapter S

. was to investigate the ability of splenic or peritoneal mécrophages from ‘:}
%{ rats infected with T. sgiré]is, or immunized with BCG, to phagocytize try- ﬁ
i panosomes in vitro. To this purpose, macrophages from the spleens or peri- g
{ " toneal cqviiies of normal animals, rats immunized with BCG, or rats infec- “2

@ﬁ é
ted with J. spiralis or T. lewisi were cultured and compared in vitro for

»

»
[Py

\ .
the ability to phagocytize T. lewisi in the presence of homologous or heter-

[y

ologous immune sera.

e

MATERIALS AND METHODS
=~ 1) THE PARASITES, EXPERIMENTAL INFECTIONS, AND IMMUNIZATIONS

. TRYPANOSOMA LEWISI

The strain of T. lewisi used in this study was maintained by

serial transfers at two week intervals in outbred CD, albino female rats
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(100 grams)ﬂCanadipn Breeding Farms, St. Constant, Québec) and is de-
scribed in detail in Chapter V..Char1es River CDF, inbred albino, fgmale
"rats (n200 grams) were experimentally infected i.p:—withlm1.0 x,105 try-
banosomes from a previously infected stock rat. Twelve days after inocula-
tion, the rats were bled by cardiac purgture and trypanosomes free of host
blood cell components Qere obtained by means of DEAE-Ce]]u]oge Anion Ex-
change Columns (Lanham 1968; Lanham and Godfrey 1969; see Chapter V). The
trypanosomes were washedlthree times in phosphate-buffered saline (pH 7.2)
containing 1% glucose, by centrifugatibn at 4% . (1000 x g, 10 min.),
resuspended {n steri1eftissue cu]tu;e mediym (see below) at a concentra-
tion providing suitab]e)numbers for the phagocytic test, and stored on ice

until use.

o

. -
. j
o -

R e

TRICHINELLA SPIRALIS

§. , T Jghe strain of T. séiralis used in this study is déscribed in

%ﬁ detail in Chapter V. Infecting stocks were maintained in outbred CD rats
?3 ho inocu]%ted orally with 3,000 infective muscle larvae, and muscle larvae

%” for inipiat}ng experimenta! infections were obtained from donor §%qpk rats
i ' which had been inoculated thirty days previoysly. Experimental and stock

g infections, and/fhe recovery of muscle larvae were done according\to tech-
%‘ 2. niques ad&pted from Tanner (1968) and are described in detail in Chapter V.
N : ;

For the purpose of. this study, Charles River CDF, inbred rats (n100 grams),
were inoculated per os with 100 infective muscle larvae, 28 days before
the collection of the peritoﬁea] or spleen cells that were\used_in the
phagocytic test.

BACILLUS CALMETTE-GUERIN (BCG)

' g Charles River CDF, inbred albino, female rats (~100 grams) were

6

’ immunized intravenously in the tail vein with 5.0 x 10~ colony forming

_units (CFU) of 1ypphi1ized BCG (Lot # 1707-6; Institute de Microbiologie
) i ‘ = ‘ / '. / ' )

\
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et d'Hygiéne de Montréal, Quebec) in 0.25 ml of sterile distilled water,
injected using a 1.0 ml syringe and a #26 gauge needle. Immunizations were
done 14-days before peritoneal exudate or sp]eé% cells were collected for

1 .
the in vitro phagocytic test. e 4

2) COLLECTION OF IMMUNE SERA

The Qﬂ??ghs immune and normal rat sera (see below) used in }he
in vitro phagocytic test were co]]ected from Charles River CDF, inbred
a1b1no, female *rats pré&1ous]y 1nfected with T. lewisi or T. spiralis, or

s ' hyper1mmunlzed with T. ‘lsﬂlél. Rat; werq'bled by cardiac puncture and the
, blood was allowed to clot for 12 hours at 4° C.. The sera were collected

by centrifugation (1500 x g, 30 min. ) and heat 1nact1vated (56° C., 30 min. )

A

Sera were pooled and sterilized by f11trat1on through a "Millipore" f11ter

R

(0.45y)..and stored in sterile, stoppered serum bottles at -20° C. until

T TR Ay

use,

| 1) Normal Rat Sera (NRé) - Normal rat sera were collected from
‘ \ \ ’
. ! naive an1ma]s ‘ ’ ¢

2) Immune Rat Sera - T. 1ew1s1 (IRSTL) - Immune sera -from rats .

infected with T. lewisi were obta1ned from animals which were

N

inoculated with ~1.0 x 10° trypanosomes and bled approximately -

. 40 ddys ldterﬂ when an examination of the blood no longer- re-
vealed circulating trypanosomes. : '

3) Immune Rat Sera - T sg%ra]is (IRSTS) - Immuqe)§era from rats N

infected with T. spiralis were obtained from animals which = /
had been inoculated 28 days previously with 100 infective .

| . musc]e larvae per os.

| . . 4) Hypenmmune Rat Sera - T.-lewisi’ (HRSTL) - Hypermmmne sera

were obtained from rats which had recovered from a primary “1

My, pre R APTIER T Ry Dy vty e o e B
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‘infection with T. lewisi (v40 days) and were subsequently
ehallénged i.p. with two doses of a purified suspension of
living trjpanoéemes (n1.0 x 107 organisms, prepared according
to the technique of L1nc1c0me and Watkins (1963)) given at
two week’ 1nterva1s Sera were collected one week after the

, last injection of the trypanosdmes. .

v T 3) COLLECTIdN OF PERITONEAL EXUDATE AND SPLEEN CELLS )
PERITONEAL EXUDATE CELLS (PEC)

Peritoneal exudate cells were collected according to the tech-
P ~nique of Takayanagi et al. (]974) Rats were killed rapidly with ether

and the, per1tonea1 cav1ty injected with 10. 0 ml of Hank's Balanced Salt

~

i . Salution (HBSS) pH 7.3, containing 10 i{p /ml sod1um heparin. The peri-

\ ) toneum was gently massaged and the fluid conta1n1ng the PEC: was withdrawn
aseptically using a sterile syr1nge, and transferred to a 12 ml centr1fuge
tube. The cells were sedimented and washed twice by centr1fﬁgat10n at 4° c.

- . in a clinical centrifuge at approximately 1 500 rpm. The ce11s were gently

resuspended in 5.0 ml of t1ssue culture med1um (TCM) consisting of TCM 199,

20% fetal ca]f serum, 50 I.U./m pen191111n, and 50 ug/ml streptomyc1n,

pH 7.3, and stored on ice until use \Viable cells were counted with 0.2%

Trypan Blue in a Spencer Br1ght11ne Hemoqytometer and the concentrat1on

adjusted to 2 0x 10 V}able cells/ml. The entire procedure was done w1th'

the cells ,either refrigerated (4° C.) or kept on ice.

SPLEEN CELLS (SC) T

Spleen cell suspensions were prepared according to the techniqhe
! " of Greenblatt and Tyroler (1971). ﬂne'spleen of the rat was removed asepti-
Q cally and a cell suspension was prepared by gently sieving the spleen through

)

| .
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1

a‘#80‘mesh stainless steel screen into 10'ml of ice cold TCM. The suspen-

sion was transferred to a sterile 12 ml centrifuge tube and' the sp]eén\

\

cells were gently sedimented and washed with TCM three times by centrifu-
gatioﬁsat approximateiy 1,500 rpm at 4°\C. in a refrigerated clinical

‘ \
centrifuge. The cells were gently resuspended in 10.0 ml of TCM and stored

on ice until use. Viable cells were céunted as described above and the con-

centration adjuste& to 1.0 x 107

\ 2
*

done with the cells either refrigerated (4° C.) or kept on ice.

‘viable cells/ml. The entire procedure was

N . . . '

N L . |
4) PREPARATION AND CULTURE OF MACROPHAGE CELL MONOLAYERS - .
1 ) ‘
The macrophage monolayers (adherent cells) used for the phago-

N\
cytic-test were prepared according to the technique of Greenblatt and

Tyraler (1971).- Spleen cell suspensions (1.9 X 107

6

celis/mi) or peritoneal
exudate cell su;pensions (2.0 x 10° cells/ml} prepared as described above, ..
were dispensed in volumes of 2.0 ml or 1.0 ml respectively into Leighton
tubes containing 1b x 40 mm coverslips. Tubes were incuEated at 370 C. in
a humidified, COZLQas flow incubato;\(s% CO2 and air). After two hours of
- incubation, each culture tuPe‘was vigorously agitated and the culture
medium,ﬁithdrawn. The cell layer was next washed twice with 2.0 mi of TCM
by pipetting the culture medium across the surface of the coverslip and
genély agitating the tube. %he wash fluid was removed, the cells overlaid
with 1.5 ml of TCM; and the tubes were incubated as above for a few hours
;nti1 used ‘for the phagocytic test. The agitation and washing procedure -
y;gmbved_more'than 95%\3f the«n?n—adheéent 1ymphocytes and in some;prepara;

_tions it was difficult to find any cells other than macrophages on the

coverslips. . .

3
" |
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5) INCUBATIONS OF MACROPHAGE MONOLAYERS WITH TRYPANOSOMES AND SERA

The phagocytic activity of peritoneal ok splenic macrophages .
was assessed by incgbating the macrophage cell nnnq]ayers with trypanosomes .
and various immune or norga] sera. Before adding the trypanosomes and sera,

the culture medium has first discarded. Each Leighton. tube culture then
received 0.25 ml of a-suspension of trypanosomes containing 1.0 x lbq
organismsATI. After apprdximate1y on; ?inute, 0.25 m of iTmune or normal
serum and 0.5 ml of TCM was added each tube. After mixing thoroughly,
the culture tubes were incubated at 37° C. for two hours as described
above. At the end of this incubation period, the coverslips in the Leighton
tubes were washed twice with TCM to remove free trypanosomes. Coverslips
were a1r dried, fixed in absolute methanol for five minutes, and stained

N \

in Giemsa's Blood Stain. \

s

6) EVALUATION OF THE PHAGOCYTIC INDEX (P1)

e

‘The stained coverslips were mounted on microscope slides and
* A

éxamined using oil i@mersion optics (1000X magnification). Random fields
were examined and all macﬁophages enébuntered were examined for trypanosomes
either adhered to their surface or phagocytized. The phagocyt1c index, RI{%Q,
was calculated for 100 macrophages per slide accord1ng to the fo11ow1né Ei
formula:

() # of macrophages with adherent or phagocytized trypanosomes x 100
PI(%) = .

total # of Qpc phages observed
Since adherence is considered to be the first step to phagocytosis, the

phenomenon'was included in a cal

ation of the PI (Jones et al. 1972;
\

AN

Takayanagi et al. 1974).
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7) EXPERIMENTAL PROTOCOL

y ! .

’ . ' * A total of 24 Charles River CDF, inbred albino rats were used -
in these experiments. Peritoneal exudate cells or spieen cells were col-
lected from groups of three rats, each group of which received one of the

‘ .

following treatments: ' .

GROUP I  ~ Normal rats not previously exposed to BCG, T. lewisi,

or T. spiralis. o ' !

GROUP I1 - Rats infected 7 days previoqs'ly with T. ]_g_w_j_s_i ,
K ) (5.0 x 103 trypanosomes i.p.). ' ' . / |
L * GROP_III - Rats infected 28 days previously with 100 infective i
/ ~ muscle larvae of T. spiralis ‘p_te_r_“_cg. '
o GROUP 1V, - Rats immunized 14 days previously with 5.0 x 10° CFU E
| of BCG given i.v.. | » j

Adherent peritoneal (experim'eﬁt‘l) or adherent spleen ‘(experiment I1) cells

. from three rats :In each of these four groups were tested in vitro for their
‘abﬂ'?ty to phagocytize T. lewisi in the-presence of NRS, IRSTL? HRSTL, or
\ IRSTS according to the cul turg system diéplayeg in Table 9.1. The sp1e$n
cells or peritone{a'l cells from each rat constituted a separate ;eries of

four macrophage monolayer cultures, each of which was treated with one of.

the four different sera described above.

Results are presented as 4¢he mean phagocytic\ index (PI) #SE for -
the cei],monolayers from 3 rats in each groyp rece‘h)i?ng the same t\r‘eatment.
A9 l. v

RESULTS- J

' , _ The phagocytic activity of per{toneal or splenic macrophages

hspe, e e T 1 s AT
R L iR S T

fl"Oll\l rats in groups I-IV was assessed in vitro in the presence of normal Y
!

. {
. rat serum (NRS), rat anti-T. lewisi immune serum {IRSTL), rat anti-T. lewisi

/
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) |  TBLE 9.1
IN VITRQ CULTURE SYSTEM FOR PERITONEAL -
AND SPLENIC MACROPHAGE CELL MONOLAYERS

SOURCE  VOLUME. ADDED PER TUBE (M) -

OF  TUBE NRS IRSTL HRSTL  IRSTS IBXEQNQSQMES
CELLS*  #** 1x10° TRYPS/ML

GROUP T .

z

0.25 0.5
05 10,25

- 0.25 0.25
0.5  0.25

0.25 0,25
0.25 0.25

0.25 . 0.25

~ 0.25  0.25

0:.25 : ' 0.25
0.25 " 0.25

"0.25 0.25

) 0.25 . 0.25

- 0,25 0.25
0.25 |

- A PR AITTBINT) S T

“GROUP 11

-
P

MMAVTL LTuTUTuy LTTTul LTty

AR R L LR 7R e -

GROUP 1V

.,/ = -

OO0 OO0 OCOOOD OO0OOC O

1
2
3
4
1
2
3
i,
ROUP IIT 1
2
3
4
1
2
3
4

0.5
0.5, ° 0.5
0.5 0.5

* EXP. I - PERITONEAL CELLS; EXP, II.-~ SPLEEN GELLS '
- (SEE TEXT -.7) EXPERIMENTAL PROTOCOL) '
** COUR MACROPHAGE CULTURES WERE PREPARED FOR EACH OF THE THREE
‘ ‘ . RATS "IN GROUPS I-1V, EACH OF WHICH WAS TREATED WITH ONE OF
® . " FOUR DIFFERENT SERA., '
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N

hyperimmune serum (HRSTL), and rat anti- T. spiralis immune serum (IRSTS).
The phagogytic index, % PI, was calculated for cell mon®layers prepared

from 3 rats ip each group and are presented in Tables 9.2 and 9.3 as the

mean PI +SE.” Since adherence of the parasite to the macrophage cell sur-

face is considered to be the first step to. eéngulfment, this phenomenon

was included in an evaluation of the PI. ,

hod EXPERIMENT I - PHAGOCYTIC ACTIVITY OF PERITONEAL MACROPHAGES °

y ‘ Attachment and ingestion of trypénosomes by peritoneal macro-
phage; were greatly enhaqced by the adﬁitﬁon of immune or hyperimmune
homologous antisera against the parasitesT(IRSTL and HRSTL respectively)
with cells from a]l\sources (Grqups I-1V). The addition of normal rat_serum
(NRS) or the heterologous rat anti-T. sgira]is,imﬁune serum (IRSTS)  pro-
duced similar levels of phagocytosis with cells in any one particular
group. Phagocytosis did not occur appreciably w1th cells from un1nfeCted
control an1ma1s (group I) or cells from animals infected w1th T. pira11s
(group III) in the presence of NRS or IQSTS although phagocytosis was en-

Hanced.jn these groﬁps by the addition of immune or hyperimmune (IRSTL or

HRSTL) homologous antiserum against the parasites. Peritoneal macrophages

from rats immunized with BCG (group“1V) showed considerab]elphagocytic
act1v1ty with all four sera as compared to ce]ls from the controls (group 1),
or from T g1ra]1s ~-infected .rats (group III),and the phagocyt1c indices

in group IV compared favorably with the homologdus situation in wh1ch cells
derived from rats .infected with T. lewisi {group II) were incubated in’ rat
anti-T. lewisi immune or hyperimmune serum. . o

t

The results of this experiment suggest that 1mmunlzat10n intra-.

, ven?USIy with BCG produced a 51gn1f1cant activation of peritoneal macro- .

/phages which was reflected by an enhanced ability to phagocytize trypano-
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r " TABLE 9.2

/
THE PHAGOCYTIC ACTIVITY* OF PERITONEAL MACROPHAGES
FROM RATS INFECTED WITH I.. SPIRALIS, I. LEWISI,

/ OR BC6 ON I. LEWISI IN VITRO
\ :

A
SOURCE \ GES** ~
OF  GROUP I~ GROUP II , GROUP- IV
SERUM®***  CONTROL I LEWIST I i BCG
- !

NRS 2,315 167 #3.2  43:.5 103 £.5
RSTL . © 9.6 2.0 28.3 418  13.3 £.5 23.6 2.3
MRSTL . 14,0 %20 32.343.8 167 2.4 3L7 #.1
IRSTS - 2.0 1.2 16,0 2,9 4.7 #1.5° ' 9.0 2.5

* MEAN PHAGOCYTIC INDEX (PI) FOR CELLS FROM 3 RATS, *SE

SEE TEXT - 7) 'EXPERIMENTAL PROTOCOL
, "** SEE TEXT - 2) COLLECTION OF IMMUNE SERA
NRS = NORMAL RAT SERUM
IRSTL = iMMUNE RAT SERUM = 1. LEWISI
HRSTL = HYPERIMMUNE RAT SERUM - T. LEWISI -
IRSTS = 1MMUNE RAT SErUM - I, SPIRALIS

* %
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somes ig_gjgzg,fThis\macrophage activity was equivalent to éhat exhibited

in the homologous reaction with cells derived from rats previous]y infected .

with T. lewisi. Although the phagocytic indices for peritogeal macrophages

from 1. spiralis-infected rats were sljght]y higher than those for normal
“cells in all cases, these differences would not appear té be significant.

Therefore, inf;ction with T. spiralis 28 days previously, did not appear |
" to stimu]ate‘macnophage activity towards T. lgmﬂéj_as assessed by this in

vitro test of the phagocytosis of trypanodomes

-

EXPERIMENT IT - PHAGOCYTIC AQTIVITY OF SPLENIC MACROPHAGES

' The process of attachment and 1ngestion of trypanosomés by splen1c
macrophages occurred with celf;’¥rom all sources (groups I-IV)(Table 9. 3)
and was greatly enhanced by the addition of immune or hyperimmune antisera
against the parasifes (IRSTL and HRST} respect%vely). As was tﬁe case for
peritoneal macrophages{ the addition of normal rat serum (NRS) or the
heterologous rat anti-T. spiralis immune serum (IR§TS$ produced similar
levels ,of- phagocytosis for the cells in any one particular group. Phago-
cytic activity was very'low{ however, (<5%) for cells from uninfected con-
trol animals (group I) or cells from rats previously infected with T.
sgi;a1is (group III) in the presence of NRS or IRSTS. Phagocytosis was
enhanced to some extent in these two groups by the, addition of thelhomo- :
logous antiserum against the trypanosomes. Splenic macrophages from rats
immunized intravenously with BCG (group 1V) were hiéhly aétivated and the
PI for these celis was considerably higher with all four sera tested when
compared.with cells from contro]s (group I) or frdm rats infected with T.
spiralis (group I11). Thephagocytic: activity of cells in group IV also
compared quite favorably with the homologous combinat1on of cells derived -

\ from rats infected with T. lewisi (gnoup 1I) and rat anti-T. lewisi immune



208

- B TR ST

L TURELIRE S K S e s e B e R e s Es e al saae
At .;&Mz_g T A RGN TR SRR ARSI R i W Y B A e

X

TABLE 9.3

THE PHAGOCYTIC ACTIVITY* OF SPLENIC MACROPHAGES
FROM RATS INFECTED WITH I. SPIRALIS, I. LEWJSI,
g“ OR BCG ON I. LEWISI IN VITRO
\){ i

SOURCE __SOURCE OF SPLENIC MACROPHAGES™*
AOF GROUP ]  GROUP II  GROUP 111  GROUP IV
SERuM***  CONTROL  T. LEWISI T. SPIRALIS  BCG

MRS . 1.7 #1.2 20:342.9  33:L5 19,3 43,5

IRSTL - 7.7 1.8 32.7 £2.9 10,3 +1.5.  35.0 3.2 \

HRSTL 12,7 423 37.343.5 15323  36.0 #3.2
IRSTS 2.7 412 183423 47 £23' 17.3 1.9

* MEAN PHAGOCYTIC INDEX (PI) FOR CELLS FROM 3 RATS, iSg .
** SEE TEXT - 7) \EXPERIMENTAL PROTOCOL
#** SEE TEXT - 2) COLLECTION OF IMMUNE SERA .
. NRS = NORMAL RAT SERUM :
~ IRSTL = IMMuNE RAT SERuM - I, LEWISI e
- HRSTL = HYPERIMMUNE RAT SERUM - I. LEWISI
IRSTS = 'IMMUNE RAT SERUM - I. SPIRALIS
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. or hyperimmune sera. l M

L y These results suggest that 1mmun1zat10n with BCG by the intra-

; \venous route prgduced considerable actlvation of splenic macrophages which
was reflected ig_xj;gg.by an enhanced capaciiy to phagocytize trypanosomes
in the presence og normal, or homo]ogohs or heterologous immune rat sera.
This macrophagefactivity was comparativewith that exhibited jh”gigrg_by
spleen cel]é from rats previously infect:L withil. lggj§i_fbr 7 days.

Splenitc macrophages from rats infected with T. spiralis, however, did not
o exhibit enhanced in vitro phagocytic activity towards T. Jewisi, although -
- the phagocytic ?ndice; for cells from this sourse were slight]y higher
than control values.with all four sera tested. Therefore, previous infec-
tion w&th T. spiralis did not appear to potentiate the jg_gj;rg phagocytic

activity of splenic macrophages in this system.

DISCUSS 10N

: Until recently, research concerning the 1mmuno]ogiéa1 resporisive-
ness of the rat to T. lewisi has failed to provide positive evidence for a
role of cell-mediated immunity in controlling infections with this parasite,

other than'a subsidiary function for phagocytosis in clearing lysed or

e v e T

agglutinated parasites from the circulation (Taliaferro 1924, 1929, 1932,
1938). Laveran and Mesnil {1901) were the first to consider t@e possibility
that phagocyté%is played an éctivé role in T. 1ggj§j_infe9tions after they
observed phagocytosis in the peritoneal cavity of actively an§ passively
immuqized”rats. Delanoe (1911, 1912) and Roudsky (1911) caﬁe to similar
conclusions when they observed a phagocytic response in the peri?pﬁeal
cavities of mice inoculated with T. lewisi. However, thesg:authgrs viere

. probably studying natural immunity, since.the mouse is normally refractory

D




to this trypangsome infection. Delanoe (1912) obtained similar results,
however, using a susceptible strain of mice tha; develoPed an acquired |
ﬁmmunityf Brown (1915) considered phagocytosis an essential mechansim in
re]iéving the host of infectionrwith this parasife after observing agglu-
tination and phagocytosis during tAe course of infection in rats, and
Augustine (1943) made similar observations in immune rats reinfected with
large numbers of trypanosomes. These results were refuted by other workers
(MacNeal 1904; Manteufel 1909; Ta]iaferro 1924, 1932, 1938) %ho ;:;essed

\ the importance of humoral antibodies in parasite destruction.

There is little doubt today that specific humoral antibodies
play a primary role in trypanocidal activity, espec{ally iﬁ view of the
fact th%t tfypanosomes may require sensitization (opsonization) with spe-
cific immunoglabulin before a stimutation of m&hrOphage activity dr other

cell-mediated response can occur. The results of the present study would

- tend to confirm this view, since phagocytosis in vitro did not occur ap-

preciably when trypanosomes and peritoneal or sp]enié macrophages were
. A n .
incubated in the presence of normal rat serum or heterologous immune serum

from rats rats infected.with T. spiralis. Lange and Lysenko (1960) reported

that immune serum enhanced’the phago;ytosis of T. lewisi Jn vitro by peri-

toneé] exudate“cells,'and that immune®serum adsorbed with trypanosomes no

longer enhanced this activity. The ability of immune serum to enhance phago-

cytosis in vitro was confirmed by Patton (1972) and is consistent with the
results of the present study. l
Patton (1965, 1972) has investigated the 1hteract%ons between

sera and peritoneal exudate cells on T. lewisi in vivo and found that rats

immunosuppressed with dexameéhasone could only be protected against T. lewisi

infections 'if treated with both hyperimmune serum and normal or hyperimmune

&
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peritonéal exudate cells. Trypanosomes given i.p. in this case were detained

in the peritoneal cavity, agglutinated, lysed and phagocytized. Patton

(1972) also observed phagocytosis of T. lewjsi in vitro in the presence

of normal or immune sera plus normdl ‘or immune peritoneal exudate cells,
but a quantitative index of phagocytic activity was not provided in these
studies.

Greenb]gtt and Tyroler (1971), Greenblatt et al. (1972), and

Greenblatt (1573) have extensively studied the role of the spleen and
<

splenic macrophages in immunity to I. lewisi. The spleen of the rat occu-
pies a central role in the development of acquired immunity to T. lewisi
and it is expected that individual reticular m;crophageé should express

this activity (Perla and Marmorston-Gottesman 1930; Taliaferro 1929).
Greenblatt and Tyroler+(1971) have shown that T. lewisi infections produce
a marked increase in the percentage of activated macrophages in the spleens
of infected animals which peaks at approximately seven da&s after infection.
These cells were also highly activé jgigj;rg_in phagocyﬁizing trypanosomes,
a result which is confirmed by the present stﬁdy. Greenblatt et al. (1972)
showed that immune spleen cells (taken frpm infected rats 12-39 days after
infection) were capable of transferring iﬁﬁunity, and electron micrascope
studies have demonstrated the presence of T. lewisi in reticular cells
(macrophages) in close assoc{ation with plasma cells in thé spleens of in-
fected rats (Greenb1att 1973). Although the trypanoc1da] mechanism may R }
pr1nc1pa11y involve lysis and agglutination, it is obvious from studies

such as those citeq above, that sp1enic macrophages may play an important

folelin both the processing of pa;asite antigens, and in the eventual re-

moval af parasites from the circulation.

In view of the fact that non-specifically activated peritoné%]
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b or sp]enicymacrophages have been continu;}ly alluded. to as effector cells (
) ‘ in 1mmunopotent1at1on during Tr1ch1ne1]os1s (Cypess et al. 1974; Lubiniecki
| \\\V ‘ -and Cypess 1975; Meerovitch and Ackerman 1974 Meerovitch and Bomford 1977),
) | it was of interest to explore the potential of this cell type for phago-
cytic activity towards T. lewisi. The resdits presented in Chapter VIII
of this thesis had suggedted that an approprlate stimulation of non-specific
cell med1ated 1mmun1ty or RES activity by BCG could effectively 1nh1b1t
the deve]opmegt of T. lewisi parasitemias in immunized rats. The apparent
similarities setween the effécts of T. §Qiralis infections (Chapter V and
. < Vi), BCG immunizations (Chapter VIII), or pre-treatment with E. colAiwac-

5 ) ' terial epdotdxin (Styles 1965) or the toxin holothurin (Sty]es?1970) on |

T. lewisi infections in the rat, suggegté\the possibility that a common
mechanism of resistance may under]ie the activity of these different qgents; ,g%
9 The;eforé, the purpose of the present étuqy was to compare the(;ﬂ_!jiﬁg ’
O phagocytic activity of splenic or peritoneal macrophages from rats infecfed

a Bt a e T a
- ity The
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3‘%};’\‘ 4

G
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; . with.T. spiralis or immunized with BCG, towards T. lewisi, with that of

\.,
j!ug e

Jexy

o 2

. macrophages from norqg% rats or rats infected with T. lewisi.

’ The results of this study indicate that splenic or peritoneal

it

macrophages frém rats immunized with BCG are highly activated and can

N,
S

had
s i rrtd e
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phagocytiZeltrypahbsomes jg.yigrg in the presence of normal, or homologous
2 _ or heterologous immune serum. The activity of these cells was equiva]entv
L to that exhibited by splenic or peritoneal macrophages fronlrafs infected l
? days previous]y'with T. 1gyj§i, and was considerab]y'enhanced by the ad-
dition of immune or‘hyperihmune serum specific for the. parasites. In con-
" trast, the phagocyt1c attivity of macrophages from T. spiralis-infected
rats (ce]]s coTﬂected 28 days after the nematode 1nfect1on during the per1od

I

’ : of maximum 1nmunopotent1at1o,n towards T. lewisi and enhanced RES activi ty

Pl
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(éee Chapter V)) was not enhanced over that of cells from the uninfected
control animals. These results suggest that 1mmunopotent1ation and macro-
phage act1vatioﬁ‘dur1ng Tr1ch1ne11os1s (Meerovitch and Ackerman 1974 |
3 | Meerovitch and Bomford 5977 Lub1n1eck1 and Cypess 1975) was not reflected
> in this in vitro System by a potentiation of splenic or peritoneal macro-
phage phaggcytic activity towards T. lewisi. Therefore, while the immuno-

potentiation by BGG jg_@ﬁvo (Chapter VIII) correlates well with thé enhanced

\
ability of BCG-activated macrophages to phagocytize T. lewisi in vitro,'the

potentiation of the host response to T. lewisi during Trichinell (Chap-

ter V), was not reflected in vitro by enhanced phagocytic activity of
splen1c or per1tonea1 macrophages.
. These differences are difficult to oncile, but previous workers

in vivo func-

% have also demonstrated a dighétomy between the in
|

tibning of non-specifically activated macrophages (Hoff 1975; Kress et al.

1975; Swartzberg et al. 1975). A]though T. spiralis has been shown to poten-
tiate cel]-med%ated }mmunity'to\BCG (Cypesg et al. 1974), it is a]go'quite

1 posgible that T. spiralis and BCG may stimulate different elements of the
RES,| such that phagocytosis of trypanosomes in‘I, §Eira1is—infected rats

may occur more readily in the fixed cells 1ining the sinusoids of the 1iver,
or other macrophage elements of the reticuloendothelial system not examined.
3 - & "in this study. Indeed, Taylor and Becker (1948) have found that phagocytosis
ﬂ of T.|lewisi can also occur in the Kupffer cells of the liver during infec-
y tions|in pantothenate-deficient rats. T;e cérré]ation between enhanced RES
granulopectic ac%ivity and immunopotentiation toward§ T. lewisi during

Trichipellosis reported in Chapter V, Tends credence to this argument, since

':' act1v1 y of the RES (Biozzi et al. 1953).
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» the liver is generally responsible for the greater part of the granulopect1c'
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‘ The only other in vitro study to date, dealirigﬂ,th this aspect
w - !
of immunopotentiation in Trichinellosis, is that of Meerovitch and-Bomford

(1977). These authors have reported that peritoneal macrophages from mice

infected with T. spiralis are highly activated and can inhibit DNA syn-

t

thesis of syngeneic mouse Rl Leukemia cells in vitro. These cytostatic »

effects were comparable to those obtained in the same experimental sys-

~
tem using macrophages from mice injected'wjth Corynebacterium parvum

e T, S AR e T A B e

(Olivotto and Bomford 1974). The apparent differences in the in vitro ac-

> %
tivity of rat peri%onea1 macrophages in the present-study and mouse peri- @

ér toneal macrophages in the study of Meerovitch and Bomford, may be due to - %
g' host differences and level of jnfection (rats in the present study @ere (%
% inoculated with a dose of 100 muscle 1arvae1whereas Meerovitch and Bomford :g
. " used doses of approximately.500 and 1000 larvae per ﬁouse),’or basic func- E%
) 3

o ow

-

tional differences between the in vitro phagocytosis of opsonized cells

T

Piirs

3%

(trypanosomes) and the inhibition of cell growth by non-specifically acti-

. vated macrophages. ¢ : . N



CHAPTER X

\

GENERAL DISCUSSION AND SUMMARY

/ " The immunology of parasitism offers numerous opportunities

for the elucidation of fundamental immunological mechanisms. However,
new concepts in immundﬁogy have emerged less rapidly in relation to the
immunology of parasitism because of the dﬁffiéu]ties involved in intro-
ducing sound experimeﬁta] manipu]aéions into complex host-parasite systems.
The paucity of good expergmental mode]s'in parasitology has also weak-
éned the.cahclusfvgness of many existing exﬁ;rimental fjndings. Many
characteristics of hosf;parasite relationships at an immuno]o;ical level
remain poorly uﬁderstood. The naturg and effectiveness of th efferent arc
of the immune ;;sponse have not been precisely correlated with the speci;
fic modes of antigenic stimulation in parasitic infections. An' understand-
ing'of the origin and nature of funFtional parasite awtigens is lacking;
their significance in inducing-altered states of immunological responsive-

; ness durir{g interspecific or jntraspecific competition between‘arasites,
has not been adequately determined. r

\ - The literature in experémental paragitoTogy‘is,replete ;ith
examplés of competitive, interspec%fic host-parasite interactions during
concomitant infections (reviewed in chapter I). Tﬁé immunobiology of the
host-parasite relationship is‘high]y complex, and for most if not all
host-parasite interactions, further complexities are introduced. by the

presence of multiple (parasite) species infections. It is generally recog-

|
nized as the rule, rather than the exception, that in its natural environ-

ment, the host éupporfs infections by more than one parasite speciegi It*/'

\
. 1s only recently, however, “that immunoparasitologists have become inter-

A
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.« immunity in concomitant parasitic infections is becoming more and more evi-

' ) : 216
.o *

ested in the influence of parasitism on hos:;%mmuno]ogical responsive-

ness towards secondary infections by antigenically or phylogenetically

unrelated organisms. Indeed, a detailed knowledge of parésite—mix, and

the effect of- paras1t1c infection on the immune status of the host, is

( \ e
essent1al to a comprehens1ve understanding of the phenomenon of paras1tism

and evolutionary concepts of adaptat1on and counteradaptation by paras1tes
and hosts. i \

Many oE,}he aspects of the 1mmunobiology of single_species in-
fect1ons are still not clearly delineated, but’ the use of experimental
concom1tant infections hasgga1ned acceptance as a tool for basic research
in the immunology of parasitism. Studies on concomi?ant infections with
he]minths or helminths and a variety of phy]ogenetiqal]y unrelated intra-
cellular on extracellular protozoa have indjcaéed that a stimulqtion of
non—spec?fip immune mechanismf may be of imporéance in the_immuno]ogical

control of parasitic infections in génera]. Studies of this type have been

\mostly phenomenological to date, but the value of non-specific cell-mediated

dent. With respect to our knowledge of the immunology of parasitism, it
is of primary importance that we do not indiscrszn;;ely group all forms

of acqg;féd resistance to infection under .a general heading of immunity,.

“’\H““”"““‘““““u’“bUfﬁ/iy to determiné whether immunity is of specific or non-specific or1g1n

M R AR .

Both types of immunity may provide on]y partial resistance to infection,
{
and while their kinetics and mechanisms may be different, their effects

may be additive.

w0 " ‘ )
;ﬁ the present study, an attempt was made to gain some jnsf@ht ‘

into the basic immunological relationships and specificities of altered ///ﬁ

immunological responsiveness during experimental Trichinellosis in the rat
. -
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model. In 1974, this, author reported on a pre]1m1nary experiment that

demonstrated that rats infected with T. p1ra11 s for thirty days were
partially protected against a challenge infection with T. Jewisi. Cross-
protection was manifested by a-significant inhibition of the deve1opment

of trypanosome parasitemia in concomitantly infected rats (Meerov1tch and
Ackerman 1974). Since T. lgéj§j_1s a non-pathogenic trypanosome of the rat,
and the infection is mediated by a well-characterized humoral ant1body re-
sponse (reviewed in chapter II), it was felt that a model system using
concomitant 1nfect10ns with these two paras1tes‘wou1d be advantageous in
investigating the aitered states of, immunological responsiveeess (immup0n
éuppression and immunopotentiation) in Trichinellosiswas\theylre1ate to

the nematode life’cyc]e and course of infection, and tﬁe mechaniipt ievdlved
in these host-parasite interactions.

As was noted earlier in chapters II and V, altered immunological

responsiveness in experimental Trichinellosis is well documented. Numerous
investigators have supplied evtdence that T. spiralis can produce immuno-
logical unrespensi\eness to heterologous antigens, allografts, and virus
infections ih‘mice?and rats. In contrast to these immunosuppressive effects,
T. spiralis can also inddace a state of enhanced resistance to heterologous
bacteria, protozoa, and tumors (see Table 2.13. The Hechanisms by which
this ne@atode generates immenosuppression or immunopotentiation are Qot’
entire]y clear. Lubiniecki and Cypess (1975) have provided evidence that
immunoeuppression is the result of sequential antigenic competition as.pro-
posed By Pross and E1d1nger (1974). Others have suggeeted that 1mmunosup- &

pression may be due to the presence of agg]ut1nat1ng and 1eucotox1c factors

in the serum of infected animals (Faubert and Tanner 1974, 1975); the secre-

tion of,immunosuppkessive substances by the newborn larval stages of ;;

. ” A\
.
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spiralis (Faubert 19765 Ackerman and Faubert 1977); the reduction or de-

pletion of thymus-derived, antigen-reactive, T-cell\populations in infec-
ted hosts (Faubert and Tanner 1974 LJungstrom 1976), or by the st1mu1ation
of suppressor T-cell activity in the spleens of infected an1mals (Jones et.
al. 1?75). In view of the considerable immunosuppressive activity of T.
spi}alis infections on humoral responsés, Cypess et al. (1974) and
Meerovitch and Aekerman (1974) suggested that immunopotentiatien is most
probably a reflection of enhanced'non~specific RESIaetivity,\or ﬁon-speci~
ﬁic ceil-medid%ed immunity. ¥
" The occurrence of both immunosuppression and immunopotentiation

in Trichinellosis appears contradictory. However,\the results.presente¢

in this thesis indicate that these phenomena are not mutually exclusive

nor are ihey necessarily expressed against all heterologous antigens or
orgaﬁisms. A suppression\of acquired humoral immunity to T. lewisi was
\

never found to occur during T. spiralis infections in any of the experiments

reported in chapters V-VII. The expression of immuno- potentiation or sup-

5 Lo .

Session in Trichinellosis is a function of the type of antigen employed

‘and the route of administration-(ghapter V; Barriga 1975; Lubiniecki and
"Cypess 1975),. the intensity of infection (dose or level of muscle parasitism)

* (Chapter V),»and‘most importantly, a function of the timing of the various

P

modes of antigenic stimulation by parenteral, yewborn larval stages and

encysted intracellular muscle stages of the parasite’'s 1ife cycle in the

t host {Chapter VII; Fatbert 1976; Ackerman and!Faubert 1977). . -

~ 'In any experimental pode] that deals with concomitant parasitic
Y : .
infections, there exists the possibility that competitive interspecific

interactions may be assoc1ated with antigenic re]at1onsh1ps between para-

sites and the synth@s1s of homo]ogous Ccross- reactvng ant1bod1es by the

*
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. .
host. In parasitic diseases where specific immunoglobulin plays an essen-

tial role in acquired resistance to“infection ( as is the case for I,\
lewisi), this type of 1nteraction may oe of paramount importance in the
host response to intercurrent infections with antigenicd]ly re]oted organ;
isms. However, in infections ‘were specific ant1bod1es are not a factor in '
acquired immunity,, antigenic cross-reactions may be of Tittle consequence,
especially where cross-reqc}jngu%ntigens prove to be of a non-functional
nature. \

~In order to, ﬁfE\Qyt this possioility in the present stody, a
comparative immunochemical anddy'is of parasite antigens was performed
using both natural ?ntisera produ ed during the course of T lewisi and
T. spiralis infections in the rat, and heterologous ant1sera produced in
rabb1ts against antigen extratts of either parasite. Immunoelectrophoret1c

ana]yses presented in chapter V failed to reveal the presence of antjgenic

cross- react1v1ty, and it was concluded that immunopotentiation was ‘not re-

\1atbd to the presence of common ant1gen1c detenm1nants in these parasites.

However, these results did not rule out the possibility tth‘l. spiralis

' might stimulate the normal humoral responsiveness (ablastic or trypano-

cidal) of the host to T. 1gyj§j_either by enhancing antibody production
(adjuvont effects) or by accelerating the initial processing of'parasité
immunogens.‘The study presented in chapter VI of this dissertation ruled -
out this possibility by demonstrating that infections with I. spiralis do
not enhanceior suppress the ablastic or trypanocidal ancibody responsee of‘
the rat to T. lewisi at any time during the course of the trypanosome in-
fection. Therfore, the infjibited development of trypanosome parasitemias

in this experimental model is not related to either antigenic cross-reacti-

vity, or a potentiation qf humoral responsiveness to trypanosome antigens.
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Faubert (1973) anJ Fauéert ;od,Tanner (1975) have reported the
presence of leucoagglutinating aod 1eocofoxic factors in the serum of in-
fected mice, rafs and rabbits infected with T. Qiralis, which can agglu-
tinate and 1yse homologous 1ymph node cells in vitro. These factors appeared
in the sera of 1nfected m1ce on the 7th day following the 1no¢u1atfon of
the parasite and titers rose-to a maximum by the 30th day of the infection.
The possible presence af heteroph1]e agglutinins or lysins (capab]e of ag-
g]utinating or lysing trypanosomes) in the serum of infected réts was in-
vestigated .in chapter V. Sera from rats 1nfected w1th 100 or 1500 larvae
of T. Qwra]1s[?or 7, 14, 28, or 56 days were titrated in vitro for lytic
or agg]utwnatlng activity towards reproducing stage (1st antigenlc variant)
or non- d1v1d1ng, inhibited adu]t stage (2nd ant1gen1c variant) trypanosomes.
Agglutinins or 1ys1ns were not observed in the sera of infected rats, there-"
by rulfng out lysis or agg1utination as a possible mechanism of immundpoten-

tiation during concomitant infections o; T. spiralis and T. lewisi.

- The'étudy oﬁ the kinetics of:immunopotentiation"and immonosup~
pression in chapter V demonstrates the transient nature of these phenomena
in the rat ﬁost, and indicates that fhey are a functﬁoo of the nematodé
dose or level of musc]e parasitism, a relationship that has not been pre-
viously reported in the literature. In addition, these altered states of

L J

1mmuno1og1ca1 respons1veness appear to be related to the tim1ng of antigenic

stimulation by part1cu]of developmenta] stages of the parasite's life cycle

in the host. The trans1ent nature' of immunopotentiation and immunosuppres-
sion in Trichiﬁe]]osis ha§ been reported previousiy in tbo mouse model
(Cypess g;_gl,19732 1974; Lubiniecki et al. 1974; Lubiniecki and Cypess
1975; Vernes et al. 1975; reviewed in chapter II) and Faubert (1976) ha’s

A

indicated that depressed immunological responsiveness to SRBC is correlated
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“with the peak ﬁigrdtion of the newborn larval stage of T. spiralis to the
muscle tissues of the host. | -

PreQious studies on immunopotentiation inyTrichinel]bsis have
not investigatgd nor imp]icated a role for specifizudevelopmeq;av stages
. of the parasite's life cyc]e’or parasite antigens {n the induction of this
phenomenon. Thé experimental‘yesults presented in chapter VII gf this tﬁesis
indicate for the first time,‘that immdnopotentiation can be induced by the
intravenous inoculation quiiving'newborn larvae, which produces only 3
pérentéra] infection in the hoét. The intravenous injection of non-viable
neyborn larvae does nop significantly alter trypgnosome parasitemias, indi-
cating a requjrement of either 1iving migratory or encystep in;race]]u]ar
muscle stages for immunopotentiation to occur. Drug-abbreviated enteral
infections, exposing -the host to only the molting muscle larvae and sexually
mature adﬁ]ts, are not sufficient to induce immunohdtentiation; q‘result
which suggests that larviposition may also be required for a stimulation
of the host response to T. lewisi. This may be especially true in view of
the fact that 1mmunopotent1at10n was shown to occur in rats cha11enged with
" T. 1ew1s1 at 7 days after the nematode infection, during the peak period |
of Tarviposition in the host (chapter V)

Recent research by Faubert (1976) and Ackerman and Faubert (1977)
has }ndicated that the newborn larval stage of T> spiralis can’function
in vitro and vivo to suppress the induction of a humora] response to
the heterologous antigen, SRBC, and that this may occur by the active se-

cretion of an ipmunosﬁbpressive factor by the parasi;e. The ability of an

intravenous injection of 1iving newborn larvae to produce both immunosuppres-

. . . S P :
sion in the mouse and immunopotewtiation in the rat appears somewhat para-

doxical. However, an important difference between the study presented in
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chapter VII and the study of Ackerman and Faubert (1977), resides in the

time period between the inoculation of the newborn larvae and the challenge
with hétero]ogoué antigen or paraéite: Ackerman and Faubeft challenged
mice with SRBC dn]y/four days after injection of the parasite, whereas
in the preseﬁt study, 21 days were allowed for the newborn Tarvae to com-
plete their migration and to encyst intracellularly in the muscle céils,
before rats were challenged with trypanosomes. In terms of the naturay
course of phe nematode infecfion, the former case corresponds to approxil
mately 14 days after infection (period of mﬁiimum immunosuppression (Faubert
1976; experiment VII, chapter V)), whereas the latter ca§e corresponds to
approximately 280days after the helminthic infection (a period of maxjmum
immunopotentiation tdwards‘]} lgyj§j_(ch;pter'V-VII)). Therefore, if the
newborn larvae of T. spiralis are capable of secreting immunosuppressive
factors during migration to muscle tissues (Faubert 1976), then it would
appear_from the results of the present'study, that these factors cease to
be produced, or are no 1ongerlsecreted once 1arv§1 deve]opmept progresses
to the intracellular stage of the infection. These results, however, will
require further clarification. « | ’
' The isolation, purification, and identification of the potent
immunosuppressive factors secreted by the newborn larvae and present in
soluble extracts o% T. spiralis encysted muscle stage larvae (Barriga 1975;
Faubert and Tanner 1974, i975; Experiment II, chapter VII) sh9u]d aid in
our understanding .of why infections with this nematode are capable of both
a suppressiqn of specific cellular and humoral immune responsiygness, as
well as a potentiation of non-specific cell-mediated immunity to heterolo-
gous antigens; organisms, and néoplastic cells.

An important but unresolved question in this dissertation regards
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.
the mechanism of immunopotentiation towards T. 1ggi§i. It was suggested

in chapter V tﬁat immunopotentiation in this model nﬁéht be due to an

expanded fixed-maé}ophage phagocytic system in the RES, resulting in

enhanced removal of tnypanosbmes from the blood stream+of the r;f. The o
functioﬁal status of the RES was assessed during Trichinellosis in order

to evalﬁate this possibility, and a canincing corre]étion‘was shown to

exist between enhanced RES granulopectic aSFivity (as'ref]ectgd by the

- intravascular clearance of colloidal caqun)Hand immunopotentiation, both

of which occurred primarily with a Tow inoculating dose of 100 larvae at
7 and'28udays after the nematode infection, but not with a Higher inocu-
lating dose of 1500 larvae (Table 5.2, chapter V). Other workers have de-
scribed a lack of correlation bétween enhanced RES activity and increased
resistance to intracellulaf parasitism, and definitive evidence for a ¥01e
for the RES in controlling infections Qith‘this parasite has not been pre-
sented in the past (see chapter II for review). The results presented in
this thesis, however, lead this author to believe that an appropriate stimu-
]atibnlof RES activity and/or non-specific ce]]—medii%éd‘imwunity may result
in enharced re;istance to T. lewisi. This may be especia]ly'true in view of
the fact that intravenous immunization with BCG (chapter VIII) and a number
of other diverse agents known to non-specifically stimulate RES activity
and cell-mediated immunity\have also been sﬁown to inhibit the development
of T. lgﬁiii parasitemias, while the acquired hﬁmoral re;ponse of the rat
remained unaffected (Styles 1965, 1970; Tate 1951).

- The sim%laritigs between the effectS‘df.I. spiralis infections-
(chapters V-VII) and BCG immunization (chébter VIII) in the present study
and that of bacterial endotoxin or the toxin holothurin (Styles 1965, 1970)

on the response of the rat to T. lewisi, suggests that a common mechanism




of resistance ,pderlies immunostiTulation by all these different bioxogica]
/ agents.

A common feature of the immunological response to most inﬁré;
cellular parasites is the non-specific enhancement of anti-microbial ac-
tivity of host macrophages (Mackaness 1964.f1976; Frenkel 1967). The role
of the ‘activated macrophage in this type of non-specific cell-mediated
immunity has been investigated in great detail and it has been clearly
established that acquired cellular resistance requires a two-step procegs
in which immune T-cells, in the pregence of specific antigens, can elabor-

/ate humoral factors (lymphokines) that activate macrophages. A consequence
/ of these specific interactions. is that specifically activated macrophages
are no%-specifical]y active against a wide-array of iﬁtracellular and
probably extracellular parasites and neoplastic cells {(Mackaness 1969).
Hosts in which a population of these acti;ated macrophages‘exists become -
A \ capable of suppressing ?nfectiops by heterologous organisms and the aevelop—
ment of spontaneous or experimental neoplasms.
\.\hn important factor that is evident in the studies reviewed in
chapter IV, is that infectious agents that producg sustained and chronic
' _ tissue phases of infection can confer the most pronounced degree of non-

specific immunity to-heterologous challenge organisms (Ruskin et al. 1969).

b Trichinella spiralis may fulfil this requirement since it has been shown

to produce a sustained and chronic intracellular infection in host muscle
£ . o

cells (see chapter 1I). The. newborn Tarvae of‘l&\égira1is are capabie of. N
penetrating and infecting)strfaied skeletal muscle cells of most species | . ;
(Gould 1970). After penetration by the larvae, the infected muscle cells
nndu]ate to become functionally distinct units which are termed Nurse .

. ! . :
cells({Purkerson and Despommier 1974)!and the larvae of T. spiralis survive -
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in the Nurse cells as chronic intracellular parasites (Ribas-Mujal and '
Rivera-Pomar 1968; Despommier 1976). The intracellular persistence of

T. spiralis may produce a long-lived antigenic stimulation of host lym- .
phoid cells and activafed macrophages. The continuous presence of a popu- .
lation of thése activated cells during Trichinellosis might account for

the remarkable non-specific resistance of nematode-infeetedlhosts to

a widefvariety of intracellular and extracellular invaders (such as

Listeria monocytogenes and T. lewisi respectively) and to the deyeldpment

of spontaneous or experimental neoplasms.

Although this dissertation has not provided direct evidence

R

4 o o

. for the role of the activated macrophage\as the effector cell in immuno-

-

potentiation towards T. lewisi, it is the considered opinion of this author

= P

: that further research will serve to clarify the importance of this cell
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type in immunopotentiation during Trichinellosis.

r

,”—,,_
L]
Gt e £

- vy

o
4
I
7
£ e IR B 3 L

kG L TSRS
RITEER g R
.

oy DR R L VT T PR Y £ Ce Rt ) ) —w .



B ‘_ 226

REFERENCES
“~

A%’p] -Wahab, M.F., Powers, K.G., Mahmoud, S.S., and Good, W.C. (1974). e
\ ' Suppress1on of. schistosomé granuloma formation by malaria in

. mice. Amer. J. Trop. Med. Hyg. 23(5):915-918.
Aékerman, S.Jd. and Faubert, G6.M. (1977). Suppression of the PFC response

to SRBC in the mouse by thé newborn larvae of Trichinella spiralis.
L%

i

Ménuscript in Preparation. \
Ackerman, S.J. and Meerovitch, E. (1975). Development of cross-protection
against Trypanosoma, lewisi in rats infected with Trichinella
spiralis. In: Program and Abstracts, 50th Annual Meeting, ASP
New Orleans, Louisiana #158.
Adler, S. (1954). Behavior of Plasmodium berghei in the golden hamster R
Mesocricetus auratus infected with visceral leishmaniasis. O
¢ Trans. Roy. Soc. Trop. Med. Hyg. 48:431-440. ’ E
. o Anderson, R.I. (1960). Serologic diagnosis of Schistosoma mansoni infec- 3
& K o tions. I. Development of a cercarial antigen slide f]occulat1on o
e , test. | Amer. ). Trop. Med. Hyg. 9:299-303. "
: Ashley, W. Jdr. (1962). The effect of a concurrent infection wi;h Trypanosoma
gw lewisi on the development and maintenance of acquired immunity )
5 to Nippostrongylus brasiliensis 1n rats. Proc. H%1ml Soc.. Wash.
: | / 29:59-62. . ' T
Augustine, D.L. (1941). Behavior of Trypanosoma lewisi during the early
stage of the incubation'per$bd 4dn the rat. J. Inf. Dis. 69:208-214.
Augustine, D.L. (1943). Some factors in the defense mechanism again§t
/reinfection.with “Trypanosoma lewisi. Proc. Amer- Acad. Arts Sci.
75:85-93. - . ”7 \
Axelrad, M.A. .(1968). * Suppression of deTayed hypersensitivity by antigen
S and antibody. Immunology 15:159-171.
Afelsen N.H., Kroll, J. and Weeke, B. (1973). A manual of quantitative
1mmunoe1ectrophores1s Methods and appllcatlons Scand. J. Immuno].
vol. 2(Supl 1) Un1versutetsfor1aget, Oslo )
Barker, L.R. (1971). Experimenta] malaria: Effects upon the 1mmune response‘
X to different antigens. J. Inf. Dis. 123:99-106.
Barker, L.R. and Powers, K.G. ‘J971) ‘Inmunosuppress1on 1n rodent maTar1a
Effect upon recovery and antibody response Amer J. Trop .Med. Hyg.,
20: 389 393 J




P

.

- o
.

-Biozzi, G.

E
»

Barriga, 0.0. (1975). Selective immunodepression in mice by Trichinella

Bartlett,

éarﬂett,

Bartlett,

Biozzi, G.

Biozzi, G.

Blanden, R.V. (1969).

4

Bloch, K.

spiralis extracts and infections. Cellular Immunology 17(1):306-
309. ‘

G.L., Purnell, D.M., and Kreider, J.W. (1975). BCG inhibition
of murine leukemia: Local suppression and systemic tumor immunity
require dlfferent doses. Science 190:299- 301

G.L. and Zbar, B. (1972). Tumor—spec1f1c vaccine containing
Mycobacterium bovis and tumor cells: Saftey and Efficacy.

J. Natl. Cancer Inst. 48:1709-1762. |

G.L., Zbar, B., and Rapp, H.J. (1972).- Suppression of murine
tumor growth by immune reactions to the Bacillus Calmette-Guérin
strain of Mycobacterium bovis. J. Natl. Cancer Inst. 48:245-257.
» Benacerraf, . B., and H#1pern, B.N. (1953). Quantitative study
of the granulopectic activity of the reticulo-endothelial system.
II: A study of the kinetics of the granulopectic activity of the
RES in relation to the dose of carbon injected. Relationship be-
tween the weight of the organs and their activity. Brit. J. Exp.
Path. 34:441-457. ’

, Halpern, B.N., Benacerraf, B., and Stiffel, C.- (1975). In:
Physiopathology of the reticuloendothelial system (A symposium).
Blackwell Scientific Publ., Oxford. p. 204

de.1'immunité non spécifique produite par les Mycobactérie;l
Rev. Fr. Etude Clin. Bipl. 5:876-890.

sion during graft vs. host reactions in mice. Transplantation
7:484-497. = )

¢ ol
J., Ohman,J.L., Waltin, J. and Cygan, R.W. (1973). Potentiated™ -

reagin response: initiation with minute doses of antjgen and

" alum fol]ow1ng infection with N1ppostrongy1us bras1ﬂ1ens1s 0

J. Immunol. 110:197-204.

Bluming; A.Z., Vogel, C.L., Z1eg]er, J.L., Mody, N. and Kamaya, G. (1972).

BOhme’

Immuno]og1ca1 effects of BCG on malignant melanoma: two modes
of adm1n1strat10n compared. Ann.,intern. Med. 76: 405 411.

H. (1960). The ret1culoendothe11a1 system and non—spec1f1c

'resistapce Ann. N.Y. Acad. Sci. 88(1) 172- 183

*

s Stiffe], C., and Mouton, D. (1960). Recherches sur le m&canisme

Increased antibacterial resistance and immunosuppres-

P Y- 1'x. % = g+ 5y - I W

FPTTAMAIS I Ty




R

/
SR 1l

SR

228

Brener, Z. and Cardoso, J.E. (1976). Non-specific resisfﬁnce against

R

' Trypanosoma cruzi enhanced by Corynebacterium parVum. A research .
note. J. Parasit. 62(4):645-646. ;
g;,j . Brewer, 0.M. (1955). A study of the,gffects of Salmonella typhimurium on y

the acquired resistance of mice ot Trichinella spiralis.
J. Elish. Mitch. Sci. Soc. 71:170-171. |
Brown, K.N. (1976). Immunity to parasites. Nature 259:525-526. -
Brown, W.H. (1915). gonperning changes in the biological properties of
Trypanosoma lewisi produced by experimental means, with especial
. reference ot virulence. J. Exp. Med. 21:345-364.
Bruce, R.G.. and Phii]ips, R.S. (1974). The effect of concurrent malaria
and trypanosome infections on immunity to Trichinella spiralis
in mice. 3rd-Int. Cong. Parasit, Municﬁ, Abstracts Sect. D8, p. 1188.
Bﬁng?ner, W. (1975). Course oF Trypanosoma musculi infections in PiQ§modium
, berghei-infected mice. Tropenmed. Parasit. 26:285-290.
Cambell, W.C., Malanga, C.M., and‘Conro&, J.A. (1976). Trypanosomiasis B
cruzi in mice with trichinosis. Trans. Roy. Soc. Trop. Med. Hyg. *
70(2):163. _ ~ AN :
Capron, A., Camus, D.,/Dessaipt; J.P., and Le Boubennec-Fischer, E. (1976).
Alterations de 15 reponse immune au cours des infections parasi-
ta%res. In Press: Ann. Immuno1ogie
Capron, A., Wattré, P., Capron, M., and Lefebre,"M.N. (1972). Influence
du parasitisme & Dipetalonema vitae et & Schistosoma mansoni
* sur 1a croissance de tumeurs experimentales. 'C.R. Hebd. Seances
" Acad. Sci. Ser. D. Sci. Nat. (Paris) 275:719-722. . - =
Cassimos, C., Lazanakis, S. and Thomaidis, T. (1966).1 Antibody response

T

S

R i nsdeals - ok
S TR

ST
B

sy > K

s A e
JREOLS N TSSO, R

/

)

s
XN

oL DI

i
K
o
5
N
£y
r:?,
)
i}

¢
E
B

after immunization with typhoid-paratyphoid A 'and B vaccine in gﬁ

Kala-azar. Acta. Pa?diatrica Scand. §§;301-304.$¥ ‘ W
J Ceccaldi, J. and Guilhaumou, F. (1942). ° Isolement d'une souche de Spirillum

morsus muris & 1'occasion du premier cas de Soduku abservé en

i
i
XS
.

b
it

IS

P
5

1w
'

.,

i
A

*
1
i
s

Afrique Equatoriale. Francaise: son - &tude. Rev. Sci. Med. Pharm.
Vet. Afr. Fr. ljl):16-38. .
Chernjiakhovskaia, 1.Y., Shaghijan, H.S., Slavina, E.G., and Svet-Moldavsky,
" G.J (1972).' Helminths and a]]otransp]antatibni*Rev. Etud. Clin.
Bio]. 17:395-399. L
Cherniakhovskaia, I.U., Shaghijan, H.S., and Svet-Moldavsky, G.J. (1971).
Correlation between‘extent of Trichinella spiralis invasion of

N

4




o - . golden hamstérs. Exp. Parasit. 25:171-180.

‘ 229

s

‘mice and transp]antapion immunity suppreséqﬁn. Dokl. Akad. Nauk.
SSSR  196:1490-1492. ‘

Chimishkian, K.L. and Ovumian, G.S. (1975). The efﬁect of Trichinella
spiralis on the susceptibility and antibody production to Vaccinia:
virus. Vopr. Virusol. 4:438-441.

Chimishkian, K.L., Ovumian, G.S., Trubcheninova, L.P., Sorokina, E.V. and

Svet-Moldavsky, G.J. (1974). Inmunosupbresiive effect of Trichinella

Qirglis Abstracts, 3rd Int. Cong' Parasit., Sect. B14(12).
Ch1twood M B. and Chitwood, B.G. (1950). An 1ntroduction to Nematology.
Ba1t1more Monumental, 213 pp.
Christian, J.J. and Davis, D.E. (1964). Endocrines, behavior and popu]a-
tions. Science 146:1550-1560.
Chung, H.L. Bnd Reimann, H.A. (1930). Antibody formation in Kala-azar.
" Arch. intern. Med. 46:782-786.
Clark, I.A. and Allison, A.C. (1976). Immune defences against blood para-
sites. New Sgientist 69(993):668-669: . -
Clark, I.A., Allison, A.C. and Cox, f.E. (1976). Protection of mice against
co Babesia and Plasmodium with BCG. Nature 259:309-311.
. Clark, I.A., Wills, E.J., Richmond, J.E., and Allison, A.C. (1975). Immunity
to intra-erythrocytic protozoa. Lancet Dec. 6, 1975:1128-1129.
Clinton, B.A., Stauber, L.A., and Palczuk, N.C. (1969). Leishmania
donovani : antibody -response to chicken ovalbumin byujnfecfed

™~

+ Corradetti, A. (1963). Acquired sterile immunity in experimental protdzoa?
infections. In: "Immunity to Protozoa". Garnham. P.C.C., Pierce,’ A.E.
- and-Riott, I. (eds). Oxford. Blackwell Scientific Publ. p. 69-77.
oventry,” F.A. (1925). . The reaction gt that iﬁﬁfbits reproduction

" of trypanosomes infections with Trypanosoma lewisi: special
reference§/ia/;;§n;hanges in t1ter throughout the course of 1in-
fection. Amer. J. Hyg. 5:127-144. L

Coven ry, F.A. (1930). The trypanoc1da] action of spec1f1c antiserums

on Trxpanosoma ]ew1s1 in vivo. Amer. J. Hyg. 12:336-380

.G. (1975). Enhanced Trypanosoma muscul i 1nfect1ons in -mice w1th

.| concomitant malarla Nature 258:148-149.

Cox, H.W] (1952). The effect of concurrent infection with the dog hookworm

Ancylostoma caninum,- on the natural and acqu1red1res1stance of

mice to Trichinella spiralis. J. Elisha thch §c1 Soc. 68:222-235

Cox, F.

A £

2
¥

2 S AR S T A

i

~

#




T

E ' : ' 230,

] N \

Crandall, C.A., Crandall, R.B., and Arean, V.M. (1967). Increased resistance
in mice to larvae of Ascaris sdum infections induced by .
Nippostrongylus brasiliensis. J. Parasit. 53:214-215.

Crandall, C.A., Jones, J.F., and Crandali, R.B. (1975). Immunosuppression
in mice during acute infection with Ascaris suum. Program

Sw | ‘ and abstracts. 51st Annual Meeting, ASP, San Antonio, Texas.

\ N Criswell, B.S., Butler, W.T., Rossen, R.D., and KnighF, V. 1(1971). Murine

malaria: role of humoral factors and macrophages in destruction

\ of parasitized erythrocytes. J. Immunology 107(1):212-221.

Cypess, R.H., Lubiniecki, A.S., and Hammon W.M. (1973). Immunosuppression
and increased susceptibility Japanese B Encephalitis virus :
ected mice. Proc. Soc. Exp. Biol. Med.

in Trichinella spiralis-i
143:469-473. © \
Cypess, R.H., Lubin .S., and Swidwa, D.M. (f974). Decreased suscep-
g tibil to Listeria monocytogenes in mice after infection with
Trichinella spiralis. Infectl.lmmun. 9(2):477-479.
Cypess, R.H., Molinari, J.A., Ebersole, J.L., and Lubiniecki, A.S. (1974).
Immuno]ogica] sequelae of Trichinella spiralis infect%on in mjce
II. Potent1at10n of cell-mediated response ot BCG after 1nfect1on
with Trichinella spiralis. Infec. Immun. 10(1):107-110: O
’Cypess, R.H., Zapata, R. and Gitlin, D. (1974). Deveiogment of cross-»‘
" protection against Listeria monocytogenes in mice following
infection with Trichinella spiraiis. In: Trichinellosis. Kim, C.W.
(ed). Intext Educ. Publ., New York. p.319-326.
DD‘A]esaﬁdro, P.A. (1959). Electrophoretic and ultrécentrifugal studies of
antibodies to Trypanosoma lewisi. J. Inf. Dis. lg§;f6-95.
D'Alesandro, P.A. (1962). In vitro studies of ablastin, the reproduction-
1nh1b1t1ng antibody to Trypanosofla lewisi. J. Protozoo1
. ‘9(3) 351-358. © ST
D'A]esandro, P.A. (1966).. Immunological and biochemical studies of ablastin,
/ - the reproduciion-inhibiting antibody to Trypanosoma lewisi.
Ann. N.Y. Acad. Sci. 129:834-852. ) ’

|

e

/ -+ N\ p'Alesandro, P.A. (1970). Non-pathogenic trypanosomes of rodents. in:
‘ . Immunity to parasitic animals, Vol II. Jackson, Herman, and Singer
@ ' : (eds). Appleton-Century-Crofts. Meridith Corp. N.Y. p. 691-738.
D'Alesandro, P.A. (1972). Trypanosoma lewisi: production of exo-antigens -
\ L ‘ .during infection in the rat. Exp. Parasit. 32:149-164.
» :

;
!
!
1
z




Rakfapel o - - 3

. . 231

o . .
D'Alesandro, P.A. (1975). Ablastin: the phenomenon. Exp. Parasit. 38:303-308.

D'Alesandro, P.A. (1976). The relation of agglutinins to antigenic varia-
tion of Trypanosoma lewisi. J. Protozool. 23(2):256-262.
Dallas, A.B.C. (1976). Interaction bétween Trypanosoma brucei and
Plasmodium berghei in concurre%t infections in mice. J. Trop.
Med. Hyg. 79(8):182-188. \
Davis, L.R., Herlich, H., and Bowman, G.W. (1959a).  Studies on experimental
concurrent infectioné of dairy calves with coccidia and nematodes.
I. Eimeria spp. and the small intestinal worm Cooperia punctata.
Amer. J. Vet. Res. 20:281-285.
Devis, L.R., Herlich, H., and Bowman,, G.W. (1959b) Studies on experimental
| concurrent infections of dairy ca]ves with coccidia and nematodes
II. E1mer1a spp. and the medium stomach worm Ostertagia ostertag_
Amer. J. Vet. Res. 20:487-491. ‘ ‘
Davis, L.R., Herlich, H., and Bowman, G.W. (1960a). Studies on experimental
concurrent infections of dairy calves with coccidia and nematodes.
ITI. Eimeria spp. and the threadworm Strongyloides papillosus.
Amer. J. Vet. Res. 21:181-186. . '
Dav1s, L.R., Herlich, H., and Bowman, G.W. (1960b). Studies on-experimental
‘conéurrent infections of dairy calves with coccidia and nematodes.
IV. Eimeria spp. and the small hairworm Trichostrongylus
colubriformis. Amer. J.-Vet. Res: 21:188-194. ‘
Dean, R.B. and Bixon, W.J. (1951). Simplified statistics for small numbers
of observations. Anal. Chen. 23:636-638.
Delanoe, P. (1911). Mechanisme de 1'immunite naturelle de 1a souris a 1’ égard
h du Trypanosoma lewisi. C. R. Soc. Biol. (Paris). 70:1041-1043.
Delanoe, P. (1912). L'importance de 1a phagocytose dans 1' 1mmun1té de la
souris a 1'égard de quelques flagellés. Ann. Inst. Pasteur (Paris)
26:172-203. o
Denham, D.A. (1965). Studies with methyridine and Trichinella spiralis.’

I. Effect upon the intestinal phase. in mice Exp. Parasit. 17'i0—14.

Derinis, D.T., Despommier, D.D., and Davis, N. (1970) Infectivity of the /
" newborn larva of Jrichinella s 4p1ra11s 1n the rat. J. \Paras1t
56:974-977, | .
Despommier, D.D. (1971).cg Immunogenicity of the newborn larva of Trichinella

spiralis. J. Parasit. 57:531-534.




LS

g “
; a0
SJUTAN ,,m%‘u?&%
. N

L
\
by

Despommier, D.D. (1973). A circular thermal migration device for the
rapid collection of large numbers of integtina] helminths. ‘ !
J. Parasit. 59(5):933-935. ‘
'Despommier, D.D. (1975). Adaptive changes in the muscle fibers inféqied /
o with Trichinella spiralis. Amer. J. Pathol. 78(3):477-496.

o Despommier, D.D. (1976). "Musculature" In: Ecological aspects of parasitism. '

Kennedy, C.R. (ed). Elsevier Excerpta Medica, North-Holland Publ.
In press.
Dubos, R.J. and Schaedler, R.W. (1957). The effects of cellular constituents
of Mycobacter1a on the resistance of mice to heterologous 1nfec-
tions. I. Protective effects. J. Exp Med. 106:703-717.
Duncan, D.B. (1955). Multiple range and multiple F-tests. Biometrics
11:1-42. ‘ , ‘
Dusanic, D.G. (1975). Immunosuppression end ablastin. Exp. Parasit. 38:322- Q
337. | 3
* Duszynski, D.W. (1972). Host and parasite interactions during single and
. concurrent infections with Eimeria nieschulzi and E. egarata
\ _ ’ in the rat. J. Protozool. 19:82-88.
Ee-Siriporn, V. and Wagner, E.D. (1969). The effects of Trypanosoma
equjperdum oh mice infected with Schistosoma mansoni. Jap.
J. Parasit. 18(1):62-65. ‘
Faaske, E. and Themann, H. (1961). E]ektronmicroskopische Befunde an der
Muskelfaser nach Trichinbefall. Virchow. Arch. Path. Anat.
334:459-474. . N )
Faubert, G. ﬂ (1973). Suppression of the immunological response in experi-
menta1 trichinosis in mice. Ph.D. thesis. Instﬁtute of Parasjto]ogy,
Mc6111 University, Montreal, Canada.
Faubert, G.M. (1976). Depression of the plaque-forming cells to SRBC by
] " newborn larvae of Trichinella spiralis. 1mmuno]ogy 30(4):485-491.
Faubert, G.M. and Tanner, C.E. (1971). Trichinella spiralis Inhibition of
sheep hemagglutinjns in mice. ‘Exp. Parasit. 30: 120- 123. ;
Faubert, G.M. and Tanner, C.E. (1974). The suppre551on of sheep rosette-

' forming cells and the inability of mouse bone marrow cells to
reconstitute competence after infection with the nematode '5;
Trichinella spiralis. Immunology- 27(3) 501-505.

Faubert, G.M. and Tanner, C. E (1975). Leucoagg]utinat1on and cytotox1c1ty

of the serum of 1nfected mice and extracts of Trich1neT1a sp1ra115
' / .

o R AN TR

y mr ert e b

e R

TSRO e

e s e o N~ -

A TR IR DA T

Pt bl e Jr 2T

»

SRl AR Y
*

v Nen AL T (o e e BRI T PR AL AR o v T T A DA PR MR - = e aar f R N




-
s

4

233

musc]e larvae and the capacity of infected mouse sera to prolong
skin allografts. Immunology.28(6):1041-1050.
Felsenfeld, 0. (1965). Borreliae, human, relapsing fever, and parasite-
vector-host relationships. Bact. Rev. 29:46-74..
Felsenfeld, 0. (1971). Borrelia. W. H. Greene. St. Louis Mo.
\ Felsenfeld 0. and Wolf, R.H. (1973). Interference betiween borreliae and
o ‘ trypanosomes 1. Antigenic analysis, flourescent antibody, and
v immobilisine studies of Borrelia turicatae and Trypanosoma cruzi.
Annal Trop. Med. Parasit. 67(3):335-340.
Fernandez, A.M., del Campillo, M.C., and Gancedo, B.A. (1969). Studies on
the immunological tolerance to Trichinella spiralis infections
- | <in rats. Wiad. Paraz. 15:585-596. .
. Floersheim, G.L. (1969).\ Suppression of cellular immunity by gram-negative
N bacteria. Antibiotics Chemotherapia 15:407-416.
Freedman, H.H. (1960). Reticuloendothelial system and passive transfer ¢
of endotoxin resistance. Ann. N.Y. Acad. Sci. 88(1):99-106.
Freeman, B.J., Payne, K. R., Cornford, E.M., and Macinnis, A.J. (1973).
< ' ' Effects of Tnypanosoma Tewisi on.concurrent infection with
s, Hymenolepis diminuta. Abstract #6512 J. Protozool. 20:59. .
1 . Frenkel, J.K. and Caldwell, S.A. (1975). Spec1f1c’1mmun1ty and non-specific
; 4 . resistance to infection: Listeria, protozoa, and viruses in mice
) ; and hamsters. J. Inf. Dis. 131:201-209.
Galliard, H. (193]). Infections Mixtes a tréponémes et trypanosomes chez
les animaux splenectomisés. C. R. Socv Biol. 107(24):1282-1284.
-Galliard, H., Lapierre, J.,-and Rousset, J. (1958). Comportement spécifique
' de d1fferentes espéces de Borrelia, au cours de 1'infection mixte
~ . avec Trypanosoma brucei. Son utilisation comme test d'identifica-
tion des spirochétes récurrents. Ann. Parasit. Hum. Comp. 33(3):
. 177-208. \ . .
\ Gentry, L.0. and Remington, J.S. (1971). Resistance against Cryptococcus
- ’ ‘ - conferred by 1ntrace1]u1ar bacteria and protq;pa J. Inf. Dis.
" 123:22. N f
Gledhill, A.W. (1959). Effect of bacterial endotoxin on._resistance of mice
| to ectromelia. Brit. J. Pathol. 40:195-202. | \
Goble, F.C. and Boyd, J. L (1957) Exper1ments on,the alteration of pro-
oo perdin levels\1n exper1menta1 Tnypanosoma cohgolense infect1ons
\ : J. Protozool. 4:17 ™ ‘

\', N _ / N
,

St e T alew———

T AL Dt Sk AL 0 UL~ R

LRI SLEE SO

. R

LRI -

=
e
wl
£
Ad
8
=
-.

(




ar wtim ef 4

Goble, F.C., Konopka, E.A., Boyd, J.L. and Lewig, L. (1964). Proceedings
of the seventh international congress on tropical medicine and
malaria, 2:327. Cited in Ruskin et al. (1969)
Gob]e F.C. and Singer, 1 (1960)\ The ret1cu'loendothe1 ial system in exp-
, erimental malaria and trypanosomiasis. Ann N.¥. Acad. Sci.
' 88(1):149-171. |
Goihman-Yahr, M., Raffel, S., and Ferraresi, R.W. (1969). Delayed Hyper-
. ' / sensitivity in fe]ation to suppres§ﬁon of the growth of Listeria
\ monocytogenes by Guinea pig hacrophages J. Bact., 100: 635 640.
Goodwin, L.G. (1970). Patho]ogy of african trypanosomiasis. Trans " Roy.
Soc. Trop. Med. Hyg. £4\(6):797-812. }
‘Goodwin, L.G., Green, D.G., Guy, M.W., and Voller, A. (1972). Irmunosup-
pression dur1ng trypanosom1as1s. Brit. J. Exp. Patho] 53(1):
40-43."%, -t B \
_Gore, R.W., Burger, H.J., and Sadun, E.H. (1974). Humoral and ceilular |
factors in the resistance of rats to Trichinella sp1ra11s. In:
Trichinellosis. Kim, C.W. (ed). Intext Educ. Publ., N.Y. .
p. 367-382. ‘
) Gould, S.E. (1970). Anatomic pathology. In: Trichinosis in man and animals.
Gould, S.E. (ed). Charles C Thomas, Publ., Springfield 1111n01s
. p. 147-189.
Gou]d S.E.; Gomberg, H.J., Bethell, F.H., Villela, J.B., "and Hertz, C.S.
(1955). Studies on Trichinella spiralis. I. Concerning the time
/ and site of insemination of females,of T. spiralis. Amer. J. Pathol.
31:933-963. 0
Goulson, H.T. (1958). Stud1es on the influence of a pr1or infection w1th
Ancylostoma caninum on the‘estab11shment and maintenance of
Trichinella spiralis in mice. J. Elisha Mitch. Sci. Soc 74: 14 23.
Gray, D. FJ and Jennings, P.A. (1955). Allergy in exper1menta1 mouse tuber-
;o culosis. Amer. Rev..Tuberc. 72:171-195. b
Greenblatt, C.L. (1973). Trypanosoma lewisi: E.M. of Infected Spleen.
Exp. Parasit. 34: 197-210. ) \ " '
| ' ' Greenblatt, C.L. and.Tyroler, E. (1971). Trypanosoma Tewisi: In vitro be-
, . havior of rat spleen cells. Exp. Parasit., 30: 363-374. !
' Greenblatt, C.L., Tyroler, E., and Spira, D.T. (1972).. Trypanosoma lewisi:
.' ~ Immune ;spleen cell transfer in rats. Exp. Parasit. 32:131-139.

+

/

' ‘ nA



‘
Ll W S

- 235

Gregnwood, B.M. (1974). Immunosuppression ip malaria and‘trypanosomiasis:
CIBA Foundation Symposium 25:137. - )
Greenwood, B.M., Playfair, J.H., and Torrigiani, G. (1971). Immufosuppres-
sion in myrine malaria. I. General characteristi¢s. Clin. Exp.
Immunol. B8:467-478. j
Greenwood, B.M., Whittle, H.C. and Molyneux, D.H. (1973). Immunosuppres-
sion in gambian trypanosomiasis. Trans. Roy. Soc. Trop. Med. Hyg.\
67:846-850. .
Grillo, J. and Krumeich, R. (1934). Zentr. Bakteriol. Parasitenk. 1 Abt,
| Orig. 132(7/8):305-403. Cited in Tate (1951).
Gursch 0.F. (1949). Intestinal phase:of Trichinella spiralis (Owen, 1835)
. - .. Raillet 1895. J. Parasit. 25:19-26. N
Gutterman, J.U.; Mavligit, G., McBride, C., Frei, E. and Hersh, E.M. (1973)
Active immunotherapy with BCG for recurrent malignant melanoma.
' Lancet }_1208*12]2 - .
Haleem, M.A. and Minton, S.A. (1966). The effects of adrenalectomy and splen-
ectpmy on Trypanosoma lewisi infections in white rats. J. Trop. |
Med. Hyg. 69:294-298. .
Halpern, B.N., Prévot, A.R., Biozzi, G., Stiffel, C!, Mouton, D., Morard, ) j
© J.C., Bouthillier, Y., and Decreusefond, C. (1963). Stimulation -
de 1'activité phagocytaire du systéme reticuloendothélial pro- o
roquée par Corynebacterium parvum.: J. Reticulo. Soc. 1:77-96.
Hankes, L.V. and Stoner, R.D. (1958). Incorporation of DL-tyrosine-2-C
" and DL-tryptophan-2- C]4 by encysted Trichinella §gjra11s 1arvae. Cod
Exp. Parasit. 7:92-98.- o
Harley, J.P. and Gallicchio, V. (1971). Trichinella spiralis: Migration of
) larvae in the rat. Exp. Parasit. 30:11-21.
Hassko,‘A. (1931). Experimentelle Udtersgchungen uber Misch- und Sekﬁnd;r-
- \ infektion. II. Heilversuche bei Mischinfizierten Tieren; zugleich
ein Beltrag zur Funktion des Ret1kuloenothe11a1en Systems bei den
ohemotherapeutlschen Hei]ungsvorgangen Zentr. Bakteriol. Para- .
sitenk. Abt. 1 Orig. 123:140-150. Cited in Tate (1951).
Hawrylko, E. and chkaness, G.B. (1973a). immunopo;entiation wjth BCG. III.
. Modulation of the response to a tumor-specific antigen. \J. Natl.
. Yy . Cancer Inst. 51:1677-1682. ] |
Hawry]ko, E.. and Mackaness, G.B. (1973b) Immunopotent1at1on with BCG Iv..

14

v . , ’ /




o T T N TN

}

1

Factors affecting the magnitude of an antitumor response. J. Natl.

Cancer Inst. 51:1683-1686. '

Herlich, H. (1965). Immunity and cross-immunity to Cooper1a oncophora and

-

C. pectinata in claves and lambs. Amer. J. Vet. Res. 26:1037-1041.

Hersh, E.M., Gutterman, J.V., and Mavligit, G. (1973). Immunotherapy of

Cancer in Man. Charles C. Thomas, Publ. Springfield I1linois. '

Hgyneman, D. (1953). Cross-immune protection against Hymenolepis diminuta

by H. nana in white mice. J. Parasit. 39(Suppl):28

Heyneman, D. (1962). Studies on helminth immunity. II. Influence of

Hymenolepis nana in dual infections with H. diminuta in white
mice and rats. Exp. Parasit. 12:7-18.

Hibbs, J.B., Lambert, L.H., and Remington, J.S. (1971a). Tumor resistance

conferred by intracellular protozoa. Clin. Invest. 50:45a

-lHibbs, J.B., Lambert, L.H., and Remington, J.S. (]971b). Resistance to

murine tumors conferred by chronic infections with intracellular
protozoa Toxoplasma and Besnoitia.! J. Inf. Dis. 124:587-592.

Hoare, C.A. (1966) The classification oﬁ)mamma]ian‘trypanosomes.

Ergebn. M1krob1o1 39:43.

Hoare, C.A. (1972) " The Trypanosomes of Mammals. A Zoological Monograph

Blackwell Scientific Publ. Oxford. p.214-234.

Hoff, R. (1975). Killing in vitro of Trypanosoma cruzi by macrophaées from °

mice immunized with T. cruzi or BCG and the absence 0f cross-
immunity on challenge in vivo. J. Exp. Med.-142:299-311.

Holmes, J.C. (1961). Effects of concurrent infections of Hymenolepis

diminuta and Moniliformis dubius. 1. General effects and compari-
son with crowding. J. Parasit. 47:209-216.

Holmes, J.C. {1962a). Effects of concurrent infections of Hymenolepis

3

diminuta and Moniliformis dubius. I1. Effects on growth.

J. Parasit. 48:87-90. ° .

Holmes, J.C. (1962b). Effects of concurrent infections of Hzmenolegis ‘

diminuta and Moni]iformis dubius. III. Effects in Hamsters.
J. Parasit. 48:97- 100

Holmes, J.C. (1973). Site select1on by paras1t1c helminths: Inté?specific

interactions, site segregation, and their 1mportanqe to the~dé-

“velopment of helminth communities. Can. J. Zool. 51:333-347.
‘Holmes, J.E. Jdr. (1957). The effects of concurrent infections with spiny
headed worms, Moniliformis dubius on the rat tape.vworm, Hymenolepis

N\

236

-
AL B SRS Ay L n T K A amds e cwew




- e e WRRRE

237

" diminuta. J. Parasit. (Oct. Supp1)43:20
Hook, E.W. and Wagner, R.R.” (1959). Resistance-pnométing activity of
endotoxips and other microbial products. II. Protection against
the neurotoxic action of influenza. J. Immunology 83:310-317.

Howard, J.G., Rowley, D. and Wardlaw, A.C. (1958). Investigations on the

mechanisms of non-specific immunity by bacterial 1ipopolysaccha-
rides. Immunology 1:181-203. ,

Hudson, R.J. (1973). Moderated immunologic responsiveness in parasitic

~ infections. Adv. Vet. Sci. Comp. Med. 17:87-117.

Hughes, F.W. and Tatum, A.L. (1956). E¥fects of hypoxia and intercurrent
infections by Plasmodium berghei in rats. J. Inf. Dis. 99:38-43.

Huldt, G.,'Gard, S., and OloVson, S.V. (1973). -Effect of Toxoplasma gondii
on the thymus. Nature 244:301-303.

_Hunter, G.W., Velleca, W.M., and Crandall, R.B. (1967). Studies on schisto-

somiasis. XXII. Cross resistance in S. mansoni and Nippostrongylus

! brasiliensis infections in mice. Exp. Parasit. 21:9-15.

Jachowski, L.A. and Bingham, G.A. (1961). Influence of Trichinosis on
Schistosoma mansoni in mice. J. Parasit. 47(5):719.

Jackson, G.J. (1959). Simultaneous infections with Plasmodium berghei and
Trypanosoma lewisi in the rat. J. Parasit. 45(1):94. o

Jacobs, H.R. (1957). Effect of Ornithosis on experimental fowl malaria.
Proc. Soc. Exp. Biol. Med. 95(2):372-373.

Jarrett, E.E. (1972). Potentiation of the reaginic (IgE) antibody response
to ovaﬁbymin in the rat following sequential trematode and nema-
tode infections. Immunology 22:1099-1101.

Jenkins, D.C. (1975). The influence of Nematospiroides dubius on subsequent
Nippostrongylus brasiliensis infections in mice. Parasitology®.

s 71(2):349-355. :

Jones, J.F., Crandall, RfB., and Crandalls C.A. (1975). Altered lymphoid
populations in mice infected with Trichinella spiralis. Abstract
#208. 50th Annual Meeting, -ASP. New Orleans ‘ ,

Jones, T.C., Yeh, S%, and Hirsch, J.G. (1972). Studies on attachment and
}ngestion phases of phagocytosis of Mycop]asma pulmonis by mouse -
,peritoneal macrophages. Proc. Soc. Exp. Biol. Med. 139:464-470.

Kagan, I.G., Norman, L., and Hall, E.C. (1968). The effect of infection
with Trypanosoma cruzi on‘theedéve1opment of spontaneous mammary

~

n

2 B LTS ™ A

T

T a gl | x At irme

K £



T ARG Y Al

AL £ o A

\
’ n 1

cancer in mice. -In: A. Anselmi (ed). "Medicina Tropical"”, Mexico.
p. 326-340.

Kazacos, K.R. (1976). Research Note: Increased resistan§e in the rat to
Strongyloides ratti following immunization against Trichinella
spiralis. J. Parasit. 62(3):493-494.

Kazacos, K.R. and Thorson, R.E. (1975). Cross-resistance between
Nippostrongylus brasiliensis and Strongyloides ratti in rats.

J. Parasit. 61(3):525-529. ‘

Keller, R~ and Jones, V.E. (1971). Role of activated macrophages and anti-
body in inhibition and enhancement of tumor growth in rats.
Lancet 2:847-849.

Keller, R., Ogjlvie, B.M., and Simpson, E. (1971). Tumor growth in nematode
infected animals. Lancet 1:678-680. *

Kerbel, R.S. and Eidinger, D. (1971). Further studies of antigenic compe- -
tition. II1. A model to account for the phenomena based on a de-

ficiency of cell to cell interaction in immune lymphoid popula-
tions. J. Exp. Med. 133:1043-1060. ’

Kierszenbaum, F. (1975). Enhancement of resistance and suppression of immuni-

zation against experimental Trypanosoma cruzi infection by
Corynebacterium parvum. Inf. Immun. 12(5):1227-1229.
Kierszenbaum, F., Knecht, E., Budzko, D.B., and Pizzimento, M.C. (1973).
; The role of phagocytosis in the defense against infection with

Trypanosoma cruzi. Fed. Proc. 32:1030.

Kierszenbaum, F., Knecht, E., Budzko, D.B., and Pizzimento, M.C. (1974).
Phagocytosis: A defense machanism against infection with
Trypanosoma cruzi. J. Immunology 112(5):1839-1844.

Kilham, L. and Olivier, L. (1961). The promoting effect of trichinosis on
enhephalomycarditis (EMC) virus infection in rats. Amer. J.

Trop. Med. Hyg. 10:879-884. |

Kloetzel, K., Faleiros, J.Jd. and Mendes, S.R. (1971). Concurrent infections
of white mice with Trypanosoma cruzi qu Schistosoma mansoni.
Trans. Roy. Soc. Trop.> Med. Hyg. 65(4):530-531.

" Kloetzel, K., Faleiros, J.J., Mendes, S.R., Stanley, C.T., and Aria, H.S.
" (1973). Concgmitant infections of albino mice by Trypanosoma cruzi

b N
T h g, T e

and Schistosoma mansoni. Parasitological parameters. Trans. Roy.
Soc. Trop. Med. Hyg. [67(5):652-658. ‘

P

s FENT, B

-~



N .

Kloetzel, K., Pedroso, W., and NaScimento, E. (1975). Concomitant infection.
by Toxoplasma gondii and Trypanosoma cruzi. Trans. Roy. Soc. Trop.

Med. Hyg. 69(1):165-166. ' -

Knight, R. and Chew, L.H. (1974). The interaction between Entamoeba
histolytica and Trichuris muris infections in mice. Amer. J.
Trop. Med. Hyg. 23(4):590-594. ’

Knight, R. and Warren, K.S. (1973). The interactions between Entamoeba

histolytica and Schistosoma mansoni infections in mice. Trans.

Roy. Soc. Trop.” Med. Hyg. 67(5):644-651.

Kocan, A.A. (1974). The influence of Nippostrongylus brasiliensis on the
establishment of Angiostrongylus cantonensig in the Tlaboratory
rat. Proc. Helminth. Soc. Wash. 41:237-241.

Konopka, E.A., Goble, F.C., and Lewis, L. {1961). Cited In: Immunity to
animal parasites. Soulsby, E.d.L. (ed). Academic Press N.Y.
Bacteriol. Proc. 61:134.

Kozek, W.J. (1971a). The molting pattern in Trichinella spiralis. I. A
light microscope study. J. Parasit. 57:1015-1028. .

Kozek, W.J. (1971b). The molting pattern in Trichinella spiralis.II. An
electron microscope study. J. Parasit. 57:1029-1038.

Kress, Y., Bloom, B.R., Wittner, M., Rowen, A., and Tanowitz, H. (1975). _

Resistance of Trypanosoma cruzi to ki]fing by macrophages.
Nature 257:394-396. ¢ ’

Krettli, A.U. and Nussenzweig, R. (1974@. Deplétion ¢f T and B lymphocytes
during malarial infections. Cell. Immunology 13:440-446.

Krupp, I.M. (1956). Amebic invasion of the liver of Guinea pigs infected
with the larvae of a nematode, Toxocara canis. Exp. Parasit.
5:421-426.

Kuhn, R.E., Vaughn, R.T., and Herbst, G.A. (1975). The effect of BCG on
the course of experimental Chagas' disease in mice. Int. J.
Parasit. 5:557-560.

Landy, M. (1956). Ihcrea§ed resistance following administration of bacterial

lipopolysaccharides. Ann. N.Y. Acad. Sci. 66(Art 2):292-303.

* Lange, D.E. and Lysenko, M.G. (1960). :In vitro phagocytosis of Trypanaosoma

lewisi by rat exudative cells. Exp. Parasit. 10:39-42.
Lanham, S.M. (1968). Separation of trfpanOSOmes from the blood of infected
rats and mice by anion exchange columns. Nature 218:1273-1274.

o

.




Sﬁ : ) : - T "
’ Lanham, S.M. and Godfrey, D.6. (1970). Isolation of salivarian trypanosomes
from man and other mammals using DEAE-Cellulose. Exp. Parasit.

| 28:521-534. . J h

o Larsh, J. E. Jr. (1967). Delayed-hypersensitivity in para51t1c infections.
- .~ Amer. J. Trop. Med. Hyg. 16:735-745. .

% " Larsh, J. E. Jr. ,» and Campbell, C.H. (1952). The effect.on natural res1stance

of mice to Hymenolepis nana var. fraterna of a simultaneous infec-
tion with Trichinella spiralis. J. Parasit. 38(Suppl.):20-21.
™ , karsh, J. E. Jr. and Donaldson, A.W. (1944). The effect of concurrent infec- !

. , tion with N1ppostrongy1us bras111ens1s on the development of
3 ~ Hymenolepis in mice. J. Parasit. 30: 18-20.
- Larson, C.L.3 Ushijima, R.N., Karim, R., Baker:< M.B., and Baker, R.E. (1972).
s . Herpes virus hominis Type 2 infections in rabbits: Effect of prior .
i 4 iﬁﬁhﬁ?zation with attenuated.Mycobacterigm:bovis (BCG) cells.
) Infec. Immun. 6:465-468. — N
f' o Laveran, A. and Mesnil, F. (1900) Sur 1’ agg]utlnat1on de trypanosomes du
A rat par divers sérums. C.R. Soc: Biol.. (Paris) 52:939- 942.
) { Lavlran, A. and Mesnil, F. (1901). Recherches morphologiques et ‘experimentales
é@l- oL ** sur le trypanosome des rats (Trypanosﬁma lewisi, Kent). Annales
) Inst. Pasteur 15:673-714. s

Laveran, A. and Mesn11, F. (1904). .Trypanosomes et trypanosomiases.

; (1st ed.) Masson and Cie. Paris.’ ,

? baveran A. and Mesnil, F. (191 ) Trypanosomes et trypanosom1ases h

E. [ . (2nd e#.) Masson and Cie. Paris. .

o Lee, C M. and Lincicome, D.R. (1972). Trypanosomq_lew1s1 Duration ef‘immudééi

gﬁ state in rats. Z. Paras1t. 38:344-350. ’ x

| - v Lewinsohn, R. (197?).‘Anagmia in mice with concomitant Schistosoma mansoni

- and P]asmodium berghei yoelii infections. Trans. Roy. Soc. Trop.

- "  Med. Hyg. 69(1):51-56. |

SN Lincicome, D R. and Watkins, R.C. (1963). Method for preparing pure cell
suspeps1ons -of Trypanosoma .lewisi. Amar. Inst.;Biol. Sci. Bu]ln

5 13:53-54." S L L ;

Linton, R.N; (1929). Reticu]oendqthe]ia] system in protozoan in#ections)

2 o Arch. Pathol. 8:488-501.

oy "Linton, R.W. (1929). Blood sugar in infections with Trypanosoima lewisi.
.\ " Aon. Tfop. Med. Parasit. 23:307-313.

N\

1

ai




W RO T SRR

:“LjungstrSm. I. (1976). The effect of-acute trichinosis ori allograft rejection.

+ Loose;, L.D., Cook, J.A., “and Piluzio, N. R. (1972). Ma]ar1a1 1mmunosuppres-

241

\ ~

In: MPathophysiology of Parasitic Infections”. Academic Press.
" In press.

sion - a macrophage mediated defect. Proc¢. Helminth. Soc. Wash.
39:484-491. ' wooT o

Loose, L.D., Trejo, R., and DiLuzio, N.R. (1971). Impaired endotoxin de-

toxification. as a factor in enhanced endotoxin sensitivity of
) malaria infected mice. Proc Soc. Exp. Biol. Med. 137:794-797

Louch, C.D. (1962). Increased resistance to Ilj‘wfnella spiralis in the
laboratory rat following infection with Nippostrongylus
brasiliensis. J. Parasit. 48(1):24-26.

Love, R.J., Gg1lv1e B.M., and McLaren, D.d. (1976) The immune mechanjsm.
which expels the intestinal stage of Tr1ch1ne1]a spiralis from
rats. Immunology 30(1):7-15.

Lowry, D.H., Rosebrough, N.J., Farr, A.L., and Randall, R.J. (1951). Protein

. meaeurement with folin phenol -reafjent. J. Biol. Chem. 193:265-275.

Lubiniecki, A.S. and Cypess, R.H. (]975a) Quant1tat1ve study of the effect

ol of previous Tr1ch1ne11a Ap1ra11s infection on Sarcoma 180 ascitic
tumor formation in mice. Tropenmed. Parasit. 26(3):329-333. -

Lubiniecki, A.S. and press, R.H. (1975b). Immunological sequelae of

Trichinella spiralis’ infection {n mice: Effect on the antibody

3

~ : :
responses to sheep erythrocytes and Japanese B Encephalitis virus.

Infect. Immun. 11(6):1306-1311. ° o

Lub1ﬂ[’ck1, A.S., Cypess, R.H., and Lucas, J.P. (1974a) Immune response to
and d1str1but10n of sheep erythgpcytes in Tr1ch1ne11a spiralis

© infected mlc%, Tropenmed. Parasit. 25(3): 345-349,

Lub1n1eck1, A. S s Cypess, R.H.,.and Lucas,,J P. (1974b). Synergistic inter—
action of two agents in m1ce Japanese B Encephalitis virus and
Trichinella spiralis. . Amer. J. Trop. Med.’ Hyg. 23(2):235-241. 4

Lucia, H.L: and Nussenzweig, R.S. (1969). Plasmodium chabaudi and :

Plasmodium vineckei: Rhagocytﬁc‘ackivity of mouse RES. Exp, Parasit. ’ ;§

. 25:319-323. S - -
Lunde MIN. and Gelderman, A.H. (1971). Resistance of AKR mice to lymphoid :
Teukemia associated with a chronic profozoan infection, Besnoitia .
jellisoni. J. Natl. Cancer Inst. 47:485-488.




.

ce

ﬂgnteufel P. (1909). Studien uber die trypanosomiasgs der ratten mit

. ' 242
‘\ . i

-

\

Mackaness, G.B. (1962). Cellular reéistange to infections. J. Exp. Med. .
. 116:381-406. : \ '
Mackaness, G.B. (1964). The immunological basis of acquired cellular resis-
tance. J. Exp. Med. 120:105- 120. .
Mackaness, G.B. (1967). The (elat1onsh1p of delayed hypersensitivity to .
acquired cellular resistance. Brit. Med. Bull. 23:53-54.
Mackaness, G.B. (1969). The influence of_ jmmunologically comitted lymphoid
) cells on macrophage activity in vivo. J. Exp. Med 129 973-992.
Mackaness, G.B. (1970a) The monocyte in cellular immunity. Sem. Hematol.
7:172-184.
Mackaness, G.B. (197Qb). The mechanism of macrophage activation. In:

¢ Infectious agents and host reactions. Mudd, S. (ed). W.B. Saunders.

Philadelphia. p. 61-75.

Mackaness, G.B. and Blanden, R.V. (1967). Cellu]ar 1mmun1ty Prog. A]lergy
11:89-140. .

MacNea], W.J. (1904) The 11fevh1story of Tnxpanosoma ]ew1s1 and Trypanosg@;
brucei. "-J. Inf. Dis.-1:517-543.

Mahmoud, ‘A.A., C1v11, R.H., and warren, K.S. (1976),-A high degree of resis-
tance to Sch1stosoma mansoni infection induced by the Bacillus
Calmette-Gusrin, (BCG). Amer. Soc Trop Meq' Hyg 25th annual
meeting. Phaladelphla e . 8

Mahmoud, A.A., Warren, K.S., and Strickland, G.T. (1976). Acquired resis-’
tance tosinfection with Schistosoma mansoni induced bj"?%xog]asma
gondii. Nature 263:56-57. S .

Mansfield, J.M. and Wallace, J.H. (1974). Suppression of cell-mediated

%immunity in experimental african trypanosomiasis. Infec. Immun.
10(2):335<339. s " |

bérucks1cht1gung der ubertragung unternatur11chen verha]tn1ssen
"und der immunitat. Arb. Gesundh (Berlin) 33 46-83.

Marra, 5 and Balish, E. (1974). Immunity to Candida albicans induced by\\ ,

L1ster1a monocytogenes. Infec. Immun. 10(1):72-82.

[

Massagh;a, A. (1906). Bo]] "Accad. Med. Geneva 21(1): 15. C1te& in Goble

and Singer (1960). !

0

“Matov, K. and Kamburov, P. (1968). Experiments for the production of cross-

jmmunity between Trichinella spiralis and Ascaris suum.

i Izv. tsent. Khelmint. Lab. Sof. 12:167-173.

a

-

z

<k
v

i
i i
.

e PeeT Yl oy <

L TPy O



Mahe], S. and Behin, R. (1974). CeTl-mediqfed and- humoral. immunity to
. \ protozoan infections. Transp]antQtion Rev. 19:121-146.
McMaster, D/D. and Franzl. R.E. (1961).. The effects of adrenocortical
steroids upon antibody formation. Metabolism 10:990-1005.
Mcyicker, D.L. (1962). The relationship of the haemolytic activity of
' complement to the concéntration of sensitized erythrocytes.
Immuno]ogy 5:20-29. C
Meerovitch, E. and Ackerman, S.J. (1974) Trypanosom1a51s in rats with
trichinosis. Trans. Roy. Soc. Trop. Med. Hyg. §§(5) 417.

Meerovitch, E. and Bomford, R. (1977). Macrophége potentiation by Trichinella

spiralis. In press: Ann. Trop. Med. Parasit. ' yé
Milder, R. (1973). Observations on the interaction of peritoneal macrophages

with Trypanosoma cruzi. I. Iﬁitia] phase of the relationship with

blood stream and culture forms in vitro. Rev. Inst Med. Trop
“Sao Paulo 15(6):386-392. =
Milder, R.V., Kloetzel, J., and Deane, M.P. (1973). Observations on the «
interactions of pefitonea] macrophages with Tnypaﬁosoma cruzi.
'I. Initial phase of the relat1onsh1p with blood stream and
culture forms in vitro. Rev. Inst. Med. Trop. Sao palilo 15(6):
) 386-392. 3!. o
Miller, J.E., Mackaness, G.B., and_Tagfange, P.H. (1973). Immunopotentiation
with BCG. II. Modulation of the resﬁqnse to sheep red blood cells.
J. Natl. Cancer Inst. 51:1669-1676. ‘
Mims, C.A. (1964). Aspects of the pathogenisis of virus diseases.
Bacteriol. Rev. 28:30-71. 2 )
Minchin, E.A. (1912). An 1ntroduct1on to the study of the protozoa. London.
Minchin, E.A. and’ Thompson, J.D. (1975). The rat trypanosome, Trypanosoma
. lewisi in its relation to the rat flea, Ceratophyllus fasciatus.
Quant. J. Micr. Sci. 60:463-692. :
Molinari, J.A. apd Cypess, R.H. (1975). Immuno]og1ca1 sequelae of Tr1ch1ne1]a
spiralis infection in mice: Effect of v1ab1]1ty and route of BCG
- a m1n1strat10n ou nematode-1nduced 1mmunopotent1at1on
. Infec. Immun. 11(5) 919-921.
Mo]1nar1;v3 'A., Cypess,"R.H., and EbersoTe, J.L. {1974). Effect of
Trichinella sp1talls 1nfect1on on the cell-mediated immune
response to BCG. Int-—Arch. Allergy Appl. Immunol. 47(4): 483-487.
Molinari, J.A. and Ebersole, J.L. (1976). Anti-neoplastic activity of

{

a4 v v v w o o—

RO ¢

,
R
N ERURE JRID Wh e » SR Fxbe Y e I o R HATER, ¢ SR T RAGIS T MSIMT v




/—

/

~

- Murrgy, P

" Nelson, D.S. (1974).

Nussenzweig, R.S. (1967).

. ’ Vo
, / ‘ ; 248 1,
M 1

" Trichinella spiralis infections. Abstract #E-128. Amer. Micro.
" Soc. Annual meeting, May 1976. ‘,

Morock, R. and Roberts, L. (1976). Concurrent infections of Hymenolepis

diminuta and Nippostrongylus brasiliensis: Effects of host diets

deficient in protein. Program and Abstracts. 51st Annual Meeting

ASP San Antonio, Texas. - !

.» Jennings, F., Murray, M., and- Urquhart, G. (1974a) The nature

of immunosuppression in Trypanosoma brucei infections 1n‘micg

‘ I. The role of the macrophage. Imnunology 27:815-823.

Murray, P., Jennings,.F., Murray, M., and Urhuhart, G. (1974b). The nature
of impurbsuppression in Trypanosoma brucei infections in mice:
‘H.memMomedmeme&}mmeygLM}ML

Murray, P., Jennings, F., Murray, M., and Urquhart, G. (1974c). Immuno-
suppression in trypanosomiasis.In: Parasitic Zoonoses, Clinical

. and Exper1mdhta1 Studies. Soulsby, E.J.L. (ed). Academic Press. N.Y.
p. 133-150. :

Nakamura, M. and Cross, W.R. (1972). Susceptibility of rabbwts immunized \
with Mycobacterlum bavis (BCG) or Mycobacterium phlei to Shigella
keratoconjunctivitis. Infec. Immun. 6:1025-1027. ) '

Nelson, D.S. (1969). Macrophages and Immunity. NorthHolland Publ. London.

Immunity to infection, a]légraft Ammunity, and tumor
“immunity: Parallels and contrasts. Transplantation Rev. 19:226-254.

Nigre]lif R.F. (1952). The effect of holothurin on fish and mice with.

Sarcoma 180. Zoologica 37:89-90. \

Nissle, A. (1904)..Hyg. Rundschau 14(21):1039-1081. éited in Goble and
Singer (1960). . . -

North, R.J: (1973). Importance oflthymus,derived lymphocytes 1n*Eéi1-m§ at®d
immunity to infection. Cell. Immunology 7:166~176. ce i

North, R.J. (1974). T-cell dependence of macrophage activation and mobili-
zation during infection with Mycobacterium tuberculosis.

Infec. Immun. ]gul):§6~7l.

AP sy A T T

ARG s T e

Increased non-specific resistance to malaria
produced by administration of killed Corynebacterium parvum.
Exp. Parasit.  21:224-231.

01d, L.J., Benacerraf, B., Clarke, D.A., Carswell, E.A., and Stockert, E.
(1961). The role of the RES in the host reaction to neoplasia.

~ Cancer Res. 21:1281-1301. “




-

SR IOEY kv Stacifai-g L i RN TR et T S - ol
¢ !
.

T«

I e . AP G i ,/ v

T Waa AT IR T TR

01d, L.J., Clarke, D.A., Benacerraf, B} and Goldsmith, M. (1960).
The retipu]oendéthe]ia] syspem and the neoplastic process.
Ann. N.Y. Acad. Sci. 88(1):264-280. |

Olivotto, M. and Bomford, R. (1974). In vitro inhibition of tumor cell
growth and DNA sysnthesi§ by peritoneal and luna macrophages
from mice injected with Corynebacterium parvum. Int, J.-Cancer

© 13:478-488 o {
Orr, T.S.C. and Blair, A.M.J.N. (1969). Potentiated reagin response to egg "
albumin and conalbumin in Nippostrongylus brasiliensis-infected
rats. Life Sci. 8/2:1073-1077.
orr, T.S.C., Riley, P., and Doe, J.E. (1971). Potentiated reagin response
to egg albumin in Nippostrongylus brasiliensis- infected rats.
Immunology 20:185-189. . ' ,
Ortiz-Ortiz, L.,'Gonzalez-Mendoza, A., and Lamoyi, E. (1975). A vaccina-
-tion procedure against Trypanosoma cruzi fnfection in mice by
non-specific immunization. J. Immunology 114(4):1424-1425.
Ortiz-Ortiz, L., Ortega, T., Capin, R., and Martinez, T. (1976). Enhanced’
’ npnonuc]ear ph§gocytic activity during Trypanosoma cruzi infec-

n

tions in mice. Int. Arch. A11. Appl. Immun. 50(2):232-242 4 °

Ortiz-Ortiz, L., Zamacona, G., Sepulveda, B., and Capin, N.R. (1975).
Cell-mediated immunity in patients with amebic abscess of the

Tiver. Clin.'Imunol. Pathol. 4:127-134. | o

Ouchterlony, 0.7 (1958). Diffusion-in-gel methods for immunological analysis.
Progr. Allergy 5:1-78. D

Owen, R. (1835). Descr1pt10n of a microscopic éntozoon infesting the muscles
of the human body. Trans. Zool. Soc. Lond. 1:315-324.

Paget, J. (1866). On the discgve?y of Trichina. Lancet 1:269-270.

Patton, C:Q. (7965). Passive immunizatioﬁ ggainst Trypanosomd léwisi-using

serum and peritoneal exudate cells in dexamethasone—trgated rats

and untreated rats. J. Parasit. 51(2 Sec.2):28.

Patton, C.L. {1972). Trypanosoma lewisi: Influence of sera and peritoneal
exudate cells. Exp. Parasit. 31:370-377.

Perla, D., Marmorston-Gottesman, J. (1930). Furthef studies on Trypanosoma
lewisi infections 1n albino rats\‘i, The effects of splenectomy
on I_ Tewisi 1nfect1on in albino rats and the protective action
of splenic autotransplants. J. Exp. Med. 52:587-601.

!

e o e

HEPE R TITT A WL s . S




|

Peterson,

Phillips,

|

Phillips,

246

1 .
E.A. and Sober, S.A. (1962). Column chromatography of protein
substituted cellu]ose In: Metho s in Enzymology. Vol. 5.
Colowick, S.P. and Kaplan, N.0. ?bds).~ Academic Press.
R., Selby, R., and Wakelin, D. (1974). The effect of Plasmodium -
berghei and Tnypanosoma'brucei_infections on the immune expulsion

of the nematode Trichuris muris from mice. Int. J. Parasit.

3;409-415.

R., and Wakelin, D. (1976). Trichuris muris: Effect of concurrent
1nféctions ‘with roﬂent Piroplasms on 1mmune expulsion from mice.
Exp Parasit. 39: 9%—100

Phi]]ipson, R.F. and Kershaw, W.E. (1960). The production, deposition, dnd

rd

growth of the larvae of Trichinella spirali§_and their significance

in the chemotherapy of the infection. I. Introduction, summary
of experimental results and discussion. Ann. Trop. Med. Parasit.
54:250~251. 4

A\
Ph1111pson, R.F. and Kershaw, W.E. (1961). The production, dep051t1on, and

growth of the larvae of Trichinella spiralis and their significance
in the chemotherapy of the infection. II. Production and deposition

of larvae. Ann. Trop. Med. Paras1t 55:231-234. o .

Pisano, J.C., Patterson, J.T., and DiLuzio, N.R. (1968). Ret1culoendothe11a\

/

blockade: Effects of puromycin on opsonin-dependent regovery.
Science 162:565-567. ‘ '

Pross, H.F. and Eidinger, E. (1974) = Antigenic competition: A\review of

non-specific antigen induced supbressibn Adv. Immunol. 18'133-168.

Purkerson, M. and Despommier, D.D. (1974). Fine structure of the muscle

phase ;?ﬁTr1ch1ne11a spiralis 1n the mouse. In: Tr1ch1ne11os1s

+ Kim, C.W. (ed) Intext Educ. Pub] N.Y. p 7-23.

Rab1n0w1tz, L. and Kempner, W. (1899). Beitrag zur kenntnis der b]utparas1ten,
speciell der ratten trypanosomen. Z. Hyg. Infektwonskr 30:251-294.

Ra1111et, A. (1895) Traité de zoologie médicale e& agr1co]e 2nd ed.

(Fasc. 2) Paris. p. 737-1303. ’ .

Rau, M. and Tanner, C.E. (1975). BCG suppresses growth and metastasis of

hydatid infection®_Nature 256:318-319.

Rau, M and TannerJ C.E.. (1976). Echinococcus multilocularis in the cotton

rat: Growth of intrathoracic metastases following surgical removal
of subcutaneous cycsts. .Int. J. Parasit. 6:151-153.

’
[

B T R R R T o L P e Y T o

- HRIXYE N LN

L P



247

l ‘ 1 i ‘*\ : | l‘\
Regendanz, P. (1932). Uber die immunitdtsvogange bei der infektion der
ratten mit Trypanosoma lewisi. Z. Immunitatsforsch. 76(6):437-445

Regendanz, P. and Kikuth, W. (1927). Uber die bedeutung der milz flir die

bi]dung de vermehrungshindernden reaktionsproduktos (Taliaferro) .
- und dessen wirkung auf den infektionsverlauf der ratten-trypano-
somiasis (Trypanosoma lewisi). Centr. Bakteriol. Parasitenk.
1. Abt. Orig. 103(4/5):271-279. g
Remington, J.S. and Merigan, T.C. (1969). Resistance to virus challenge in
| m1ce infected with protozoa or bacteria.-Proc. Soc. Exp. Bio]
Med. 131:1184-1188. ! -

Remington, J.S. and Rusk1n, J. (1969) A common mechanism of immunity for .
1ntrace11u1ar infections. Clin: Res. 17 156. u

Reuben, J.M. and Tanner, C.E. (1976). personal commun1c5t1on.

Ribas-Mujal, D. and Rivera-Pomar, J.M. (1968f Biological significance of
the early structural alterations in skeletal muscle fibers 1nfec-

v ted with Trichinella spiralis. V1rchs Arch. Abt. A. Path. Anat
| 345:154-168.
Rigby, DaW. and Chobotar, B. (1966). Thé.effect§ of Trypanosoma lewisi on
. theidevelopment of Hymenolepis diminutalin concurrently infec-!
ted white rats. J. Parasit. 52:389-394. &
Rosen, F.S. (1961). The endotoxins of bram-qggqtive baqteria and host resis-
" tance. New Eng. J. Med. 264:919-923. '

Roudsky, D. (1911). Mécanisme de 1'immunité naturelle de la souris‘vis a-vis
du Trypangsoma- lewisi kent. C. R. Soc. Biol. (Paris) 70 693- 694

Row]éy, D. (1955). St1mu1at1on of natural immunity to Escherichia co]1
infections. Lancet 1:232-234. )

Ruitenberg, E.J. (1974). 'Immunblogical aspects of Trichinella spiralis
infection in the rat. In: Trichinellosis. Kim, C.W. (ed).

Intext Educ. Publ. New York. p.205-212.

Ruskin, J., McIntosh, J. .»,and Remington, J.S. (1969). Stud1es on the mechan-
isms of resistance to phylogenetically diverse 1nttpcgllu1ar_ ’
organisms. +J. Immunology 103:252-259. .

Ruskiﬁ, J. and Remington, J.5. (1968a). Immunity to intracellular infection:
Resistance to bacteria in mice inected with a protozoan.

Science (Wash. D.C.) 160:72-74. ‘

Ruskin, J. and Remington, J.S. (1968b). Role for the macm®phage in acquired

immunity to phylogenetically unrelated intra&el]u]ar organisms.

R

N

s -
T S R ARSI AR SXisvewsh Ly wrimmsasueleammeny ,  vi g oo e

e -~ S

N RSl mm YRS e Mg Aok« o

& Eae wer e




T AL AL e a1 e
©

AT ETSTP IO PR Ry

R TR B T

1

"

Salaman, M.H. (1969). Immunodepyession by viruses. Ant. Chemotherapia
.15:393-402. » : ' .
Salaman, M.H, (1970). Immunosuppressive effects of infection. Proc.'Roy.
Soc. Med. 63:11-15. '
Salaman, M.H., Wedderburn, N. . and Bruce-Chwatt, L.S. (1969) The immuno-
depressive effect of a murine Plasmodium and its interactiop with
_ murine oncogenic viruses. J. Gen. Microbiol. 59:383-391.
Schein, H.EJE. (1907). Ann Inst. Pasteur 21(9):739-752. Cited in Goble and
Singer (1960). o
Schell, R.F. and Musher, D.M. (1974). Detection of non-specif?EJresistance
to Listeria mbnocytogenes in rabbits infected withbTregonema
palidium, Infec. Immun. 9(4):658-662.
Schieddeger; J.J. (1955). Une micro-méthode de }*immuno&lectrophorase.
Int. Arch Allergy Appl. Immunol. 7: 103-}10
Schlossberger, H. and Grillo, J. (1935). Experimentelle untersuchungen Uber
" misch- und ‘'sekundarinfektion. \VI. Mittleilung: Weitere vesuche liber
den einfluss einer mischinfektion mit rekurrensspirochaten auf
~die trypanozide wirkung des \Germanins. Zentr. Bakteriol. Parasitenk.
1 Abt. Orig. 135(4/5):203-215. Cited in Tate (1951). ,
Schwgb, J.H. (1975). Suppression of the immune response by hicqoprganisms. v
Bacteriol. Rev. 39(2) 121-143.
Schwartz, B. (1960). Discovery “of tr1ch1nae and démonstration of their 1ife
history and pathogen1c1ty. Proc. Helminthol. Soc. Wash. 27:261-268.
Schéwtz, J. (1931). Trypanosoma lewisi et splenectomie. Ann. Parasit. Hum.
Comp. 9:10-14. ’ '

Antimicrobial Agente\%iemotherapy. p.474-A77.

N

Sengers, R.C.A., Jerusalem, C. R » and Doesburg, W.H. (1971) IV. Murine

' malaria: Disturbed immunological responsiveness during Plasmodium

berghei infections. Exp. Parasit. 30:41-53. ’ N

Senterfit, L.B. (1958). Immobilization of the miracidia of Schistosoma
mansoni by immune sera. II. The occurrence of Fhe antibody during
the course of schistosomiasis. Amer. J. Hyg. 68:148-155.

Sher, A., Smithers, R.S., and Mackenzie, P..(1975). Passive transfer of 'f
acquired resistance to Schistosoma mansoni in laboratory mice.

* Parasitology * 70:347-357. g

‘Sherman, I.W. and Ruble, J.A. (1967). Virulent Trypanosoma lewisi infections

in cortisone treated rats. J. Parasit. 53:258-262.

A




B A A S L

TTSE LT RG L

PR

. Shmuel, Z., Golensen, J. and Spira, D.T. (1975) Mutual influence of 1nfec—

© Singer, I., Kimble, E.T., and Ritts, R.E.Jr. (1964) Alterations of the

Sinski, E. (1972). Preliminary studies on cross-resistance in Nippostrongytus

Stavitsky, A. (1954). Micromethods for study of -proteins and antibodies.

249

Shilo, M. (1959). Non-specific resistance to infections. Annual Rev. Micro.-
13:255-278. -

tion with Plasmodium berghei and Trypanosoma 1ew1s1 in rats.
J. Protozool 22(3):73A. N

Silver, B., D1ck, T. and Welch, H.E. (1976). Exper1menta1 concurrent 1nfec-
tions with Trichinella spiralis (Nematoda) and Hymenolepis diminuta f'
(Cestoda) in Sprague-Dawley rats. Annual Meeting Can. Soc. Zool.
Regina. Abstract. : : \

Simaren, J.0. and Bammeke, F.M. (1970). Pathological,and biochemical changes
in rats infected concurrently with Nippostrongylus brasiliensis
and Trypanosoma congolense. ‘Ann. Parasit. Hum. Comp. 45(6):

\ 805-813. |

Singer, 1., Kimble, E.T., Ritts, R.E.Jr. (1963) Effect of bacterial endo- ..
toxin on mice with infection of Trypanosoma congolense, J. Paraf1t.
49:2-21. ‘ '

host-parasite relatjonship by administration of endotoxin to mice
with infections of trypanosomes. J. Inf. Dis. 114:243-248.

.
Sl R T i i o e SR "‘ﬁi&&.&&%&:ﬁk@~ el

' brasiliensis and Trichinella spiralis infection of rats’
Acta. Paras1t Pol. .20(48):551-561.
Smithers, S.R. and Terry, R Jd. (1976). The immunology of sch1stosom1as1s
“ Adv. Parasit. 14:399-422. y
Snedecor, G.W. and Cochran, W.G. (1967). Statistical Methods. The Iowa _
State Univ. Press. Ames Iowa. _
Soulsby, E.J.L. (1970). Cell-mediated immunity in parasitic infections.
J. Parasit. 56:534-547. - ’
Soulsby, E.Jd. L (1972) Cell-mediated 1mmune responses in parasitic infec-
tlons In: Immunity to Animal Parasdtes. Soulsby, E. J L. (ed).
" Academic Press. New York. p. 57 95 /

~
) .
.
- Al -
T A D IR B B S B R T e S 00

I. Procedure and general app]ications of hemag§lutination and . %
/hemagg]ut1nat1on-1nh1b1t10n reactions with tannic ac1d and protein

treated red blood cells.J. Immunology.72:360-368.
Stewart, G.L. and Read, C.P.1(1972). Some aspects of cyst synthesis in

o

4

4 1

'
fa == “m=—




*n

N mouse Trichinosis. J. Parasit. 58:1061-1064.

Stoner, R.D. and Hankes, L.V. (1955). Incorporafion of C' "~labelled amino
acias by Trichinella spiralis. Exp. Payasit. 4:435-444.

Str1€k1and, 6. » Pettit, L., and Voller, A. (1973). Immunodepreﬁ51on in

mice infected with Toxoplasma gondii. Amgr. Soc. Trop: Med. Hyg.

22(4):452-455. '

Strickland, G.T., Voller, A., Pettit, L.E., and Fieck, D.G. (1972). Immuno-
depression associated with concomitant Toxoplasma ax: malaria

14

\

infections in mice. J. Inf. Dis. 126:54-60.
Styles, T.J. (1965) Effect of bacterial endotoxin on Tnypanos ma lewisi
in rats. J. Parasit. 51:650-653. \
Styles, T.J. (1970). Effect oflupothur1n on Trypanosoma lewisi infections
in rats. J. Protozool. 17(2):196-198. . ‘
Sullivan, T.D., Ladue, K.T., and Nigrelli, R.F. (1955).. The effects of
holothurin, a sterpid saponin of animal origin, on Krebs-2
. ascites tumor in Swiss mice.. Zoologica 40:49-52.
Sullivan, T.D. and Nigrelli, R.F. (1956). The antit&morous action of bio-
‘ logics of marine origin. I. Survival of Swiss miqe inoculated
with Krebs-2 ascites tumor and treated with holothurin, a steroid®
~ saponin from the sea cucumber, Actinopyga agassizi. Proc. Amer.
Ass. Canc. Res: 2:151. " :
Svet—Mo]daysky, G.J., Shaghijan, G.S., Chernyakhovskaia, I.Y.;’Mkhgidze,‘
D.M., Litovchenko, T.A., Ozeretskovskaya, N.N., and Kadaghidze,
Z.G. (1970). ‘Inhibition of skin‘allograft rejection in
Trichinella-infected mice. Transplantation 9:69-71.
Swartzberg, J.E., Krahenbuhl, J.L., and Remington, J.S. (1975). Dichotomy
between macrophage activatioh and degree of protection ag@fnst
Listeria monocytogenes and Toxoplasma gondii in mice stimulated
with Corynebacterium parvum. Infec. Immun. 12(5):1037-1043.
Tabbera, K.F., 0'Conner, G.R:, and Nozik, R.A.. (1975). Efféct -of immuni-
zation with attenuated Mycobacterium bovis on experimenta]ltoxo—
plasmic retinechoroiditis. Am J. Opthalm. 79:641-647. T
Takayanagi, T. and Nakatake, Y. (1975). Trypanosoma gambiense: Blogking
ability of parasite and macrophage homogenates on the attachﬁént -y
during phagocytosis. Exp. Parasit. 37(2):218-222.
Takayanagi, T., Nakatake, Y ,,and Enriquez, G.L. (1974a). rzpanosoma
gambiense: Phagocytosis in .vitro. Exp. Parasit. 36:106-111.

L TR T iERT

PP

PRI ]

BRI 00 WP thpaPird

V4 T SN

3 TM LR Ul

2zt bt e




. . 25

Takayanagi, T., Nakatake, Y., and Enriquez, G.L. (1974b). Attachment and

. a ; ingestion of Trypanosoma gambiense to the rat macrophage by

l ' specific antiserum. J. Parasit. 60(2):336-339.

Ta11af§rro, W.H. (1924). A reaction product in infections with Trypanosoma
lewisi which inhibits the reproduction of the trypanosomes.
J. Exp. Med. 39:171-190.

Taliaferro, W.H. (1926). variability and inheritance of size in Trypanosoma
Tewisi. J. Exp. Zool. 43:429-473.

Taliaferro, W.H. (1929). The Immunology of Parasitic Infections. Century

‘ Publ. Co. New York. )

Taliaferro, W.H. (1932). Trypanocidal and reproduction-inhibiting anti-
bodies to Trypanosoma lewisi in rats and rabbits. Amer. J. Hyg.
16:32-84. : \

Ta11aferro, W.H. (1938a). Ab]astlc and trypanocidal antibodies against
Trypanosoma duttoni. °J. Immunology 35:303- 327

Ta11aferro, W.H. (1938b). The effects of sp]enectomy and blockade on passive
.transfer of antibodies against Trypanosoma lewisi. J. Inf. Dis.
62:98-117. ) o,

Ta11aferro, W.H. (1941). The 1mmuno]ogy of paras1t1c protozoa. In: Protozoa
in Biological Research. Calkins, G.N.'and Sommers, F.M. (eds).
Hafner Publ. Co. Inc. New York.

Ta]naferro, W.H.,> Cannon, P.R., and Goodloe, S. (1931) ,The resistance of
rats to infection with Trypanosoma Tewisi as affected by sp]enec-
tomy. Amer, J. Hyg. 14(1):1-37.

AT TR
.

i

'}

° ) duction 1nh1b1t1ng antibodies against Trypanosoma lewisi.
Sc1ence 127: 1063. . -
Ta11aferro, W. H » and Pizzi, T. (1960) The\wnh1b1t1on of nucleic acid and
protein synthesxs in Trypanosoma lewisi by the antibody ablastin.
Proc. Nat. Acad, Sci. U.S.A. 46:733-745.

AT T, S IS IS T NPT SR R

TR

. Ta11aferro, W.H. and Taliaferro, L.G. (1922). The resistance of different ,
" ‘hpsts ot experimental trypanosome infections with especial refer-
- ence to a new method of measuring this resistance. Amer. J. Hyg.
‘ 2:264-319. - .

Tanner, C.E. (1968) Ré]ationship between infecting dose, musc]e“parasitism,
and antibody response in exper1menta1 trichinosis in Rabbits.
J. Parasit. 54(1):98-107. S

I

|

Sltac Bt (TR B N T o~

SHEIT B

Ta]1aferro, W.H., Pizzi, T., and D'Alesandro. P.A. (1958) Lytic and repro-

¥ B

4




|

. , S 252
|

o

,Tannet, C.E. (1970). Immunochemical study of the antigens of Trichinella

. spiralis larvae. IV. Purification by continuous-flow paper
electrophoresis and column chromatography. Exp. Parasit. 27:
116-135., '
Tanowitz, H., Wittner, M., Kress, Y., and Bloom, B. (1975). Studies of
in vitro infection infection by Trypanosoma cruzi7 I. Ultra-
structural studies on the invasion of macrophages and L-cells.
. Amer. J. Trop, Med. Hyg. 24(1):25- 33.. h
Targett, G.A.T. and Viens, P. (1975). Ablastin: Contro] of Trypanosoma
musculi infections in mice. Exp. Parasit. 38:309-316.
Tate, P. (1951). Antagonism of Spirillum minus infection in rats towards
Trypanosoma 1ew§si and Trypanosoma equinum. Parasito]ogyfil(]/z):
117-127. .
Taylor, J. and Becker, E.R. (1948). Liver changes in pantothenate-def1C1ent
rats infected with Trypanosoma lewisi. J. Inf. Dis. 82:42- 44.(4
Terry, R.J., Freeman, J:, Hudson, K.M., and Longstaffe, J.A. (1973).
Imnunoglobulin M production .and immunosuppression in trypanosomia-
sis: a linking hypothesis. Trans. Roy. Soc. Trop. Med. Hyg. \
67:263-271. ’
Thomas, L. (1957). The role of the reticu]oendotheijal system in the reaction
to endotoxins. In: Physiopathology of the reticuloendothelial
system. A symp051um The council for international organ1zat1on
of medical sciences. Char]es C. Thomas Springfield I1linois.
Tizard, I.R. and Ringleberg, C.P. (1975). The effect of bacterial adjuvants
on Trypanosoma lewisi infections in rats: Folia Parasitol.
. (Praha) 22:323-326. .
Toshkov, A., Kiurkchiev, S., Komandarev, S., and Mikhov, L. (1975).
Interrelations of experimental T(ichine11a spiralis and
Erysipelothrix insidiosa infection in rats. Acta. Microbiol.
Virol. Immuno] (Sofiia) 2:7-12.
Trager, W. (1959). A new virus of ducks interfering with deve}opment of
' the malaria parasite Plasmodium lophurae. Proc Soc. Exp. Biol. "¢
Med. 101(3):578-582.
Trautmann, R. (1907). Etude experimentale sur 1'association du spirille de
la tick fever et de divers trypanosomes. Ann. Inst. Pasteur "
21(10): 808 824. C1ted in Tate (1951). ,

3

1
.
:
>
o
]
]
n
e

A WAL W b,



|

253 %

Turner, J.H., Kates, K.C., and Wilson, G.I. (1962). The interaction of

1 ) *  concurrent infections of abomasal nematodes Haemonchus contortus,

; ) Ostertagia circumcin?ta, and Trichostrongylus axei in lambs.

: Proc. Helminth. Soc. Wash. 29:210-216. ’

ﬁ Uriel, J. and Grabar, P. (1956). Emploi de colorants dans 1‘'analyse electro-

E phorétique et immunoelectrophorétique en milieu gélifié. '

: t Ann. Inst. Pasteur (Paris) 90:427-440. ‘ : o
f Urquhart, G.M., Murray, M., and Jennings, F.%. (1972). The immune response

’ to helminth infections in trypanosome infected animals.

:

: Trans. Roy. Soc. Trop. Med. Hyg. 66(2):342-343.
% : Urquhart, "G.M., Murray, M., Murray, P.K., Jennings, F.W., and Bate, E. (1973)
s Immunosuppression in Trypanosoma brucei infections in rats and
mice. Trans. Roy. SoE. Trop. Med. Hyg. 67:528.
3 Vassiliddis, P. (1930). La fonction antiparasitaire de 1a rate décélée par
f ] la- splenectomie. Arch. intern. Med. Exp. 6:89-118.
3 Vernes, A., F]och, F., Biguet, J., and Tailliez, R.§(1975). Experimental
Tr1ch1nos1s I. The course of delayed hypérsensitivity in the
CBA mouse and Wistar rat. Int. J. Parasit. 5(1):63-70.
" Vincent, R. (1927). Spirochétose de 1a souris blanche et infection mixte
trypano-spirochétique. Ann. Inst. Pasteur 915131-14}.
Voller, A. (1972). Immunosuppression during tryﬁanosomiasis. Brit. J. EXp:
- Pathol. 53:40-43.
Wakelin, D. and Bruce, R.G. (1974). Heterologous immunity in mice infected
with Tr1ch1ne1]a‘&p1ra11s Abstract. 3rd Int. Cong Paras1t o
. . Munich.
Weatherly, N.F. (1970). Increased survival of Swiss mice given sub]ethal
infections of Teichinella spiralis. J. Parasit. 56:748- 751y
Weiner, L.M. and Neely, J.°(1964). The nature of the antigenic relationship
between Trichinella spiralis and Salmonella typhi. J. Immunology -
92:908-911. '
Weinman, C.J. (1960). Studies on schistosomiasis. XV. Resistance to S.
mansoni in mice immuniged with Trichinella §pira1is. ‘ -
J. Parasit. 46(5):Section 2. ®uppl. Abstract #109.
Wenyon, C.M. (1926). Protozoology. Vol I. London. .
] . Williams, D.M. anzil:emington, J.S. (]935). Effect of chronic Toxoplasma -
5 / ° - gondii infections on the course of Trypanosoma cruzi challenge
- in mices Program and Abstracts. A?P Nov. 10-14 New Orleans.

g

¢

]

% vy T

o
s o .
(et




A 4

o Targett. G.A., gnd Edwards. c. l (1973)

‘Comparative studies on the persistence of Tryfanosoms musculf

and T. lewisi in immune hosts. Trans. Roy Soc Tmp Med H,yg.

67:27.

Wu, L.Y. and Kingscote, AA. (1957)." Studies on Trichine'lla girali 1I. |
\ Times of final molt, spermatozoy formation, ovu‘lation. and insemi-

Wilson, V.C.L.C., Viens, P

N

natfon. Can. J. Zool. 35:207-211. ‘
Yasphe, D.J. (1971). ImmunoIogicT factors 'ln non- specific stimulation of
. host resistance fn syngeneic tumors. Isr. J. Med. Sci. 7:90-107.
Yasuda, S. and Dusanic, D.G. (1971). Serologic characterization of the
somatic antigens of forms of Trypanosoma lewisi from the\hlwd
. stregm and cultures. J. Inf. Dis. 123(5) 544-547.
Yoeli, M. (1956). Some aspects of concomitent infections of plasmodta Snd
schistosomes I. The.effect of Schistosoma mansoni on the course
6f Plasmodium berghei infections in ‘the field vole (Micm;g;_

-

-
.
.
v sermimimet s . o - akemaan

. . guentheri). ‘“Amer. J. Trup. Med.-Hyg. 5: 9g8-999. °
Yoeli, M., Becker. ., and Bemkopf H. (1955). The effect of West Nile \drus
’ ' on experimental malaria inféction (P]asmodium bergheihn mice.,
. © Harefuah 49(6):116-119. / ,

vYoudim. S. (1976). Resistance to tumor growth mediated by Listerfa

monocytogenes. Destruction of. experimental malignant meTanpma .
by LM-activated peri toneal and Jymphoid ce]ls J. Immunology
116(3) 579- 584“

*

e *
B

;
o



