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ABSTRACT 

~ , ~ 

Immunological aspects of concomitant infections of T. spiral is 

and 'J. lewisi have been stud1ed in the rat. Immunopotentiation towards 1. 
~\ f, 

lewi's i occurs wnen rats are chall ~nged wit~ trypanosomes after an infec-

tiotl with f. spiral i~ such that the development of peak trypanosome 

parasite~ia is inhibited,ïn nematGde-infe~ted rats. Splenectomy prior to 
• 

the ch~l1enge infection with 1. lewisi abrogates this cross-protection. 
~ 

Immunopotentiation during Trichinel10sis is dose dependent and transient. 

Primary infections with 1. ,spiral ;5 do not enhance or suppress 

ablastic or trypanocidal antibody responses to 1. lewisi. However, immuni-

zation with a soluble antigerr'extract of 1. spiralis muscle ]arvae enhances 

,trypanosome infections and s)Jpprcsses acqui red humoral immuni ty J .,1. 1 ewisi. 

A comparative study of parasite antigens did not reveal any cross-reactivity. 

Thè granu'lopectic activity of the RES is enhanced during Trichinel-

10515; this stimulation is correlated with the time and level of parasitism 

,yielding a maximum immunopot('ntia{tion towards 1. lewisi. Rats immu'nized with 

" BCG show a sirnilar/potentiation of immunity to T. leWiSi~îggesting the im­

PO)"~p(lce of a stimul ct tion of non-spèci fi c cell-med~ated i~ i ty Ol'~ RES act-

--ivi ty in these interspeci fic interactions. Immunization with only the parent-
l ' 

eral, newborn larvar stages of T. spiralis also induces il1111unopptentiation 

in the rat. 

A study of the phagocytic activity of peritoneal and splenic macro-
t 

phages fram nematode-infected rats did not dernonstrate enhanced phagocytosis 

of trypanosomes by these cel1s in vitro. 
/ 

Sorne poss ible mec~ani sms of immunopotentiation are discussed in 

relation to the life cycle of T. spiralis and acquired immunitY,to T. lewisi'.,~ ,~, 
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L'aspect i'mmuno1ogique d'une infection concomittç.nte à parti r 

de T. spira1is et 1. lewisi a êt~ étudié chez le ~at en laboratoire. Une 

immunostimulation dirigée contre 1. l€wisi apparaît lors,que 1 es rats sont 

in..fectés avec T. spiral ;s au préal able. Cette stimulation est remarquable - , 

puisqu'elle réussit à inhiber la phase principale de développement des 

trypanosomes. Par contre, 1 a spl énectomie des rats effectuée avant l' infec­

tion avec l. l'ewisi annule cette protection croisée. "De plus, cette immuno-
\ . 

stimulation causée par 1. spiralis est dépendante d~ la dose et transitoire. 

Une infection primaire avec 1. spiralis n'augmente pas et ne 

1 

1 
! 
, 
1 

T 
1 

i r 
supprime pas l'activité de l'abla~t;ne de même que l'activité des anticorps 

anti-trypanosome. Toutefois, des rats immunisés avec un extrait antigénique 
~ ) 

préparé à partir de larves musculaires de Trichinella supprime l'activité 

h.umorale du système immunologique contre T. lewisi, 'augmentant ainsi 

l'importance de l'infection. Une étude comparative des structures antigé-
1 

niqueséo des deux parasites ne révèle aucune activité croisée. 

, L'activité granulopectique de système réticuloendothél ial (SRE) 

est augmentée durant la Trichinellose. Cette stimul ation est en corrél ati,ol 
" 

avec la phase' de développement de 1. lewisi stimulant la répo~e immunitaire .' 

à son maximum. Des rats immunisés avec BCG montrent une protection s<imilaire 

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

tion non-spécifique de la réponse èellulaire ou bien l'~tivité du SRE 
, 

dans de tels systèmes. L'immunisation des rats à partir des larves de 1. 

spi ral is nouvell ement nés peut ind~i re ~ne immunos timul ation comparabl e. 

"'-
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L'activité phagocytilire étudiée in vitro, , ~--

,1 

l'· 
1\ 

des macrophages 
il 

pêr~t~nêaux et spléniques prélevés chez des rats "fnfeçtés avec le 
, 

nêmatode n'a pas démontrée une plus g~ande affinit~ pour 1. lel'lisi. 

, Des méchanismes possibles pouvant expliquer cette immu?o-

iv 

) 

stimulation sont proposés en 'tenant co~mpte du cycle de vie de 

et l'immunité acquise contre 1. lewisi. 
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PREFACE 

, This project was begun in 1973 as a resul t of the seren-

dipitous discovery by my thesis supervisor, Dr. E.,Meerovitch, that 

rats infected with Trichinell a spi ra1 is were sometimes refractory to 

a 'challenge infection with Trypanosoma l ewisi. A prel iminary study of 

this phenomenon, conducted in the fall of 1973, confirmed this effect 

and demonstrated that rats infected with 1. spiralis for 30 days were 

partially protected against a challenge infection with 1. le\'lÎsi. This 

cross-protection was manifeste9' by a significant inhiobition of 'the 

,development of trypanosome parasitemias in concomitant1y infected rats 

(Meerovitch and Ackerman 1974). 
\ 

The'research presented in this thesis was started in January 

1974 and was completed in September 1976 at the Institute of Parasito1ogy, 

f'1cGill University. The dissertation i5 organized into 10 chapters. In l,- 1 ~ 

order to provi de the reader with an adequate background, a comprehens i\v~ 

review of the literature, cornpleted in November 1976, is presented in 
" Iii 

the first four chapters. Chapter 1 is a genera1 introduction to the sub­
i 

ject of concomitant Pilfasitic infections and discusses sorne of the impor­

tant factors invel ved in an explanation of competitive, interspecific, 

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

infections. Chapters II and II 1 provide a review of a number of important 

aspects of the life cycle and immunobio1ogy of Trichinella spiral is and 

TrypanO,soma lewisi that are relevant to this thesis. The final review 
o 

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

stimulation of non-specific host resistance to parasitic infection and 

neoplasia. 

" 1 

• 1 
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The next five chapters (.V-'IX) ,presen.t de'ta'jl s of the e.xperi-

mental work on concomitant infections of 1. spiralis and T. lewisi in 

the inbred rat. Each of these chapters has been organized into a separ­

ate introduction, materials and methods~ results, and a pertinent discus-

sion. It should be noted t~at chapters 'y-IX are in ,the process of being 

edited 'fa} submission to a numbet of scientific journals for publication. 

Al tered states of immunological responsiveness (immunosuppres­

sion and immunopotentiation) during experimental Trichinellosis have 'been 

investigated for the first time util izing a model of concomitant infections' 

with the hemoflagellate Trypanosoma lewisi, and the nematode Trichinella 

spiralis. Chapter V investigates the kinetics and sorne possible mechanisms 

of cross-protection between these parasites and demonstrates the dose 

dependency and trans ient na ture of immunopotenti ati on in Trichinellos is. 
, 

Cross--protection is not dùé to an antigenic cross-reactivity or the 'pre-
, 1 

1 

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

The granulopeetie aetivity of the retieuloendothel ial system (RES) is shown 
~> 

ta be enhancèd during Triehinellosis in the rat and this stimulation is -

correlateç with the time and level of parasitism yieldi~g maximum immuno­

PC;tentiation towards 1. lewit~i. Splenectomy prior ta the challenge ihfec­

tion with trypanosomes is shawn ta abrogate this er0ss r protection. Chapter 

VI explores the mechanism of immunopotentiation in this system and evidence 

is presented that cross-protection is not due ta a functional alteration 

in the' acquired humora~ immune response of the rat to l, lewisi. Chapter 

~ inves ti ga tes for the fi rs t time, the rol e of specifi c developmental 

st~9.es of the life eycle of T. spiralis in immunopotentiation, and demon­

strates a requirement for living parenteral, newborn larval and encysted 

\ 
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" "intracell u1 ar muscl e stages in the induc'tion of this phenomenon. Irrununiza-
, , " 

tion of rats with a solub'le àntigen extract of 1. spiraHs muscle 1arvae 

. does not stimulate cross-pro,tection, and instead is shÇ>wn ta enhance try­

panosome in'fections and to suppress the deve10pment of aequired humoral 

immunity to 1. lewisi. In a comparative s~udypresented in chapter VIII, 

rats, immunized with BCG show à similar· potentiation' of i'mmunity'to T. lewisi, , " - , 
suggesting'the importance of a stimulation of non-specifie celhmediQted 

immunity or RES activity in these interspecific interactions. A study of 
1 • 

the phagocytic activity of peritoneat and splenie macrophages from nematode-. , 

in!ected rats in- c.hapter IX, however, failed to denunstrate"a correlation . 
betwee~' enhanced phagocytos is of trypanosomes by t~ese cell 5 in, vitr"o and 

immunopotentiation towarps ]:. l ewisi i n_W9-' The coricl uding chapter (X) '. 

\ presents a summary and aiscussion of sorne possible mechanisms gf immuno .. 

potentia~ion in relation to the 1 He cycle of 1. spiral is and acquired 

immunity ta T. '1'ewis i . 

It is hoped that the research preserited in this dissertat:ion h~'s 
< 

don. ri c~ to an experimenta 1 approach that "tH izes concomitant lnfec-; 

tions ta investigate basic immunological phel'lOm~na in parasit;sm~ !-

• 
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A. INTRODUCTION 

C •••• I • d4 b tll" E Y t L i IdMII 

CHAPTER 1 

CONCOMITANT PARASITIC INFECTIONS: 
AN INTRODUCTION AND REVIEW 

The biology of the host-parasite relationship is highly complex. 

~ For most, if not al1 host-parasite re1ationships, further complexities are 

introduced by the presence of multiple (parasite) species infections. Con-

comitant infections are not uncommon, and it·is generally recognized that, 
i 

. in its natural environment, the host is usually inf~cted with more than one 
1 

parasite species. It is only recently, however, that the parasi~ologist has 

become interested in the infl~ence of parasitic infect\on on the abil(ty of 

the hast to resist secondary infection by an unrelated parasite species. 

Indeed, a detailed knowledge of parpsite-mix, and the interspecific inter-

actions that occur in the hast, ,is essential to a comprehénsive understanding 

of the phenomenon of parasitism. 

Al though many aspects of the immunobiology bf singl e 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 

immunology of parasites. 

B. HOST-PARASITE INTERACTIONS IN CONCOMITANT PARASITIC INFECTIONS 

There are numerous reports in the li terature that deal wi th ex-

perimental concomitant infections (Table 1.1-1.3).* ! 
1 
/ 

* Many of these reports are not directly relevant to this 'thesis. Sorne 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. 

\ 
t'Il \ 

, ,,! 

\ ~~ 

't 

~ ., 
1. 
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TABLE 1. l - 1.3, 

" .. 0 , 

EXPERIMENTAL STUDIES ON CONCOMITANT PARASlrIC INFECTIONS 
o 

+ = SYNERGISTIC EFFECTS - enhanced infectioni'v,of one or both parasites 
, ~, 

o 

(e.g. - enhanced pathogenicity or virulence, 

or i mmunos uppres sion) . 

_ = ANTAGONISTIC EFFECTS - suppressed infections or growth and ',develop-

1 ment of one or both parasites (e.g. ;::; direct 'r 

j competition, antigenic cross reactions, 

immunopotentiation) . 

± = INCONCLUSIVE RESULTS or NO OBSERVABLE EFFECTS on either the hast or 

the pa ras i tes. 

. ' 

f ' 

( 

l) 

4' , 

,,. 

o 
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v 
TABLE 1.1 - EXPERIMENTAL STUDIES,ON CONCOMITANT INFECTIONS WITH KElMlNTHS 

CONCOMITANT INFECTIONS 

Tr;chine,"la spira1is, 
Ancylostoma caninum 
Ascaris suum 
Hymenole~diminuta 
Hymeno1epis nana 
Nippostrongyl~s brasi1iensis 
Schistosoma mansoni 

,1 

Strongyloides ratti 
Trichuris muris / 

Nippostrongy1us brasi1iensis, 
Angiostongylus cantonensis 
Ascaris suum 

1 

/ NematospTrOTdes dubi US 
Schistosoma manson; 
Strongy1oides rat~i 

Hymenolep~s diminuta, 
Hymeno1epis nana 
Mùni1iform;s dubius 
Nippostrongylus brasiliensis 

" ~ 

Cooperia oncophora, 
Cooperia pectinata , 

Haemonchus contortus, 
Ostertagia circurncincta 
Trichostrongy1us axei 

,Trichostrongy1us axei, 
Ostertagia circumcincta 

HOST 

~
m~ce 

o t 
mice 
rat 
mice 

Il 

rat 
mice 

rat 
mice 
mice 
mice 
rat 

mice 
rat 
m;ce-
" 

calves 

calves 
calves 

ca1ves 

~/ 

EFFgCT 

Q' 

1 ± 

+ 

/ 

± 

r" 

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-an~Thorson 1975 

Heyneman 1953, 1962 
Ho1mes 1957,1961,1962, 
Larsh and Donaldson 1944~' 
Morock and Roberts 1976 

Herl ich 1965 

Turner et al. 1962, 
-II-\--

Turner et hl. 1962 

o 

, 

" 

~~ 

w-

./ 
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TABLE 1.~ EXPERIMENTAL STUDIES ON CONCOMITANT INFECTIONS WrTH ,PROTOZOA AND~HELMINTHS 

CONCOMITANT INFECTIONS 

Eimeria spp., " 
Càoperia punctata • 
Ostertagia ostertagi 
Strongyloides papillosus 
Trichostrongylus colubriformis 

Entamoeba histolytica, 
Schistosoma mansoni 
Toxocara can; s 
Trichuris muris 

Plasmodium berghei, 
Schistosoma mansoni 

.1 

Trichinella spiralis 
Tri churi s muri s --

Salmonella typhimurium, 
Trichinella spiralis 

Salmonella typhi, 
Trichinella spirali~ 

Toxop1asma gond;;, 
Schistosoma mansoni 

Trypanosoma brucei, 
Nippostrongyl us brasil iensig. 
Trichinel1a spiralis 
Trichuris mur; s 

Trypanosoma congo1ense, 
Nippostrongylus brasiliens;s 

,,:i;>f"~ïv.;iii~<. k'i>J\ïi:~:;,' ,; .. ~;~~~~t<~ 'c.:' ~""-''''''';;:''''''~~~''''' 1~~~1"'~'(, ,. .. ;.c ! 

HOST 

cal ves 
" 

r" 
Il 

mice 
gu;nea pig 

mice 

~ 
vole 
mice 
mice 
mice 

mice 

rat 

mice 

rat 
mice .,., 
mice 

rat ... 

EFFËCT 

'+ 
± 
+ 
± 

+ 
+ 
+ 

± 
+ 
+ 

-.'J 

+ 
+ 
+ 

\, 

"-

, 
REFERENCES 

Davis et al. 1959 
Davis et al. 1960a 
Davis et aï. 1960b 
Davis etal. 1960c 

Knight and Warren 1973 
Krupp 1956 
Knight and Chew 1974 

Yoel i 1956 
Lewinsohl1 1975 
Bruce and Phillips 1974 
Phillips et ~.1974 

( 

Brewer 1955 
Iii> 

We;ner and Nee1y 1964 

Mahmou.d et ll. 1976 

Urquhart et ll. 1972 
~ce and Phil1ips 1974 

Phillips et'li. 1974 

~ 
Simaren and, Bammeke 1970 

~ 

"JI; 

IV 

• 

~ 

l 
1 

l 
l 

" 1 

i 
" 
1 

1 

1 
! 
1 
! 
1 

i 
1 

L. 
1 
1 

.t:o. i 
\' 

" 
1 , 
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, TABLE 1. 2 - CONT' D. 
"i 

CONCOMITANT INFECTIONS HOST EFFECT RE,FERENCES 

Trypanosoma cruzi, 

i 
Sehistosoma manson; 
Trichinel1a spiralls 

mice­
miee +9 Kloetze1 et al. 1971, 1973 

Campbel1 et al. 1976 
_1 

Trypanosoma eguiperdum, 
Schistesoma manseni 

Trypanosoma lewisi, 
Hymenolepis diminuta .. 
Nippostrongy1us brasiliens;s 

miee 

rat 
Il 

rat 

+ 

± 

Ee-Siriporn and Wagner 1969 

RigbY.and Chobotar 1966 
Freeinan et al. 1973 
Ashl ey 1962-

TABLE 1.3· - EXPERIMENTAL STUDIES ON CONCOMITANT INFECTIONS WITH PRQTOZOA 

CONCOMITANT INFECTIONS HOST 

Plasmodium berghei~ 
Toxoplasma gondii mice 

~ Trypanosoma brucei miee 
Trypanosoma lewisi rat 

Il " 
Trypanosoma muscu1; miee 

Toxoplasma gondii, 
Trypanosoma cruz; miee 

Eimeria nieschulzi, 
Eimeria separata rat 

EFFECT 

+ 
+ 
+ 
± 
.;.:-

+ 

+ 

REFE~ENCES 

Strickland et al. 1972 
Dallas 1976---
Hughes and Tatum 1956 
Jackson 1959; Shmue1 et al. 
Bungener 1975; Cox 1975--

Kloetzel et~. 1975 

Duszynski ]972 

""" 

1975 

<.TI 

~~ 

! 
~ 
l 

1 
1 
1 
1 

i 

1 
i 
a 
} 
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It 1S unfortunate that in most of these studies, research has been mostly 
1 

phenomenologiçal and has proviaed only limited observations on basic para-
;' 

sitological parameters. Very few detailed studies in this field have been 

conducted in an attl=!mpt to unravel the mechanisms involved in an explanation 

of the synergistic or antagonistic interactions that occur during inter-
1 

current infections. 

The following factors are all probably involved in an explanation 

of the competitive interactions that occur during concomitant infections: 

1) EXPLOITATION OF A COMMON HABITAT IN THE HOST LEADING 

10 DIRECT COMPETITION FOR AVAILABLE RESOURCES 

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

(crowdirig effects). nutritional factors, etc., or direct 

I~ antagonistic effects due to parasite-induced alterations 

in the habitat). 

2) THE "REACTIVITy li OF THE IMMUNE RESPONSE ~ 

(e.g. - parasite-induced changes in immùnological re-

sponsivenéss, including enhanced non-specifie inflamma- , 

tory reactions or non-specifie cell-mediated responses, , 

immunosuppression and immunopotentiation) . 
• r 

3) ANTIGENIC CROSS-REACTION 
1 

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

associated with antigenic relationships of parasites and 

synthesis of homologous antibodies by the host). 

Sorne of the models in which these types of interactions have been 

studied are briefly discussed below. 

ggrœnm 
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EXPLOITATION OF COMMON HABITATS IN THE HOST 
-

This type of interaction has been most widely studied in models 

that employ intercurrent infections of intestinal helmihths in a variety of , 
rxperimental and natura1 hosts. For example, Ho1mes (1957,1961,1962) has 

extensively studied the interactions betwee~ the cestode Hymenolepis 

dim,;nuta, and the aCânthocephalan 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 local ization noted as well. Studies of this type 

have been aimed at an understanding of the influence of competitive inter­

specifie interactions on the evolution and deve10pment of helminth communi-

ties, site selection, and niche diversification. A comprehensive review of 

this subject has been presentea by Holmes (1973). 
1 

"REACTIVITY" OF THE IMMUNE RESPONSE 

Numerous investigati~ns have been conducted on the influence of 

parasi tic infections on host immun6logical responsiveness (Hudson 1973; Capron 

et al. 1975). The thrust of ,much of this research has been in the eluci-

dation of the mechanisms by which parasites manage to evade the potèntially 

hostile environment of the host immunological response. It is w~ docu-

mented that parasites are capable of altering the "reactivity" of natural 

resistance or acquired immunity such that the host may respond more or less 
J " 

efficiently ta a primary or secondary infection. Parasitic infections have 

been shown ta suppress or enhance non-specifie inflammatory reactions, non-

" specifie cell-mediated immunity, RES activity, antibody responses, and spe-

cifie cel1-mediated responses by a number of possible mechanisms ineluding 
~. 

antigenie competition, induction ofimmunologieal tolerance, and induction 

of suppressor cell function. The, effects of paras ite-i nduced immunosup-

:-" 

" .. 0,. . ,~.' 
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pression or immunopotentiation on intercurrent ,infections has not been 

adequately investigated. The most \detailed studies in this area haVe been 
, ' 

,1., 

on the cross-resistance between phYlogeneticallY unrelated intr.acell ular 

parasites (see Chapte~ IV for review). Many other models are now being 

used to study these types of interactions and ·they include concomit~nt in­

fections o.f helminths (Tabl e 1.1). protozoa and helminths (Table 1.2). and 

protozoa (Tabl e 1. 3). 

ANTIGENIC CROSS-REACTIONS 

This type of interaction has been studied in models using con-

\comitant infections \'lÎth related parasite species (e.g. - same genus) or 

parasites in which antigenie relat,ionships have been demonstrated. For! 

exampl e~ anti genic rel ationships and interference phenomena between spiro­

chetes and trypanosomes are we11 dacumented (Oallas 1976) and Felsenfeld 

"-
and Wolf (1973) have examined the interactions between borreliae and tr,Y-

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

antigenic fractions. Whole extracts as well as antigen,ic fractions of !!. 
\ 

turicatae were shown to suppress T. cruzi parasitemia and pralong the life 

span of the immunized mice. 

In parasitic infections where specifie immunoglobulin plays an 
-;.-

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. Howèver, in infections where antibody re-

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

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

to be of a non-functional nature. 

The three categories ôf 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 any 

" 
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single host-parasite system. Further research is required before we will 

be able ta fully understand the multipl icity of host-parasite interactions 
\ 

that occur during multiple (parasite) species infections. 

) 
! 

\ 

\ 
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CHAPT ER II 

TRICHINELlA SPIRALIS: A LITERATURE REVIEW 
, , 

\ 

A. THE NEMATODE 

,INTRODUCTION AND IAXONOMY 

Trichinella spiralis (Owen, 1835) Rai11et, 1895 is an aphasmid' 

nematode parasite of vertebrate carn~ores. I. spiralis was first recog-
\ , 

nized in a human cadaver by Paget in 1835 (Paget, 1866), but Owen (1835) 
1 

i 

was the first to publish a definitive desc~iption of this nematode. The 

basic features of its IHe cycle were described independently by Leucfart 

and Virchow in 1860 (Schwartz 1960), 

According to Chitwood's classification of the Nematoda in 1950 

(Chitwood 1950),1. spiralis has the fo11owing taxonomie position: 

\ Asche1minthes <1 Phylum 
1 .~ 

Cl ass Nematoda 
" j 

Sub Cl ass Aphasmidia 1 

Order Enop1 i da 

Sub Order Dorylaimina 

Super Fam; ly Tri churoidea 

Family Tri chi nell idae 

\ Genus Trichinella 

species spiralis 
'. 1 

\ 
1 

'-

,1 

,\ 

, ' 
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LIFE CYCLE AND COURSE OF INFECTIQN 

Significant contributions towards an understanding of the life 
\ 

cycle of 1. spiralis were made in?ependently by Virchow and leucl<art in 

1860 (Schwartz~ 1960). Oetailed aspects of the life cycle i~cluding a 

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 1arvae encysted in the striated ske1etal muscles of 

an ;l')fected host are ingested by a vertebrate carnivore. The larvae 

are freed from their cysts in the stomach of the host and go through 

four quick mol ts (Ll-Adult) in the small intestine where they become 

sexually mature adults. Mating and insemination o~cur within approxi­

mately 30 hours after ingestion of infected muscle tissue (Gould et ,!l. 
1 

1955; Wu and Kingscote 1957; Kozek 1971a). At approximately four ta 

seven days, depending upon the host and strain'of T. spiralis, the in­

seminated females produce newborn' larvae viviparously, aond deposit them 

11 

" 

in either the mUCQsa or directly into the central lacteals or capillaries 

of t~e vi 11 i . 
1 

The n,ewborn larvae migrate from the intestine to the muscles 

by a number of different routes\ '\'tith approximately 70% migrating by 

way of the blood~lymph circulatory sYê)tem and approximately 30% by other 

routes inc1uding the peritoneal cavity and the hepatic-portal circulatory 

system (Harley and Gallicchio 1911). La~viposition and migration of 

newborn larvae can occur from day 4-14 post ingestion of infective muscle 

larvae~ with a peak at about 7-11 days (Har1ey and Gal1icchio 1971). 

Ne\'/born larvae that reach the striated skeletal muscle cells 

enter into an intrace11 ular stage of development where they encyst and 

, , 
' .. 
'f, 

. " 

, ";. 
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'become infective. The first infective 1arvae appear approximately 17 , 

days after ingestion of infective muscle larvae and by 28 days nearly 

aH larvae have encysted and become infective (Phillipson and Kershaw 

1960, 1961). 

The intestinal .phase of infection is completed after two.weeks 

in the rat. ~Jorm expulsion begins shortly after the first week and is 

completed by the end of the second week of infection (Gursch 1949; 

Fernandez et ~. \~1969; Gore et~. 1974; Ruitenberg 1974; Love et ~. 

1976) . . 
"-

The lif cycle of this nematode is therefore composed of three 
1 

distinct paras itic', stages which occur during two phases of infection 

(Fig. 2.1): 

ENTERAL PHASE 

1) The Intestinal, Adul t Stage -------- Day 7 

PARENTERAL PHASE 

2) The Newborn, Mi grating Stage ------- Day 14 

/ 
3) The Intracell ul a r, Infective Stage - Day 28 

~, 

Thus, the entire 1 ife cycle from adult to infective stages is completed 

within a single hast species. 

( 

! 

1 

\ 

" 

, 1 
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FIGURE 2'.1 

LIFE CYCLE OF TRICHINEI lA SPIRALIS IN THE VERTEBRATE CARNIVORE 
1 

ENCYSTMENT .. 1 N GEST 1 ON ., EXCYSTMENT 
, (INFECTIVE STAGE) 

J , { 

, FORMATION OF NURSE-CELL 

PARAS l TE COMPLEX 
- 1 

INTRACELLULAR GROWTH 
AND DEVELOPMENT , 
PENETRATION OF STRIATED 
SKELETAL MUSCLE CELLS 

l 

f' 

MOL TING - LI TO 

SEXUALLY MATURE ADULT , 
MATING AND 

INSEr~INATION , 
DEVELOPMENT OF 
EMBRYOS ~N UTERO , 

MIGRATION OF NEWBORN .. LARVIPOSITION ...... -- VIVIPAROUS BIRTH OF 
NE~~BORN LARVAE LARVAE TO MUSCLES r=-

PARENTERAL PHASE ENTERAL PHASE ' 

~ 

w 
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TRICHINELLA SPIRALIS~ AN INTRACELLULAR PARASITE 

The newborn larva of !. spiralis is capable of 'penetrating and 

'infecting striated skeletàl muscle cells of most mammalian species (Gould 
"-

1970). Shortly after the penetrà,tton of the larva, the infected muscle 
" 

cell modulates to become a functionally distinct unit which is now termed 
\, 

, \ 

the Nurse cell (Purkerson and Despommier 1974). The larva of 1. spiralis 

survives in the Nurse cell as an intracellular parasite (Ribas-Mujal and 

Ri vera-Pomar 1968;' Purkerson and Despommi er 1974), and thi s combinati on 

has been ca11ed the Nurse cell-parasite complex (Purkerson and Despommier 

1974; Despommier 1975; Despommier 1976). The intracellular stage of T. 

spiralis has been ca11ed the Nurse ce11-parasite complex because the 

modified host cell (i .e. - striated skeletal muscle ce,") 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 morpho1ogical events that occur during penetration and in­

fection of striated skeleta'l muscle cells by 1. spiralis have been ex­

amined ;n detail. The gross hi8to1ogical change~ that-occur were de­

scribed by Gould_ (1970), and Faaske and Themann (1961), Ribas-Mujal ~nd 

Rivera-Pomar (1968), Purkersan and Despom'mier (1974), and Despommier 

(1975) have described the ultrastructu~a1 characteristics of the NHrse 

cel1-parasi~e comp1ex. This morpho1ogical evidence strong1y suggests 

that the larva of 1. spiralis acts much like a virus in that it is capa-

ble of directing a hast cell tr~nsformation that provides a suitable ~ 

niche for the parasite (Ribas-Mujal and 'Rivera-Pomar 1968). A review ~ 

the eco1ogica1 considerations regarding the Nurse cell-parasite complex 

has been provided recently by Despommier (1976). 

" 
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Recent morphological and biochemica1 studies have demonstrated 

that the 're~ationship between the intracellular muscle larva and the in­

fected muscle cell is a very complicated, ecologica1ly balanced system 

'resu1ting in the survival of both 

(Despommier 1976). 

the nematode and the host cell 

1 
'\ 
l, 

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

only now being uncovered and explored and a precise understanding of 

the functional interactions of the host muscle cell with the parasite 

is still lacking. 

, \ 

( 

" 
~ , 
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B. ALTERED IMMUNOLOGICAL RESPONSIVENESS IN TRICHINELLOSIS 

INTRODUCTION 
\ 

The immunology of parasitism offers the immuno-parasHologist 

numerous opportunities for t'ne elucidation of fundamental immunological 

mechanisms. Many features of the hos't--parasite relationship at the 

immunological level remain poorly undeptood at this time. The nature 
1 

and effecti veness of the efferent arc of the immune response have not 

16 

been well co;related with thb various modes of antigenic stimulation by 

parasites. The origin and nature of functional parasite antigens and 

their significance in stimulating an immunological response 9uring inter­

specific and intraspecific competition between parasites in the host have 

not been adequately determined. 

Parasites can survive in the potential1y hostile'environment 

of the host1s immunological system and it is reasonqble to assume that 

they shoul d have evol ved mecharii sms ta evade the hast r,esponse. Sorne of 
-

the mechanisms by which paras1tes avoïd the immUnolog;y!al response'of 

the host have recently been di scussed by Hudson (1974 and Capron et ~. 
'/' (1976) . 

Schistosomes a'hd probably other metazoan and protozoan parasit,es c 

may reduce the antigenic disparity bet\'/een parasite and host by the ,a1ui­

sit;on of host substances on the Isurface of the parasite or by the endoge­

nous synthesis of host-likë antigens (Smithers and Terry 1976). Parasites 
o , 

such as trypanosomes, sporozoafls and sorne pi ropl asms undergo anti genic 

variation in which the expression of cell surface antigens ma,}' change under, 
,il 

the influence of the immun'e response of the host (Brown 1976). tt 

Othér parasi tes such as 1. spi ral i s or Echi'nococcus ~., may , 

. evade the immune r~sP9nse, of the host by the process of encystment~ whiçh 
1 

" 

:f 
'1 
.~ 
,~ 

.'. , , 
t 
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serves to iosolate the parasite fram an attack by the ce11uiar or humoral 

components of the irnmunological system. Still other parasites such as 

Leishrnani q spp. and Toxop1asma have evo1ved mechanisms for surviving 

intr~cell u1 ar1y in host ti ssues. 

17 

A fifth and hi gh1y effective mechani sm for evasion of the immune 

response resides in a specifie alteration in the immunological r~sponsive-
li \' 

ness of the host to antigeric stimulation by parasite immunogens. Sup-

pressi,on of immuno1ogical responsiveness by microorganisms such as v,ir,uses 

and bacteria is well documented and has recently been reviewed by Sa1aman 

(1969,1970). Floersheim (1969)" and SchwaQ (1975). Huds10n (1973) and 

Capron et ~. (1976) have recent1y attempted to characteri ze the im­

portance of immunosuppression in the evo1ution of the host-parasite 

rel ationship. 

A few of the parasitic diseases in ItJhich suppression of humoral 
'" 

or cell-mediated immune responses to homo1ogous or heterologous antigens, 
1 

or intercurrent parasitic infections occurs inc1ude,: 

1) Trypanosomi asis (Goodwin et~. 1972; Greenwood et~. 1973; 

, Greenwood 1974; Mansfield and Wallace ,1974; 

Murray e,t ~. 1974; Urquhart et ~. 1973; 

Voller 1972) 

2) Toxoplasmosis (Huldt et ~. 1973; Strick1and et~. 1972; 

Strick1and et~. 1973) 

3} leishmaniasis (Cassimos et~. 1969; Chung anq Reimann 1930; 

Cl i nton et ~. 1969) 

4) Malaria 
\ 

(Abde1-vJahab et ~. 1974; Barker 1971; Barker 
J ' 

and Powers 1971; Greenwood et al. 1971; 

Greenwood 1974; Krettli and ,Nussenzwei 9 1974; 
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5) 

6), 

7) 

81 

Amoebiasis 

Babesios;s 

Schi stos'omi as i s 

Ascariasis 

.~ 

Loose et ~. '1972; Salaman et al. 1969; 
1 

Senger et M. 1971) 

(Orti z-Orti z et~. 1975) 

(Phill;ps and Wakelin 1976) 

(Capron et ~. J976) 
r 

(Cranda11 et ~. 1976) 

, - '\ 
\ " 

Rese.arch in this f/ield has been mostly pbenomenological and we 

are.sorely in need of experimentation that"""\V'f11 help to clarify the 

mechanisms of immunosuppre.ssi,on as well as aid in our un1erstanding of 

the importance of this phenomenon in the evoluti~n and maintenance of 

the host-parasite relationship., 
"" . 1 

A number of st4dies have begun to take a mechanistic approach. 
, 

li!. vitro studies by Criswel1 et~.· (1971) have shown that malaria 
Q 

infections enhance the abi1ity of mouse peritoneal macrophages ta take 
, 

up parasitized erythrocytes, but their abil ity to function eff~ctively 

in 'other wàys ; s dimi ni shed. Lo6se et-~. (1971) found that peri toneall 

macrophages from mice infected with~ma1aria were ineffective in de~oxifying 

endotoxins, and LOQse et~. (1972) showed that these cel)s were unable 

" to functi pn norma 11 yin the i nduct ion lof an immune respgnse. Murray et 

al. (1974) demonstrated that in Trypanosoma brucei infections, the mano-
- 1 

• 1 

nuclear phagocytic system was functionally intact but that there was a 

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

antigens was completely suppressed whi1e the T-cell response was normal. 

These authors suggested that immunosuppression in l. brucei infections 

might lbe due ta the stimulation Qf a population of suppressor T-cells. 
" 
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Sufficient evidence is nat yet avaf'lat51e to c1early indicate 
~ 

the meehanisms by which parasites can modu1ate hast immunologica1 re-

sponsiveness, but a number of thearie~ have beèn suggested. These ine1ude 
o 

the specifie induction of to1erance to parasite antigens (Jarrett 1971); 

anti genie competi tion (Goodwin 1970; L~binieeki and Cypess 1975); non-

specifie activation of immunoglobulin synthesis leading to inhibition of 

subsequent immune responies (Urquhart et,!L. 1973); a breakdown in the 

cooperation between the macrophage, T-cell, and B-ce11 components of the 

humoral response (Terry et ~.- 1973); and the speci fi c induction of 

suppressor cell function- (Murray et al. 1974). Suppression of immuno--- , 

logica1 responsiveness may a1so occur by the excretion or secretion of 

immupos!lppress ive or cytotoxic substances by the paras ite (Faubert and 

Tanner 1975; Faubért 1976; Ackerman and Faubert 1977; Capron et,!L. 1976). 

Further detail ed investigation will be requi red in order ta 

clarify the relevanee of these proposed mechanisms in the immuno1ogical 

unresponsiveness generated by many parasitic infections. 

;1 

.,' 
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IMMUNOSUPPRESSION IN TRICHINELLOSIS 
" 

Evidence that infections with T. spiralis can induce a state of 

immunological unresponsiveness to hetero1ogous antigens, a11ografts, and 
, J 

viral infections has been supplied by a number of studies. Immunosup-

pression during Trichine110sis has been characterized by an enhanced re~ 

tention of skin allografts in mice (Cherniakhovskaia ~t~. 1971,1972; 
c 

Faubert and Tanner 1975; Ljungstrom 1976; Svet-Moldavsky et ~. 1970) ( 

and heart a110grafts in mice (Ljungstrom 1976); by a suppression of comp1e-

ment-fixing and neutralizing antibody responses to Japanese B Encephalitis 

virus (JBE) in, mice (Cypess et ~. 1973; Lubinieck et~. 1974; Lubiniecki 

and Cypess 1975), the hu'moral antibody response of mice ta Vaccinia virus 

(Chimishkian and Ovumian 1975), and the humoral and ce11-bound antibody , 
responses of mice to sheep erythrocytes (Barriga 1975; Faubert and Tanner 

'" 
1971!t 1974; Faubert 1976; Lubiniecki et iL. 1974; Lubiniecki and Cypess 

1975); by pathological changes that occur in the lymph nodes of mice during 
q (" -

t",various stages of the infection (Faubert and Tanner 1974); by the 1euco-

agglutinating and cytotoxic characteristics of the serum of infected mice 

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

cells ~ vitro (Faubert and Tanner 1974; Faubert 1973); by the fai1ure of 

spleens cells from infected donor mice to induce Graft vs. Host reactions 

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

bone marrow cel1s from infected anima1s to reconstitute immunological 
1 

competence in thymectomized and 1etha11y irradiated mice (Faubert 1973; 

Faubert and Tanner 1974). 

Immunosuppression during experimenta1 Trichinellosis has also 

been characterized by an increased susceptibility ta Japanese B Encepha­

lit;s (JBE) and Encephalomyocardial (EMC) viruses in mice and rats re-

J 
{ 
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" , 

spectively 

1974) and 

(Gypess 

Vaccinia 

et al. 197i; Kilham and Olivier 1961; L~binieck; et al. 

virus in rrfice and rabbits (Chimishkian and Ovumian 

1975). 

['Nematode infections, such as Trichi.nellosis,o that.involve the 

systemic migration of larvae, have the abi1ity to enhate the virulence 

of concurrent viral infections. This phenomenon has recently been re­

viewed and the enhancement, of viremia has been attributed to me1chanical 

traumatization of the target tissues of the virus during migration of the 

nematode 1arva (Hoodruff 1968). 

Ki1ham and Olivier (1961) have reported that rats infected with 

1.' spiralis were more susceptible to disease and death caused byencepha-
-

lomyocardial,virus (EMC) than normal rats. More recently, Cypess et ~. 

(1973), Lubiniecki et!L. (1974), and Lubiniecki and Cypess (1975) have 

extended these observations and demonstrated a synergistic action of in­
fections with 1. spiralis on JBE virus in mice. InoculatiJn of mice with 

.!.. spiralis seven days before peripheral challenge with JBE virus, in­

creased the suscept i bi l i ty of the mi ce ta fatal CNS di sease. Mi'ce cha 11 enged 

twenty-one or twenty-eight days after infection with 1. spira1is showed a 

similar susceptibility to the virus as the uninfected controls. The 

1evels of complement fixing and nuetralizing antibodies 'ta JBE virus were 

significantly reduced at bath seven and twenty-eight days after infection 

with T. spiralis. 

Cypess ~t~. (1973) and Lubiniecki et ~. (1974) did not find 

any direct j8vidence for mechanical traumatization of the target tissues 

of the virus by the migration of T. spiralis larvae, to the muscles of 
\\ ' 

the host~ A1though infection w~th 1. spiralis was shown ta cause ele-

vated levels of RES activity (assayed by carbon clearance) at fourteen 
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and twenty-eight days after infection, this. activity, as well as the sup­

pression of ~ntibody response, failed to corre1ate with the peak of en-
t ' 

hanced susceptibility ta the virus that occured at seven days after in-
• a 

fection. Cypess et al. (1973) concluded that lIincreased corticosteraid 

levels, suppression of the humoral response, or changes in the fixed 

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

-
. ,~.potentia1 mechanism for ~ncreased susceptibility of 1. spiralis- 1 

infec.:ted mice ta JBE virus ll
• ) 

A number of possible mechanisms may be operative in the immu~o-
r 

logical unresponsiveness observed during Trichinellosis in mice and rats,. 

Lubiniecki and Cypess (1975) studied the suppression of the antibody 

response to JBE virus and sheep erythrocytes in detail and sug est that 

their data are consistent with the hypothesis of sequential an igenic 

competition as proposed by Pross and Eidinger\ (1974). thors 

suggest that the mechanism of antigenic competition may reside in an 

alteratio~ of the marirophage cell membrane receptors, thereby~nterfering 

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

Faubert (1976) has also discussed the mechanism of antigenic'competition 
\ , ' 

in relation to immunosuppression in Trichinellosis and suggests that 

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

induced suppression as proposed by Kerbel and Eîtiinger (1971). 

Other possible explanations and mechanism~ have been proposed 

'" to account for immunological unresponsiveness in Trichinellosis and these 

inc1ude: 

1) The presence of agglutinating and leucotoxic factors in 

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

(Faubert 1973; Faubert and Tanner 1974, 1975). 
) 
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.. 
2) The secretion of immunosuppressive factors by th~ newborn 

.> 

larvae of I. spiralis (Faubert 1976; Ackerman and Faubert 1977). 

3) A reduction or d~pletion of the thymus derived, antigen re­

active T-~ell population in infected hosts (Faubert and Tanner 1974; 

Ljungstrom 1976). 

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

infected mice (Jones et ~. 1975). 

..... 

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

,; has indicated that immunosuppression in Trichinellosis may be associated 
.. \ 

~ith an immunosuppressive factor secreted by a specifie developmental 

stage in the life cycle of .1. seiralis. Faubert (1976) has shown that 
, 

the newborn larvae of 1. spiralis can secrete substances in an in vitro 

culture system that can diffuse through a Mil1ipore membrane (O.45u) and 

suppress the induction of an in vitro antibody response to sheep erythro­

cytes. Aç:lult \vorms or muscle larvae failed to suppress the humoral 

rèsponse in this system. 

More recently, Ackerman and Faubert (1977) have shown that in 

mice inoculated intravenously with either viable or freeze and thawed, 

non viable newborn larvae, the splenic plaque forming cel1 response ta 

sheep erythr~cytes i 5 reduced by 50~~ or 80% respectively? as compared to 
, 

sham-injected contr'ols. 'This immunosuppression occurred when mice ~,.ere 

challenged with sh'eep erY1frocytes only four days after inoculation \'/ith 

the ne~born stage of 1. spiralis. 

Maximum immunosuppression during the natural course of infection 

with T. spiralis occurs at fourteen days after infection and is correlated 

with the ,migration of ne\..,born larv,ae ta the muscles of the host (Faubert 

1976). These resu1ts suggest that the newborn larvae may be capable of 

/ 
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actively suppressing the immunological response of the host by secreting~' 

or excreting toxie or immunosuppress;ve factors. 

The isolation, purification, and identification of these sub~tances 

will aid in our understanding of the mechanism7 of ;mmunosuppress;on in 

Tri chi ne 11 osi s. 
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IMMUNOPOTENTIATION IN TRICHINELLOSIS 

ln eontrast to the immunosuppressive effeets of 1. spira1is,~ 

number of studies have demonstrated ihat this nematode can induce astate 
'< 

of non~sp~cifie resistance to heterologous bacteria~ protozoa and tumors 

(Table 2.1). In view of the known immunosuppressive effects of this 

'infection on humoral immunity, th; s stimul ation of host immunity probably 

manifests itself in the form of a non-specifie potentiation of ce11-

mediated immune mechanisms (Cypess et ~. 1974; Meerovitch and Ackerman 

1974). 

Cypess et~. (1974) have shown that mi ce i nfected wi th T. 

spiralis show enhanced resistance and prolonged survival to intravenous 

or intraperitonea1 injections of Listeria monocytogenes. Mice Were 

chal1enged with L. monocytogenes at 7, 21 or 49 days after 1. spiralis 

infections and enhaneed resistance to bacteria1 infection was evident at 

7 or 21 days, but was abrogated after 49 days. The livers of coneomitant1y 

infected mice har~ored signifieantly fewer viable bacteria than control 

mice. The LOso;fof helminth infected animals~wa~ approximat~ly 8 fold 

higher than that of controls without T. spira1is at 7 and 21 days after 

infection but was id~ntical by day 49. Increased survivpl time of 

nematode-inFectedmice was evident at 7 and 21 days af~er I. spira1is 

infection but not at 49 days. In addition, the reduced susceptibi1ity 

to the bacterial infection was independent of the challenging dose. An 

enhaneement 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. spiralis infections - , 

(Cypess et ~. 1974). The lad of correlation between enhanced RES 
,c 

activity (carbon clearance) and immunity to'infection by intrac~llular 

l' 
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TABLE 2.1 

~ , 
IMMUNOSUPPRESSION AND IMMUNOPOTENTIATION IN EXPERIMENTAL TRICHINELLOSIS 

IMMUNOSUPPRESSION --------------------------
1 

1) Increased suryival time of Iskin and heart allografts. 

2
1

), Fail ure of parental spl een cells from infected animal s to 

induce Graft vs. Host reactions in Fl hybrids. 

3) Suppression of cell bound and humoral antibody responses 

to sheep erythrocytes. 

4) Suppression of humoral antibody response to Vaccinia virus. 

5) Suppression of primary and secondary IgG responses to JBE virus. 

6) Enhanced suscepti bil ity of mice and rats to JBE and EMC vi ruses. 

7) Enahnced suscep~;bil'ity of mice and rabbits to Vaccinia virus. 

8) Transient suppression of DTH response to BCG. 

9) Immunological incompetence of Bone Marrow cells in the reconstitution 

of thymectomized, lethally irradiated mice. 

IMMUNOPOTENTIATION --------------------------

1) Decreased susceptibility ta Listeria monocytagenes in mice. 

2) Suppression of Trypanosoma lewisi parasitemia in rats'. 

j 3) Inhibited develapment of Erysipelothrix insidiosa in rats. 

,4) Potentiation of cell-mediated (delayed type) hypersensitivity to BCG. 

0 5 ) Decreased incidence of spontaneous mammary carcinoma i,n mice. 

6) Partial inhibition of the induction and development of Sarcoma-180 

Ascites tumors in' mi ce . 

7) Anti-neoplastic activity towards 8-16 t~elanoma and Lewis Lung Carcinoma. 
1 

8) Stimulation of RES fixed macrophage phagocytic activity in mice. 

9) Cytostatic effect of mouse peritoneal macrophages on R1 Leukemia 

cells in vitro 

10) Enhanced longevity of Swiss mice. 
1 

26 

;. 



1 

4 Ji 

\ ,. ' 

"'1'\'-~<I·t·"·~"_~~>T<~r_,.,, __ ~~""*J4i1:Jmt_ 'iI'f~"~"''l!I,iII!Ii :::«>;;W;:!<l'" .!'M~~~!!i'lIM!!J_tœ::z:l:loMtsut:."",,~ 

27 

.. 
parasites has been reported previously (Lucia and Nussenzweig 1961; Ruskin 

";'~t ~. 1969)\ 

Cypess et~. (1974) failed to detect any serologic1î'l or anti­

genic cross reactivity between l. spiralis and h. monocytogene? These 

authors have suggested that protection may be due to the activation of 

macrophages by T. spiralis infections, but make no conclusions as to the 

stage of infection (entera1 or parenteral) responsible for this effect 

or whether the activation is of a specifie or non-specifie origin. A 
-\ 

similar increase in anti-baeterial resistance (due to non-specifical1y 

actiyated macrophages) and humoral immunosuppression, has be\en shawn to 

occur during Grafts vs. Host reactions in mice (Blanden 1969) . . 
Cypess et~. (1974) and Molinari et~. (1'974) have shawn that 

infections with 1. spira1is ean potentiate a cell-mediated immune response 
\ 

to BaciH'us':Ca1mette Guérin (BCG). Cypess et~. (1974) inoculated mice 

with 200 larvae of T. spiralis 14 days after intravenous administration 

of a sensitizing dose of BCG. 1 Th~se miee were tested for 24 hour de1ayed 

type hypersensitivity (OTH) footpad responses to 01d Tubercu1in (OT) at 

14; 20, 29, 57 or 85 days after infection with 1. 'spiralis. An initial / 

suppression of the c1assical ce11-mediated immune response to BCG was 
\ 

observed at 14 days and cell transfer studies suggested that there was 

a defeet in the adoptively transferred spleen cells, rather than in the 

physiological state of nematode-inteeted donors or recipients. There 

was an enhanced OTH response to OT in BCG-sensitized, parasitized miee 

at 20, 29, 57 or 85 days after infection as compared to BCG-sensitized 

controls. 

Mo1inari et al. (1974) sensitized mice with BCG fram 14-112 

days after oral infection with 200 T. spira1is larvae and found t~at there 

J 
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was an enhanced DTH footpad response to OT at all times in 1. spiralis -

infected mice as compared to non-parasitized cQntrols. Thus Cypess' et 

al. {1974) and Molinari et al. (1974) have shawn that a potentiation of -, ---
CM! ean be accomplished by infecting miee with I. spiralis either before 

or after prolonged periods following a~ministration of the sensitizing 

dose of BCG. These authors offer a number of possible explanations for 

these results which include: 

1 ) Increased rep1ieQ tion of BCG leadin'g to increased antigenic 
\ 

stimuléjtion. 

('Cypess et ~. 1974) 

2) Non-specifie activation of the RES. 

(Cypess et al. 1973) --

3) Enhancement of T-eell function. 

(Miller et~. 1973) 

Molinari and Cypess (1975) have examined the possibility that 

increased bacteria1 replication might lead to enhanced antigenic stimu­
\ 

lation. These authors ruled out this possibility when they found that 
~ . , 

infections with 1. spiralis enhanced the abi1ity of mice to respond to 

, both viable and heat-kil1ed BCG. In the case of heat-kil1ed BCG, the 

potentiation seemed to be route dependent (i.v. or i:p. inoculations were 

successful,whereas s.e. ~inocu1ation was unsuccessful). The fact that T. 
\ 

spiralis potentiated a response against non-viable BCG suggests that this 

nematode has a marked adjuvant-1ike effect on cel1-mediated immune responses. 

Infections with 1. spiralis and a number of other metazoan ,and 

protozoan parasites have been reported to part~ally inhibit or comp1etely 

suppress the development of spontaneous as well as experimenta1 tumors in 
, 

m;ce and rats (lubiniecki and Cypess 1975; Molinari and Ebersole 1976; 
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Kagan ,et ~. "968; Weatherly, 1970; Keller et ~. 1971; and Capron et ll. 

1972) . 
. 

Lubiniecki and Cypess (1?75) found t,hat 1. spiralis infections 

lengthened the incubation period and surviva1 time of mice injected with ,--" --"~) 

Sarcoma-180 Ascites tumor ce11s. The phenomenon was not, Qbserved when 

mice were challenged with tumor cells 56 days after infection'with 1. 

spiralis. This temporal ,patt~rn of immunopotentiation'is consistent with 
\ ' 

the immunosuppress;on, enhanced RES activity and increased resistance to 

h. monocytogenes that ;s observed during Trichinellosis in the mouse (none 

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

et ll. 1974). However, the enhanced response to BCG does not correlate 
1 

with this temporal relationsh~p (Molinari rt~. 1974). 

There are a number of possi~le explanations for the antineop1astic 

activity of 1. spiralis. Infections vlith this nematode may activate macro­

phages at the systemic or peritoneal level and these cells may have 

phagocytosed and killed more tumor cells than wou1d occur in normal mice. 

A significant cytosta~ic or cytatoxic effect leading to a reduction in the 

size of the tumor cel1 inaculum might account for the increased incubation 

period (Lubiniecki and Cypess 1975). Old et~. (1960, 1961} have published 

similar results ta those abo&e in ~s mice given BCG followed by S~rcoma-
180 or Ehrlichls Ascites tumors. In view of the known ability of BCG 

! 

(Old et~. 19?1) and T. spiralis (Ackerman and Meerovitch 1975; Meerovitch 

and Bomford 1977) to activate macrophages, and the similarity of their 
1 

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

~ agent~ inhibit neoplasia by a common mechanism of activation of macrophages. 

Lubiniecki and Cypess (1975) also suggested the possibility that 

humoral immunosuppression during Trichinel10sis might lead ta a decreased 
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p~oduction of "blocking antibody". This is unlikely, however, be'cause 

immunosuppression is transient in the mouse (Faubert 1976) and is no lon'ger 

evident at 28 days after oral infection with 200 1.. spira1is larvae. 

Weatherly (1970) has reported an increased host survival and 

lawered incidence of spontaneous mammary carcinoma in outbred Sw;ss mice 

that were infected \'Jith 1. spiralis at 8 weeks of age. It is difficult 

. ta determine whether the mechani sm of th; s enhanced l ongevity a~d sup­

pression of spontaneously occuring neop1asia is similar to that discussed 

~"" above because a direct comparison of the two systems is not possible. 

One study employed the use of 1 arge numbers of tumor cell 5 whil e the other .. 

was hypothetically employing extremely small number of spontaneously 

occuring tumor cells (Lubinieck; and Cypess 1975). 

Kagan et~. (1968) have similarly shawn that the development 

of spontaneous mammary carcinoma in mice is inhibited when the mïce are 

>\ i nfected with Trypanosoma cruzi. The proporti on of i nfected m; ce tliat 
1 

developed mammary tumors was significantly less than in non-infected 

, ,/ control mice although the difference in morta1ity,. \'/eight gain,. and on- l, 

',<--*/1 set ofl neoplasia were not significantly different in ;'those parasitized 

~r non-parasitized mi~e that diS develop tumors. The authors suggest that 
Il 

these results might be due to a non-specifie stimulation of RES activity 

by 1. cruzi infections. 

'-" 
Molinari and Ebersole (1976) have continued to investigate the' 

anti-neoplastic activity of T. spiral is. They have assessed the effects 

of short term and long term (6 months) infections 't/ith 200 1. spiralis 

larvae~ on the induction,and progression o-f the transplantable murine" 

tumors 8-1,6 Melanoma, and Lewjs Lung Carcinoma. In experiments using S"'-

1 16 Me'lanoma, all control m;ce deve10ped tumors by day 28 and died within 

v, 
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60 days of tumor chall enge, whereas none of the nematode-infected mice 

showed any signs of neop1asia. Similar results w~re obtained with Lewis 

Lung Carcinoma inbng term, 6 month. infections with 1- spiralis. but 50% 

of the animals with short term infections of 1- spi ral is died from pro-

. gress i ve tumo r growth. These results suggest that a well established, .. , 

chronic, intracellular muscle infection with,:J. spiralis is capable of 

s ti mul a t i ng hos t an ti -neopl as ti c acti v ity. 

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 1. spiralis-

infected mi ce and normal mice on Rl Leukemià cell s i.!!. vitro. The results 
i 

suggest that peritoneal/ macrophages fram mice infected with 1. spiralis 

,are cytostatic for Rl Leukemia cells i!!. vitro from 6-36 days after infec-
,0 _ 

tioJl. This effect may be dependent upon the dose of 1. spiral is, as well 

as the timi'ng of various stages of the l He cycle of the parasite in the 

" hosto , 
Thus we have evidence in vi tro that 1. spi ral is is capabl e of 

stimu1 ating a cell-medi ated immunity in the form of non-specifica 11y acti­

vated macrophages. It is highly possible that these activated macrophages 

are also active l!!. vivo as effector cells in the potentiation of immunity 
, 

towards T. lewisi. h. monocytogenes. BCG, and experimental or spontaneous 

neoplasms. Further study is needed, however. ta clarify,these results. 

A number of other he1minths have been showrl to stimulate humoral 

and cell-mediated immunity (S'chistosoma sp., ]richostrongy1us,colubr'iformis. 
" 

Ascaris suum, and Nippostrongy1us brasiliensis)(La~sh 1967; ~oulsby 1970. 

1972). Under certain conditions, ,infections with li. brasjl iensis have been 

shown to potentiate the reagin response to previously administered immunogens 

, , 
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sueh as egg1a.lbumin and con 'albumin ,(Orr et al. 1971; Orr and Blair 1969; 
,,*. --- , \ 

Ja.rrett 1972; Bloch et.tl,. 1973). This potentiation.was s~own ta be of a 

Sl1o~ duration and di d not ,inval ve. immunoglobul in cl a~ses other than IgË ,4; 

(Bloch et al. 1973). The'potentiation of cell'ular and humoral il1lllunity by 
,'1':-- " , 
'.other 'tJarasites has not been thoroughly investigated. 
f, ~ j 

The cHnital significance of these parasite-induced immunological 

" altera~ions in "the host response ta infectious agents and neopl asia will 

~:>nly ~ 'resolved by f~rther study in this area. 
• a 
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CHAPTER 1 II 

TRYPANOSOMA LEWISI =- A LITERATURE REVIEW 

A. THE\ TRYPANOSOME 

INTRODUCTION AND TAXONOMY 

hl dan 
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Trypanosoma (Herpetosoma) l ewi s; (Ken,t, 1880), Laveran and Mesnil 

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

first noted over 100 years aga (Laveran and Mesnil 1912; Hoare 1972). T. 

lewisi is the most extensively studied species of the Genus Trypanosoma, 
, . 

due to its wor1dwide distribution, easy accessibi1 ity in the host and ease 
1 

of maintenance in the l'aboratary. It is a150 considered to be the type-
, 1 

species of the non-pathogenic trypanosomes of rodents. 
o 

Taxonomically, 1. lewisi is c1assified as fo11ows: (Hoare 1966) 

Phyl um Protozoa1' 

Sub Phylum Sarcomasti gophora' , " 
l , 

Super Glass Mastigophora 

Class Zaomastigophorea 

Order Kinetop1 astida 

"-
Sub Order ;: Trypanosomatina 

Family Trypanosomati dae 
L 

Genus Trypanosoma 

species l ewis i 

• 

" 
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LIFE CYCLE AND COURSE OF INFECTION 

The life cycle of T. le~Jisi has been descnbed by Minchin and 

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

'" The vector and intermediate host for T. lewisi is the'" rat flea, 

most common1y Nosopsyllus fasciatus in temperate zones and 'Xenopsylla Cheopis 
1 

in tropical and subtropical zones. 

After the flea ingests infected rat blood, the parasites undergo 

a cyc1ical development in the stomach and then the rectum of the flea. Ap­

proximately 6 days are required for the development of infective metacyclic 

trypanosomes, which appear in the rectum and feces of infected fleas (Minchin 
" \ 

and Thomson 1915).- Infection of the vertebrate host, usually Rattus rattus 

or Rattu~, norvegicus, 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 viSCeraj-CaPillaries 

where they develop and reproduce extrace11ularly. 
, 

.IExperimental infections of the rat are initiated by intraperi-

tonea1 or intravenous injection of infective, dividinJ epimastigote stages 

or non-dividing, adult trypomastigote stages from the b100d of infected 
• ; 

animal s. 

, j 
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B. IMMUNOBIOLOGY" OF TRYPANOSOr.1A LHII SI 

ACQUIRED HUMORAL IMMUNITY 

Differences,exist in the intensity and length of parasitemia, 

the 1ength of the reproductive period, and the immune response to infection 

depending on thè strain of.I. 1ewisi, the strain or species of r,at host, 

host age, sex and diet, and the presence of concomitant 1nfections. (For 

a comprehens i va revi ew of these factors, see D ~~andro, 1970; Concomi tant 

infections are reviewed in Chapter IV)'~ , 

Experimental and natural infections with T. 1ewisi disp1ay a 

number of common features and these have been described by Ta1iaferro (1926) 

(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 

fntense reproductive activity. Parasitemia rises sharply to a-peak between 

days 7 and 10 after inoculation of the infective stages. During the loga­

rithmic growth phase, the'intensity of reproductive activity is measured 
, 1 

by determining either the percentage of dividing trypanosomes (epimasti­
\ 

gotes and developmental forms cl early not adul t stage trypomasti gotes) 
JI 

(Ta1 iaferro et~. 1931) or by a more sensitive technique that measures 

the coefficient of variation (CV) in ,th_elengt~s of trYPëlnofome~,,- The 

latter technique provides a ~tatistfcal index of reproductive activity 
- --(Ta1iaferro and Tanaferro 1922). The'trypanosomes reproduce by unequa1 

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

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

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

vari~bility in length during this period. Wh en the CV is high (20-25%), 

the(rate of reproductmn is high. ~lhen the CV is low (3-5%), reprod'uctive 

___ ~.,.., .. ~ •. .,...-. """~",""=,-=<,,..,,,",...p,t',..,,,,,.... ______ _ 
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l, 

~ 



-- --- ------- ---- -
~:;. 

~-...,..~..-:-\~.---~- - - -- ~ --- ~---
, , 

\ 
\ 

.. 
l\ ,~ 

\ 
---- FIGURE 3.1 

''\.. 

THE COURSE OF T. "LEWISI INFECTIONS 
t 

IN THE RAT 

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

the rat ~howing changes in the numbers of trypanosomes and "the coeffi­

cient of variation (CV). The numera'rs indicate the three pri'rnary mani­

festations of acquired humoral immunity. The letters indicate the stage 

of parasite development (Modified and redrawn from Tal iaferro 1926). 

.. 1) Inhibition of parasite reprodOction by ab1astin as 

ref1ected by the decline in the coefficient of variation 

2) The first cris,is in which the majority of trypanosomes 

are destroyed by the 1~ trypanocidal antibody which 

is specifie for di vi sion stages , 

3) The terminal crisis eaused by the 2nd trypanocidal 

antibody which is specifie for non-di viding adult 

stages 

A) Act;vely dividing trypanosomes (epimastigotes and 

developmental forms 

1 

B) Non-dividing, inhibited adul t stages (trypomastigotes) 
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activity ceases and the uniformity in trypanosome size 

dividing "adult" or inhibited populat5on. 

As the parasitemia rises, the CV or percentage dividing form~ 

decreases due to the production of a reproduction inhibiting arrtibody 

~a11ed abl~stin (Taliaferro 1924). After approximately 10 days, when 

~eproductive a tivity has practically ceased due ta the presence of ablastin 
\ 

5), a crisis occurs during which the majority of division-

form try nosomes are ki11ed by a trypanocidal antibody (Coventry 1930). 

that survive the action of the first 

rema in in the b100d stream of the host fÇJr a few , 

weeks to a few months, but are unable to reproduce because of the presence 

of abl asti n. j 

The infection is terminated either gradua11y 'or suddenly by a 

second trypanocidal antibody (Coventry 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 ta 
1 

be sterile, and this claim has been upheld by the failure to demonstrate 
\ 

the persistence of T. 1ewisi adult or dividing forms in the kidneys or 

0lher organs and tissues of rats that have recovered from infection (Wilson 

~.! ~1.1973; Targr~tt and Viens 1975): 

The fact that acquired humoral antibodies are responsible for 

the\in~ition of reproduction and the two distinct trypanocidal responses, 
, ~ 

has been well documented by studies on the passive transfer of immune 

serum (Rabi nowitz and Kempner 1899; Laveran and Mesnil 1900; Coventry 

1925,1930; Taliaferro 1924). 

Taliaferro (1924) was the ,first ta demonstrate that a true inhi­

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

" , 
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humoral ~ntibody (ablastin) which was distinct from the trypanocidal anti-
, , 

bodies of the lst and 2nd crisis. Coventry (1925) used .:!!!. vivo titration 

techniques and showed that the titer of ablastin changed during the course 

of an infect; on. The t iter of ab 1 as ti n illcreÇl.sed dur; ng the 5th and 6th 

day of infection. reached a peak after the lst crisis, and dec1ined during 

the remainder of the infection. Studies by Taliaferro and others have 
1. 

continued to confirm and extend these observations (Ta1iaferro 1932, 1938; 

Ta1iaferro et al. 1958; D'A1esandro 1959, 1962, 1966, 1972, 1975;Taliaferro 

and Pizzi 1960). 

Acquired humoral immunity to l... lewisi' in the rat ho st can 

therefore be divided into three distinct antibody responses: (see Fig. 3.1) \ 
1 

1) Ablastin - Inhibition of parasite reproduction. 

2) lst Trypanocidal Antibody - causes 1st crisis 

( and is specifie for division stages. 
1 

3) 2nd Trypanocidal Antibody - Terminates the in-

fection and is specifie for non-dividing adult 

stages. 
, 

As far as can be tested, jhe titers of these three antibodies 

can vary independent1y du~ing the infection (Cove~try 1925, 1930; Taliaferro 

1932,1941). In addition they al1 Ifave distinguishing physicochemica1 and 
1 

immunological properties and the se have been described extensively by 

D'Alesandro (1959, 196j, 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 

Passively transferred 

Removed from immune serum by 
adsorption with 1 iving trypanosomes 

Trypanosomes sensiti zed by 
exposure to antibody 

In Vitro activity 

High degree of specificity 
for 1. lewisi antigens 

a) 8100d stream forms 
b) Culture forms 

Opsonizing and Agg1utinating 
activity .ir! vi tro and in vivo 

Complement Dependent 

E1ectrophoretic Locus 

Sedimentation Constant (Svedbergs) 

Immunogl ohul in Cl ass 

+ = YES 

- = NO 

R = REVERSIBLE 

IR "= IRREVERSIBLE 

ABLASTIN 

+ 

+* 

1 +R 

+ 

+ 

Between 
B&y 

G1 obul i ns 

6S 

IgG 

f 

* = D'ALESANDRO 1976, persona1 communication 
\ 

(MODIFIED FROM D'ALEgAN~RO 1959, 1962, 1966, 1970) 

1ST TRYP 2ND TRYP ---
AB AB 

+ + 
" 

+ +. 

+IR +IR 

+ + 

+ + 

+ + 

+ \+ 

Between Between 
S&y B&Y 

G10bul ins Globulins 

6S 16S 

IgG IgM 

.. 
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CELL-MEDIATED ASPECTS OF IMMUNITY 

Until recently, research concerning the immunological response 

of the rat ta 1: lewi~ has failed to provide positive evidence for the 
, 

role of cel1-mediated immunity in contro11ing infections with this para-

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

1ysed or agglutinated parasites from the circulation (Taliaferro 1924, 

1929, 1932, 1938). Laveran and t1esnil (190l) were the first to consid~r 

the poss"i'bility that phagocytosis played an active role in T. 1ewisi in­

fections, after they ob~erved phagocytosis of trypanosomes in the peri­

toneal cavityof actively and passively ,immunized rats. Delanoe (1911, 

/'1912) and Roudsky (1911) came t.o similar conclusions when they observed, 
( . 
t a phagocyt;c response in the peritoneal cavity of mice inoculated with' 

1. 1ewisi. HO\'1ever'lhese authors were actually studying natura1 immun.ity. 

since the mQuse is n rtr.ally refractory to infection. Delanoe (1912), 

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

mi ce that /developed an acquired immunity. These resul ts have been refut,ed 
1 

by other ~orkers (MacNea1 1904; Manteufel 1909; Taliaferro 1924, 1932, 

1938) who stressed the importance of 1ysis and agglutination in parasite 

destructi on. 

Brown (1915) observed agglutinati~n and phagocytosis of trypa-
-

nosomes during the course of infection in rats, and similar obse~vations 

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

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

destroyed principally by phagocytosis and adult stages byagglutjnation 

and m~an;cal removal from the peripheral circulation. 

Règendanz and Kikuth (1927) and Re~endanz (1932) supportedthe 

view that ablastin was the only acquired humoral antibody produced bl the 
J 
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rat against 1. lewis'i and that inhibitio'n of 

fol1owed by the non-specifie phagocytos;s of 

pabite reproduction ~as 
tryp mes. The fact 

that three humoral anti bodies are involved in the con'trol of the in-

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

and specifie or non-specifie ~ell-mediated, responses in eontroll ing in­

fections is difficult to determine. 

It is quite l ikely that several trypanocidal mechanisms are, 

operative during 1. lewisi infections, éspecially agglutination, lysis, 

42 

\ 

and phagocytosis. Ta1iaferro (1932) has suggested that these mechanisms 

may depend upon the titer of the trypanoeidal antiqodies. Thus, lysis 

may occur when trypanocidal antibody titer is high and agglutination and 

phagoeytosis may occur when it is low. There is sorne evidence to support 
1 

this view; 1ysi5 is rarely observed with immune rat serum but..,.occurs 

more eonsistent1y VJith hype~imrnune~rat sera (Taliaferro 1932, 1938). 

There is litt1e doubt that humoral antibody plays a prirnary 

role in trypanocidal activity, especia11y in viewof the fact that try-
\ 

panosomes may require sensitization with antibody before a stimulation 

of mpcrophage activity or other cellular responses can occur Lange 

and Lysenko (1960) have reported that immune serum enhanced the phago-
1 eytosis 0 F 1- lewisi in vitro by pen toneal exudate cell 5, and that 

immune serum absorbed with trypanosomes no longer enhanced this activity. 

Based on these result5, Lange and Lysenko (1960) postulated the presence 

of an opsonin in immune serum. 

Taylor and Becker (1948) observed 1.- lewi si in the Kilpffer 

cells of the liver in pantothe~ate defieient rats, and more recently 

Greinblatt (1973) used electron microscopy to demonstrate the presence 
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of T. lewisi in the spleenccells of i'nf.ected ré!ts. 

Although the trypanocidal mechanism may principally invol ve lysis 

and agglutination, it is obvious from studies such as those cited above, 

that the reticuloendothelial system and macrophages may play an important 

role in the processing of parasite' antigens and in the eventual remo'val of 

parasites and parasite debris From the circulation. The relationship bet­

ween trypanocidal ant'ibody and phagocytosis in the removal of trypanosomes 

froin the periphera1 circulation was studied by Taliaferro (1938) who used 
\ 

passively immunized, splenectomiz;ed and blockaded rats. In these experi-

ments. trypanosomes wère cl ear~ qui ckl y from the blood of pass ive1y immun­

ized normal rats, but there was a small but significant loss of trypanocidal 

ac.tivity in splenectomized and blockaded animals. This result could be ex­

pl ained by a depress ion of phagocyti c function, which mi ght impede the' 

removal of opsonized parasites from the circulation or by a decrease in com-

plement levels which could prevent trypanolysis. The former was shawn ta be 

untrue as trypanosomes sensitized with trypanocidal an~ibody befare injection 

were remOléd\from circulation equally v/ell in sp1enecto-mized, blockaded rats 

and normal rats. A definitive answer to this problem has not been provided~ 

but it is possible that severe reticuloendothel ial blockade may interfere 

with antigen-antibody reactions or plasma opsonic activity (Pisano et ~. 

1968) . 

Patton (1965, 1972) has investigated the l interactions of sera 

and peritoneal exudate cells on 1. lewisi infections bath in vitro and 
\ 

..:!!!. vi vo. He has shown that normal rats and rats immunosuppressed with 

dexamethasone, cou1d be protected against T. lewisi infections only if 
- 1 

treated with both hyperimmune serum and norma'l or hyperinmune peritoneal 

èxudate cell s. Trypanosomes given intraperitoneally in this case, were 

" , 
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detained in the peritoneal cavity, aggl!Jtinated, lysed and phagocytized. 

Patton (1972) a1so observed the iD.. vitro phagocytosis of 1. lewisi in the 

presence of normal and immune sera plus normal or immune peritoneal exudate 

cells·, A quantitative index of phagocytic activity was not provided,in 

these s tud i es. 

Greenblatt et ~. (1972) have demonstrated the abil ity 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 (~-39 days after infection of donors) were capable ~f 
! 

transferring i'mmunity. In an earl ier study, Greenblatt and Tyroler (1971) 

showèd that T. 1ewisi infections produced a marked increase in the per­

c,entage of activated macrophages in the spleens of infected animal s, and i t 

is possible that this population of cells may play an important role in 

either ~ or non-specifie cellular responses to T. 1ewisi. 

The role of activated macrophages and phagocytosis in immunity 

ta -other members of the Genus Trypanosoma has been investi gated recently 

with respect ta infe'l-ctions with Trypanosoma cruzi (Hoff 1975; Kierszenbaum 

et ~. 1973, 1974; Kress et~. 1975; Milder 1973; Mil der et ~. 1973; 

Tanowitz et ~. 1975; Orti z-Orti z et~. 1975) and ~panosoma .fjambi ense 

(Takaya'nagi and Nakatake 1974; Takayanagi et9l. 1974). It is proba<b1e 

-that in the near future, the importan1ce of the interaction between humoral 

and cellular factors in Trypanosomiasis will become evident, and a review 

of the subject has been presented by Maue1 and Behin (1974) . 

-~.- -~----------------~----------~~- ----

( 



------- -

, , 
',(,l a~"".1 ".U 

t 
;, 

; ; , 

., 
:; 

" 
0, 

- - - ~ - -

" - " 
~ " 

, 
~, 

, ':!c~ 
'..~ • I •• I.~ la •• Il • • ;4:_. 

.' , 

FACTORS AFFECTI NG THE INMUNE RESPONSE 

1.) SPLENECTOMY AND RES BLOCKADE 

Splenectomy and blockade of the reticu1oendothelia1 system 

has been shown ta. a ffect the irrmune response of the hos~ ta T. 1 ewi si. 
, 

The spleen of the rat forms a relatively large 'part of the RES as we 11 

as plays an important role in antibody formation and phagocytosis.~ 

Immunosuppressive treatments such as splenectomy and blockade Or other 
, ' 

stress factors that can suppress the activity oof the RES are capable of 
, ) 

. interferi ng with the immune response of the hos t with adverse effects 

on the course of i nfec ti ons. 
. \ 

Splenec,tomY.was first shown to enhance T.. lewisi parasitemia 

45' 

by Regendanz and Kikuth (.1927)., and w~s confirmed by Regendanz (1932) 

who concluded that splenectomy a10ne could induce severe or fatal infec­

tions. Perl a and Marmorston-Gottesman (1930) obtained similar r.esul ts, 
"""'IF -\ 

',~p 

1 
• -~ 

~ 
4 

~ 

and fou,d that autotransplants of 9>Plenfc,"tissue allev-iated the effects ... 

of spl enectorny and reduced othe 'severity of the; nfection. 11 

These and pr-evious studies were complicated by the, presence of 
, . 

latent, concomitant Bartone11a infections. Haleem and Min~on"11966) 

;eported similar enhanced parasitel'nias (without fatalities). but no 

mention was ~made of the tirne of the splenectomy or if the rats were 

free from concomitant Bartonella. Schwetz (1931) performed splenectorny 

during the course of infection, and although division forrns reappeared 

in sorne animals, he concluded that the effect of splenectomy was doubtful. 

Early experimental work on the ef.fects of splenectomy w~re 

complicated by latent Bartonel1a and Paratyphoid infections. Taliaferro 
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et !l. (1931 i re-ex~mi"~the effects of splenectomy in Bartonella-free 
" ' 

ratis and found that:i'n young rats~ splenectomy may 1engthen theOrepro-
. . 

d~ctive phase of~ the, ~ara'site if performed on t~ day of infection. 

Production of' ablastin was not si gnificantly,. reduced ;--but parasitemias 
. 

were higher and infections were of greater duration in splenectomized 
\ 1 

r~ts. Taliaferro et~. (1931) concluded that sp1enectomy of Bartone11a-' 

free rats did not significantly alter the ablastic response. but inter­

f:red with the pr~ductit of the trypanocidal antibod;es. A combination 

of RES-blockade and splenectomy (which yielded maximum ilTUl1unosuppresstpn~ 

effecti~e1y int~rfered wi th ablastin and trypanocidal.,. ant;~OdY produc:iO\ 

in Bartonella-free ,r?ts ('Ta l iaferro 1938) . .. 
The pathogenic infeet-rQrIs with T. lewisi thàt have been attri-

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

1929; Vassil iadis 1930; Perla and Mar!TIorston-Gottesma,n 1930). were most 

p~bab1Y the re~u1 i of the additi onal stress of ~irul ent Bartonella 
li{ 

infections. Ta1 i aferro ét ~. (1931) showed that, fata 1 infections of ,1. 
~ 

lewisi in sp1enectomized rats were a1ways- dùe to concomitant Bartonella 
... 
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2) BACTERIAL ENDOTOXINS 

Pre-treatment of rats with small seriàl doses of bacterial 

endotoxin has been shown ta enhance resistance ta T. lewisi. Styles 

(1965) showed that small serial doses of endotoxin given before infection, 

depressed peak parasitem;;s of 1. lew;s;" whereas parasitemia was elevated 

when a single large dose of endotoxin was given before, or concurrently 

with the i nocul ation of the trypanosomes. Pre-treatment with endotoxi n 

did not aff~ct the prepatent period, but ~ni1nals made endoto*in-tolerant 

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

".l\ Si nger et ~. (1964) found enhanced res; stance of mi ce ta I~-

nosoma rhodes i ense, Trypanosoma congolense, and TrY\2anosomq duttoni when 
" 

endotoxin was administered prior to infection. Goble ana Boyd (1957) 
,,1-

;ai1ed ta show any eff~cts using a different endotoxin and ]'rypanospma 

'congolen5e infections in mice. Singer et'~. (1963) did not find 5i9-

nificant alterations in trypanosome infections when endotoxin was admi-
, . 1 

nistereq. simul taneous 1y wi th trypanosomes. 

Immunopotentiation and immunosuppression during experimental 

trypanosome infections after treatment with bacterial endotoxilils is °not 

clearly understood. Some inyestigators have suggested that~endotoxin, 
" ' 

exerts Hs influence via stimulatlOn of the reticuloendothelial system 

(Thomas 1975; Howard et~. 1958; Rosen 1961). 
,? 

Gable and Singer (1960) 

have presented a rev;ew of the var;ous l' dep~ess the RES in Trypanosomiasis and 
\ 

detaiil ; n Chapter IV. 

, 
agents that can stimulate , 

\ 
this will' be dis,cus'sed\in 

\ 

and 

greater 

Styles (1970) has obta.ined almost identical results ta those of 

, bacterial endptoxjns using the toxin holothurin, a steroid saponin 
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\ 

derived from the Bahamian sea cucum!ter, Actin.opyga agassizi. Pretreatment 

of rats with holothurin increased their resistance to subsequent infections 

-* with 1. lewisi, whereas rolothurin that was administered concurrentlY with 

the trYP~n~tomes caused an enhancement of the infection. Holothurin had béen 4 

shown to inhibit tumor growth in mice (Nigrell i 1975; Sull ivan et ~. i955; 

Sullivan and Nigrelli 1956) and Styles (1970) has suggested that the bi-

phasic effects observed in his study may be due to a stimulation or depres-

sion of RES activity by this toxine 
~'. 1 

Numerous ôther investigators have desoribed an increased re­
) 

sistance to e?perimental infections with a variety of infectious agents 

after treatme~t with killed bacteria (Row1ey 1955; Landy 1956; G1edhil1 
\ 

1959; Hook and Wagner 1959; Brener and card~so 1976; Swartzberg et ~. 

1975; Nussenzweig 1967; Kierszenbaum 1975). 

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

Numerous other factors have been shown to al ter the immune , 

• 

\response of the rat to T. lewisi, many of which are not relevant to this #1 

...",; 

thesis. These inc1 ude the effects of hast age, sex, and diet, X-irra-

diation, immunosuppression, thymectomy, adrenalectomy, hypophysectomy, 

hypoxia, heterèr,ogous anti-1ymphocyte and antithymocyte serd, etc., on 
~ 

innate and acquired immunity. A comprehensive review of these fictors , 

has been presented by D'A1esandro (1970) and more recently by Dusanic 

(1975,) . 
1 / 
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CHAPTER IV 

ASPECTS OF NON-SPEC 1 FIC HOST RES ISTANCE 

TO PARASITIC INFECTIONS AND NEOPlASIA 
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1) 

'A. NON-SPECIFIC RESISTANCE TO UNRELATED INTR4~ELlULAR PARASITES 

A number of detailed studies have recently been conducted on the 
} 

'mechanisms of resistance to phylogenetically unrelated organisms that pro-
1 

duce intracell ular infections, Cross-protection among intracell ular para-
;'" " 

\ 
sites has--been demonstrated with respect ta a number of phy10genetically 

\ divef-se intracellular infectious agents such as bacteria, protozoa and 

vi~uses (see Table 4.1), The demonstration of cross-resistance against 

organ isms tbat are phylogeneticailly and anti geni ca lly unrelat~ sugges ts 

the possiQ.ility that a common mechanism of immunity underlies intracel­

lular infections of al1 types (Remington ~nd Ruskin 1969; Ruskin et li.;, 

One of the common features of the immunologiŒl1 response to 

most intracellu1ar parasites is the non-specific enhaQcement of anti-' 

microbial activity of host macrophages (Mackaness 1964, 1967; Frenke1 1967). 
J 
':> 

The rol e 01 the macrophage in th; 5 type of cell-mediated immune response 

has been investigated in great detai1. Interest in macrophage activity has 

stemmed from the demonstration that there is a cooperation between immune . 
lymphoc~tes, specifica11y T-ce11s, and macrophages. in the effector arm of 

many immuno1ogica1 reactions. It has been clear1y estab1 ished that acq~ired 

resistance to many intracellular parasites requires a two-st~p process in 

which immul1,e T-cells, in the presence of specifie antigens. can e1aborate 
1 • 

h'umoral factbrs (lymphokines) that activate macrophages (North 1973. 1974). 

As q consequence of these specifie interactions, macropha,ges may then 

acquire increased non-specifie microbicidal activity (Mackaness 1969). 
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T~BLE 4.1 - CROSS-RESISTANCE AGAINST UNRELATED INTRÀCELLULAR INFECTIONS IN MICE 

/ 

~f.: 

PRlMARV INTRACELLULAR 
INFECTION: 

.... ~i,-

Tox~ pl asma .9g~on~d~iLj;~ ----------1 
/ 

PROTECTION INDUCEDAGAINST 
THE FOLLOWING INFECTIONS: 

Listeria monocytogenes 
Besnoitia jellisoni 
Sal monell a typhi mur; um 
Cryptococcus neoformans 
Trypanqsoma cruzi 
Mengo'Vi rus 

[ 

Men-go Vi rus 
Toxoplasma gond;; 

L isteria monocytogenes---------, Cryptococcus neoformans 
( 

~, Candida albicans 

Besnoitia jell; son;--------I 
---

Listeria monocytogenes 
Salmonella typhimurium 
Brucella melitensis 
Toxoplasma gondii 
Cryptococcus neoformans 
Mengo ~)rus 

leishmania donovani ~MYCObacterium tuberculosis 
Plasmodium berghei 

Corynebacterium parvum ---------4 

Baci II us Cal mette-Guérin ------1 
(BCG) 

-----

Plasmodium bergh~i 
Trypanosoma cruz; 
Listeria monOëYtOgenes 
Toxoplasma gondi; 

Plasmodium berghei yoeli; 
Plasmodium vinckei 
Babesia microti 
Babesia rodhaini ~ 
Trypanosoma cruz; 

Treponema pallidium [Listeria monocytogenes 

.. "., - ~ 
.. 1 =_~_~"'~f_'", .~ .. -

~ 

,(' 
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Ruskin and Remington 1968; 
Ruskin et.li. 1969 
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Gentry and Remington 1971 
Williams and Remington 1975 
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Adler 1954-, 

N~ssenzweig 1967 
B rener and- Cardoso 1976· 
Swartzberg et al. 1975 

, -,,- -----
o\l 

Clarket~.1976 
Il 

Il 

Il 

Ortiz-Ortiz et.9l. 1975 

Schell and Musher 1974 
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Mackaness (1964. 1967) has qescribed this phenomenon as 

acquired cellular resistance and subsequently has shown that n~nonuclear 

phagocytes from immune hosts are more rapidly activated than macrophages 
\ 

from non-immune hosts (Mackaness l 1970). Activated macrophages that are 

51 

generated during the development of acquired cellular resistance are 

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

lich in th~ nonnal situation coul;; multiply and survive within non- !, 

~tivated cells (Mackaness 1969). Hosts in which a population of these 

activated macrophages exists, become capable of suppressing infections by 

heterologous organisms and the development of spontaneous or experimental 

neoplasms. 

An important factor that is evident in the studies listed in 

Table 4.1 and in the st~dies of Blanden jt!!l. (1966), and Collins (1966), 

:ï is that infectious agents which producr a sustained and chronic tissue 

phase, confer the most pronounced degree of non-specific immunity to 
,tl 

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

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

gondi; and Besnoitia jellisoni produce a chronic and sustained tissue 
----4---- / 

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

/cellularly enables them to produce a long-lived stimulation of hast 

lymphoid cells and activ~ed macrophages. The continuous presence of a- • 
JI"~"" 

population of these cells i~Çinfected hosts might account for their 
\ 

remarkable resistance to a large variety of intrac~lular and probably 

extracell ular invaders. 

The likelihood,that heterologous challenge o~anisms, with a 

predil e~tion for an intra~ell ular existence, are el iminated in resistant 

., 

"", 
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animals by a population of activated, highly microbi cida1 macrophages 

has been tested l!!. vitro (Ruskin and Remington 1968; Ruskin et~. 1969; 
\ ~ 

Gentry and Remington 1971). These authors have shown tha t peri toneal 

macrophage mono1 ayers derived from animals infected wi th Toxop1 asma 1 

gond;i, Besnoitia,je11isoni, and Listeria monocytogenes were more 

resisdnt to necrotization by a challenge with either Cryptococcus 

neoformans or Listeria monocytogenes than macrophage monolayers der;ved 
') CI 
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from uninfected controls. These studies suggest ~hat chronic intracellular 

infection with}l wide variety of"parasites endows the infected host's free 
! 

peritoneal macrophage system with enhanced abi1ity to destroy phy1ogenetic-

ally unrelated organis!1ls in a reaction. that is specifically !ftimu1ated,_but\ 
\ 

non-specifica11y active Î' 

The fact that acquired cellular immunity is med~ated by sensi­

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

h~ersensitivity and cell-mediated immune phenomena, s~ggests the possi-

bi1 ity that comparable populations of lymphoid cells could be appropriate1y 
œ j 

stimu1ated by organisms or factors other than the intracel1ular bél.;Cteria 

or protozoa, to produce non-specifie potentiation of macrophage activity ~ 

and heterologous immunity. This posSibil}ty ha~ been examined by 
\ ' 

Blanden (1969) who has shown that mice undergoing a classical Graft vs. 

Host reaetion are unresponsive to sheep erythrocytes but shOw enhanced 

resistance ta Listferia monocytogenes and Salmonella typriimurium . 
.. 

Goihman-Yahr et ~. (1969) howeve'r, failed to demonstrate enhaneed heter-

ologous immunity in guinea pigs undergoing delayed hypersensitivity ta 
1 

tubercul in, contact dermatitis, or Graft vs. Host reaetions. 

, , 
, 

l,. 
'1 
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B. NON-SPECIFIe STIMULATION OF HOST RESISTANCE TO TUMORS BY PARASITIC 

, -INFECTIONS 

/ 

.... .". 

IX i~ highly likely that non-specifie resistance that depends 

upon macrophage activation extends to many s~sœms other than those of 

bacteri a, protozoa, fungi and vi ruses. For exampl e, a reciprocal res i s-

tance has been reported between chronic Besnoitia jell isoni infections 

and a congenital vi rus induced l euk~mia of AKR mice (Lunde and Gel derman 
,l'J_ 

1971). Hibbs et ll. (l971) have also reported that chronic infections in 

mice with either Toxoplasma gondii or the re1ated protozoan Besnoitia 
l' 

jellisoni confer resistance against transplantable and autochthonous 

tumors. These authors noted significant resistance to the development of 

spontaneous mammary carcinoma and spontaneous 1 eukemia in C
3
H and AKR 

mice respectively. Similar resistance \lias also evident following a chal-

1enge with Friend Leuk~mia Virus and Sarcoma-180 Ascites tumor. Youdim 

. (1976) ha~ described a murine experimental model in which non-specifie 

tumor immunity is mediated
l 

both irl vivo and in vitro by macrop~ages 
, l/. 

activated by Listeria monocytogenes,.., Various other organisms and materials 

have been sho\'1n to non-specifi ca lly s ti mul ate hos t res i s tancetto isogenic 

and autochthonous tumors and this subject has been\thoroughly reviewed 0 -,J' 

'1--
~ 

by Yasphe (1971).' 
\ 

The importance of the activated macrophage as the effeetor 

cell in acquired cellular resistance to intracel1ular infections and 
! 

many neoplasms has been clearly'demonstrated {Nelson 1974). There is 
.~ 

/ a1so.excellent evidence 'that a compara~le mechanism may a150 ope~ate in 

a number of diffeYient helminth infections. Infections with NippostrongYlus 

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

speci fi,c potentiati on of macrophage acti vit y . Keller et~. (1971) have 

\ . 
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, shawn that the growth of Wal ker Sarcoma in rats was either enti rely 
, 

suppressed or greatly enhanced during Nippostrongylus brasiliensis 
"'"-'l 

infections, depending upon the timing of the tumor cell inoculum in 

relation to the parasit~c infection. In ''tontrast, the growth of syngeneic 

adenocarcinoma of miee was suppressed during R. 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-infeeted 

or peptone-injected rats are "activated" and can inhibit the growth of 

Walker Carcinosarcoma cells in vivo, and in vitro. These authors have 

demol1strated that a pop~lation of radiosensitive cells in recipients of 

lymph node cells from helminth-;nfected donors appears to be required 

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

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

Keller and Jones (1971) were unab1e to detect any antigenic re1ationship 

between Walker Sarcoma ce11s and N. brasiliensis and suggest that the 
\ 

'-
mechan~sm of resistance in this system resides in the non-specifie 

cytotoxicity of specifically activated macrophages> as has al~o been 

suggested by Mackaness (1969). 

As far as this author is aware., the on1y other.reports deal ing 
1 

with inhibition of tumor growth by helminth infections' are those of 

lubiniecki and Cypess (1975); Mo1inari and Ebersole (1976), Weatherly 
1 

(1970), and Capron et~. (1972), which have been reviewed in Chapter II. 

~he antineoplastic activity of helminth infections in general, remains to 

, be more fully investigated. t 

• 
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C. NON-SPECIFIC STIMULATION OF .HOST RESISTANCE IN CONCOMITANT PARASITIC 
d 

INFECTIONS \ 

A cursory search of the 1 iterature in immunology and para-

55 

I ~ sitology will reveal numerous references to interference phenomeira- and 

cross~immunity between various parasitic organisms, particularly bacteria 
t 

vi ruses and protozoa. Reports of cross-res is tance or interference between 

unrelated nematode species, however, are still relatively few in number 
il. 

and it is on1y recent1y that this aspect of helminth immuno1ogy has been 

investigated in any detai1. 

Cox (1952) and Goulson (1958) have reported that infections 

in mice with Ancylostoma caninum partia11y protected them against 

challenge with 1. spir;alis. Crandall et ~. (1967) have demonstrated 

that increased resistance ~o Ascaris suum can be induced in mice by 

infections with N. bhsiliensis and r~atov and Kamburov (1968) showed 

increased re~istance to Asca ris suum fo 11 o\'/;ng 1. spi ral i s infections. 

Kocan (1974) found that rats inoculated with infective ~. brasili~nsis 
) 

,larvae, but not with transp1anted adults, were protected again's,t,a chal-

lenge infectio~ with A~giostrongylus cantonensis. More recently, Kazacos 

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

rats with N. brasi1iensis or 1,. spira1is causes increased resistance to - ------ 1f -_ 

~ Strongyloides !)atti. Many of the other reports deal ing with concurrent 
, -

nem~tode infections are1concerned primarily wi~h the establishment of 

/' mixed infections in ruminants (Herlich 1965; Turner et Ël. 1962; 

Gol dberg 1973) 
, 

Of recent, techniques for studying the immuno1ogy of the host-

parasite relationship have shifted to include the use of concomitant 
" 

1 

\ 1{ " 



1 
parasitic infections. Studies on concomitant infections with helminths 

or with helminths and a variety of unrelated intracellular or extra­

cellular protozoa have 5ndicated that a stimülation of non-specifie 

immune mechanisms may be of importance in the immunological control of 

parasitic infections in general. Studies of this type have been mostly 
.... ~ 1 

phenomenological, but the gene~al importance of non-specific~ ce11t 

mediated immunity in concomitant parasitic infections is becoming more 

and more evident. With respect to our knowledge of the immunology of 

parasitism, it is important that we do not Igroup all forms of aequire~ 

resistance to infection under a general heading of immunity, but try to 
Il ' 

determine whether the'immunity is 'of specifie or non-specifie prigin. 
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Both types of immunity may provide only partial resistance ta infection,"" 

and while their kinetics and mechanisms may be different, their effects 

may be additive. 

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

with Toxoplasma gondii indueed resistance in mice to Schistosoma mansoni, , 
\ 

strongfy suggest that non-specifie resistance ~n be effective \n 

schistosomiasis. These authors followed the recovery of schistosomulae, 

adult worm pairs. or eggs in the livers of mice that had been infected 
, \ 

with T. gondii, 4,weeks or l day before, or 4 weeks after cballenge 

with S. mansoni cercariae. There was a significa'nt reduction in reeovery 

of schistosomulae, adult worms or ~ggs from the livers of mice th~t re­

ceived T. gondi i 4' weeks or l day before chall enge with cercariae. 

Specifie acquired immunity to reinfection 'with S. mansoni in the mouse 

takes abo~t 3 months to develop (Sher et~. 1975), whereas the pro­

tective effects of 1. gondii or other non-specifie a'gents are usually 
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eviden(within a few days. This suggests that a stimulation of non­

specifie cell-mediated immunity may pl ay an effective role in the control 

of S. mansoni infections. 
, 

Kloetzel et~. (1971, 1973) have al so examined the -effects of 

concomitant infections with a heterologous. il'ltracelî ul ar protozoan on 

S. mansoni infections.'These authors studied mixed infections with 

Trypanosoma cruzi and~: mansoni in experiments that varied in the order 

of,-and intervals between, the two infections. Th~ir results show a 

pronounced enhancement of 1. cruzi parasitemia in all experimental 

protocol s. However, when 1. cruzi infection preceded exposure to cercariae 

by 5-16 days, there was always a significant inhibition of -fluke matur~­

tion and lower recovery of adult worm pairs. At longer intervals the number 
• 

of fl ukes recovered was al ways hi gher in concomitant infect; ons. K10etzel 

et ~.(1973) hypoth1esized that T. cruzi might develop within'~. mansoni, 

but make no mention of the~~e importance of non-specifie immuno-
"'" -

1 ogi cal mechani sms on, immunosuppression during these i nterac tions. 

Further evidenee of the importance of non-specifie resistance 

in hJ.minth infections has been provided by Huntèr et~. (1967) in a " 
1 

detailed study of cross.,:'resistance between Nippostrongylus brasil iensis . 
and Schistosoma manson; in mice. The immunization of mice by infective \ 

, , 

larvae of N. brasillensis and a challenge i.nfection with i. mansoni, ') 

cercariae 7 days 1ater resulted in a significantly lawel"'recovery Cff 
p1' 

flukes 1han in controls without N. brasiliensis infections. This cross-

resistance was not reciproca1, as a primary infection with i. mansoni 
'--. 

failed ta influence ,a cha11enge infection with N. brasiliensis. 

.. 

\ , 

\ " 
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Immunoe 1 ectrophores i sand i ndi rect hemagg1 ut i na tian us i ng anti sera 

raised in rabbits against~. mansoni cercarial antigen and .fi. bras;l iensis 

larval antigen showed at least one comman antigenic compon~nt,' but 

serological 'Cross reactions were not evident in sera fram naturally 

infected mice. The ability of N. brasiliensis to stimulate non-specifie 
1 - , 

tumor immuni ty (Kell er et~. 1971) and the fa il ure of Hunter et ~. 

(1967) to dèmo~~trate humoral cross reactivity in natura1 infecti~ns 

with these two paras ites, supports the idea that non-spe~ifi c cent 

mediated immunity may be an important part of acquired resistance to 

schistosome infections. 

A non-reciprocal eross resistanee has also been reported 'by 

Jachowski and Bingham (1961) who found that animals infected with 1. 

spiral is for 5 weeks were partially refractory against a challenge with 

S. mansoni cercari ae. The mechani sm of 'thi s interaction is still obscure 

how~ver, since a <wide variety of~. mansoni antigel)s can serologica~ly 
o 

1 

cross-react with antibodies to 1. spi ra1 is infections (Anderson 1960; 

Senterfit 1958; Weinman 1960). In view of the known abil ity of T. 

spiral is to potentiate a non-specifie, cell-mediated response to a wide 

variety of hetero1ogous organisms and tumors (see Chapter II), it is 

entirely possible, that both humoral and non-specifie cellular mechapisms 

may opera te in the above in te raetiorf. . 
Sinski (1972) has conducted a pre1iminary study of the infltlence 

of Nippostrongylus brasiliensis infections on resistance to Trichinella 
, l ' 

spi ral i s in the rat. These experiments Mmanstrated that rafs wh i ch were 

previously itmlunized with ei ther single or mul tipl e doses of li. brasil iensis 

infective,larvae before challenge with l. spiralis, showJd highly significant 
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• " 1 

reductions in the, recovery of T. spiral is muscle larvae, su~h that the 

reeovery was 2.5% or 23.2% tha t of control 1 animal s respecti vely. Louch 

'{l962}', in a similar study using concomitant infections of !!. muris and 

T. spiralis, also found significant reductions in the recovery df muselle 

larvae. Sinski (1972) and louch (1962) suggested that these effects were 

probably due to an earl ier expulsion of adult Trichinella by an enhan­

ced infl ammatory apd del ayed-type hypersens i ti vit Y reaction -at the intes-

--tinal level as was originally suggested ~y Larsh (1967). The 1ack of com-

man précipitating antibodies between these two he1minths does nof preclude , 

the action of a common humoral mechanism i~:~'" " infections, nor do these 
-x.~~i~ }.' 

results \exc1 ude "the possibl e importance o{ a non-:-specific cel1 ul ar react10n 
. . / 

. in the inhibition of 1 arvipos i tion, migration or eneystment of T. spiral is 

in hast muscle tissues. 

,The abil'lty of'N. brasiliensis to potent1ate non-specifie hos.t 

resistance may not be 1 imited to othe'r he1~inths and tumors .~aren and 

Bammeke (1970) have examined the pathological and biochemical changes that 

occur in ~ats concurrent1y infected 'Wi~ Ji. brasil iensis and Trypanosoma 
l ' 

congolense. They have shawn that animals infected with li. brfasiliensis 
, ' 

have reduced T. congolense parasitemias and enhanced survival times'"as 
~ 

compared to control s wi thout nematode infections. These authors conc1uded 

that protection was probably due..to competition for nutrients between the 
~ 

parasites, a conc14sion that is not entirely justifiable on the basis of 

the data they presented. It is quit~ possible that this interaction may 

be an irrunünological one in which non-specifie stimulation of RES activity 

or cell-mediated respon5es a150 play anl'Timportant role. 

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

• 
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, " 



. 
'. 

... 

r, 

• 1 

"-

• 1 

~.I!,'jI~I""4G&l,",,,,::,''''w ua. l l "'il 

\ 

sa • II 1 U.U L IIIJ • aU".'" U II&! 1 J ElU. • ItJ.Jl ].' 

, 1 

'-

.. 
.. " 

concomitant infect~ns of Schistosoma mans'oni and Pla,,;ootlium oerghei in . 
" 

-the field vole (Mfcrotus gue'ntheri). In animals rece-iying plas~dial in­

fections 1-2 weeks beiÎre or after 'e~~sure to cercariae, a marRed increa~é ., . 
. , 

in éhronic t. berghei infections was qbserved. However, when J')lasmodial 

infectio~s were initia"ted 4-7 weeks after ~xpoStlre to cerca~iae, approximate-
1 -

ly 38% ,Of ~he an~ma1s showed no parasitemia at,all and 50~ had only mild 

parasi temia followed by prolonged 'latency or compl ete recoverY. The 1 atter 
~ CI ~ v .. 

effects coincided with a ,perio~ of maximvm tissue,reaction, cellular pro­

liferation" atld infittra'tion'as a result of the conco~itant~. mansoni 
Q 

;nfections~ anèl Voel i therefore presumed that an al erted ReS wi th .marked 
" . 

, 

i,ncreàse in phagocytic activity m~y significantly alter the course of a 
. 

concomitan~ plasmodial infection. Although Voel ilS concl usions are not j'usti-
, ; 

'fied bfan adequate demon'stration of 'RES hyperplasia or enhanced phagocytic 

, capacity, they nevèrth~less suggest important avenues for further research 

into the mechanisms' of these types of ipteractions. As 'far as this author 
" 

is aware however, no other s tudi e"s' on thi s phenomenon have been pub1 i shed. 
f) \1' • ri( 

'Alclarifi'cation O,f th:e multiple biological or immu~ologicâl : 

factor~ involved in an explanation of these competitive effects will only, D 

l , 
be forthcom1ng after furthe,r stu.ÇIy of,these types of h~s;t-p~rasite inter-

,. actions. 
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D. JHE RES AND NON-SPECIFIe RESISTANCE TO TRYPANOSOME_~ 1 

One of the most widely investtgat~d functions of the, RES has 
/ 

been lts position among the non-specifie m~chanisms of host deJence 

agRinst infection. The evidence that the RES plays an active role in 
,-/ 

non-spec.ifie resista,nce has been based chief1y upon 3 different expèri-

.méntal aPPr:oach~s: l) The impairmen}:'of the immuno1ogical defenses of, 

an experimental animal by the blockade of its RES, t} The demonstration 

of enhanced abil ity to, clear intraveneously injected parti culate matter 

(such as "colloidal carbon) from the blôod stream of infected animals, 

and 3} The use of ehemica1 or biological agents to stimulate RES 
, , 

61 

,activity in infected animals in'order to alter the course of the infection. 

In spi te of the most ingenious experimental manipul ations, these three 

,approaches have not always provided unequi)/ocal answers. A detailed discus­

sion of this subject is beyond the scope of this thesis. However'f a11 threé 
, , • l " 

approaches have'succeeded in demonstrating both convincing correlations, 
o 

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

haneed immunity to infection and neoplasia (Bohme ,1960; 01 d et ~. 1960 , 1961; 

Freedman 1960; Ruskin ..tl..Ql. 1969). 

It i s now well recognized that the monanuc1 ear phagocytes of 

the RES do play an essential role in host resistance against invad4ng 

pathogens. Biozzi ~~. (1975) have reported that errhanced phagocytic 

function of the RES is one of the primary mechanisms of host resistance 

against many gram-negati~~ and gram..,positive bacteria. Mims (1914) has 

presen ted a revi ew of the li terature concerning vi rus-macrophagè inter-

actions and reports. that macrophages that phagocyti ze vi ruses can either 

support their growth, allow surviva l until they are transported ta other 
, 

target, cells, or destroy,them intracellu1arly. 

, ,1 
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r 
The principal functions of the RES in relation ta the Haemo-

1 

flagellates and Haemosporidia were originally rec~gnized by Linton (1929) 

.' 
and 'Tal iaferro (1929). They recognized that certain parasitic diseases 

'wére pr5marily infections of the RES, and that one of'the chief defense 

mechanisms of the host in malaria and trypanosomiasis was probab1y 

phagocytosis by the macrophages of the RES (Gable and Singer 1960). 
l, 

There are numerous r:ports in the,1/ terature sugges tin.g that stimul ation 

of RES activity by a number of viral agents that attack reticuloendothel ial 

tissue may non-specifically potentiate an immunological response that 
\ 

., suppresses malaria infections. Yoeli et 91. (1955) observed this 

phenomenon in concomitant infections with Plasmbdium berghej ~nd West 

Nile Virus in mice. Jacobs (1957) observed a sim'ilar suppression of 

malaria parasitemia with plàsmodium lophurae and Ornithosis Virus in 

chicks an'd Trager (1959) observed the same interaction with P. lophurae 

and a vi\':us hat causes splenic necrosis in ducks. 

Observations on the stimulation of RES activity and its' role 

in Trypanosomiasis have been made in systems using concomitant infections 

of trypanosomes with a variety of di fferent agents. As early as 1904, 

Nissle (1904) reported that the intraperitoneal inoculation of Serratia 

marc~.?cens_ (from potato culture) into rats re~ulted in lower parasitemia 

" 1 
during infections with 1. brucei. t~assagl ia (19q6) observed that con-

comitant infections with streptococci and trypanosomes caused the try-
~ , 

panosomes 'to dissappear fram the blood. Schein (1907) reported a similar 

finding in a dog infected concurrently with Trypanosoma evansi and Bac;l' us 

anthra.c'1 s. 

'<1 '. 
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Observations on the in teractions of concomitant infections of 

spiroehetes with trypanosomes have been made continually in the pas-t 
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and have been reviewed by Goble and Singer (1960) and more recently by 

Felsenfeld (1965,1971) and Dallas (1976). trautman (l'907) made one of the 

first observations on the effects of rel'apsing fever spirochetes (Borrel ia 
1 

duttoni) in suppressing T.' brucei infections, and since that time numerous 
- ~' f""'­

~ \ 

exampl es of thi s type of interaction have appeared in the 1 iterature. The 

species of Trypa~osoma shawn to be suppressed in concomitant infections 
'.\ 

with spirochetes include 1. brucei, 1. gambiense, 1. rhodesiense, T. evansi, 

1. equinum, '1. equi perdum and T. congo 1 ense. The spi rochetes of the Genus 

Borrel ia that antagoni ze the development of these trypanosome spec i es 

(possibly via a non-specifie stimulation of RES activity) include B. duttoni, 

B. merionesi,~. microti, and,ê... crodidurae. 

Tate (1951) showed that Spirillum minus, the causat.ive agent 

of Sodoku (rat bite fever)," produced similar effeets in rats with T. eguinum 

and T. 1ewisi and ear1ier it was shawn that this spiroehete inhibited the " 

development of T. brucei (Grillo and Krumeich 1934) and 1. gambiense 

(Ceccaldi and Guilhaumou 1942) in Guinea pigs'. Guinea pigs infected with 

Spirillum minus and challenged with 1. brucei or 1 . .9.?mbiense had fewer 

trypanosomes in the blood -and showed enhanced survival times compared to 

control 'anim'als infected with trypanosomes alone. In the work of Tate (1951), 

rats infected with Spirillum minus were strongly resistant to infection 

wi th 1. 1 ewisi and 1. equinum when inocul at~d wi th these trypanosomes 

, shortly a fter inocu1 ation with the spi roch~te. Res is tance ta trypanosomes 

was most highly developed for a period of 2-4 'weeks after infection with 
. 

spirochetes. In these concomitant infections, rats inoculated with T. 

',~ 
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1 

eguinim had onl'y transient primary parasitemias and significantly enhanced 

survival tirnes while in rats chal1e~ged with 1. lewisi after spirochete 
1 

infections, only trans ien t :"ubpatent in fections were produced . . 
It is known that spirochete infections can cause considerable 

RES damage (Haasko 1931; Schlossberger and Grillo 1935) and it might there­

foré be 'suggested that the antagonistic effects of spirochetes on trypano-
• 

sorne infections couJd be due to hyperplasia and a compensatory hyperactivity 'J 

of the ,RES in response to this in jury. Additionally, Gall ;ard<(1931) pointed , 
out that these antagonistic effects coul d be effectively reduced when splen- 1 

"-
ectomy was performed jus t before or jus t after the infections. Recent 

studies;n this field by Felsenfeld and Wolf (1973) have shawn that Borrelia 

tUY'icatae injected simultaneously with Trypanosoma cruzi, prolonged the life 

spari of mice ,and reduced the number of circulating trypanosomes. These 

authqrs demonstrated a marked antigenic cross-reactivity of these two para­

sites ard found that 1!.. turicatae showed a greater capacity to bind anti­

body from T. cruzi antiSerum than vice, versa. 

" The mechanisms of interferencrh concomitant infections of 

Barrel ia sp. and Trypanosoma sp. are no): well understood as yet. Although 

these genera are antigeni cally rel ated, < it is di ffi/cult ta accept the 

theory that these effects are merely due to antigenic relationsnips and 1 

the synthesis of h0rJ101ogous antibodies by the host b because sorne sp~cje~ 

of Borrel;~ do not,influence trypanosome infections (Galliard et~. 1958). 

As ear1yas 1922, Vincent (1927) suggested that macrophq.ge participation 

may be 'important, in these interactions. The importance of enhanced RES 

activity or antigenic cross-reactivity in these antagonistic effects 
" , 

! 
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needs ta be more fully investigated. It is highly probable, however~ 

tllat a combination of these immunological factors ~li be shown ta-play 
1 

a .role in the potentiation of immunity observed in thèse host-parasite ~ 

int'eractions. 
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E. BCG AND OTH~R IMMUNOSTIMULANTS IN NON-SPECIFIe HOST RESISTANCE 

AGATNST PARASITIC INfECTIONS AND NEOPLASIA -
" \ 

An important approaeh to the treatment of infecdous diseases 

and cancer has involved an attempt to lion-speeifically al ter the natural 

resistance of the host using a variety of chemieal anq biologica1 agents 

inc1uding bacterial endotoxins, Bacillus Calmette-Guerin (BCG), and 

Corynebacterium parvum. The immuno1ogica1 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 specifie immune responsiveness or 

general hast resistance (see Table 4.2). The activity of these agents 

may be expressed as a non-specifie enhancement of the capacity to form 

! 

antibody (adjuvant effects) (Mill el" et ~. 1973); by al terations in the 

macro phage el ements of the RES inc1 udi ng hei ghtened phagocyti c acti vit y , 

and increasea bactericida1 and cytotoxic activity of individual macro-

cfhages (Biozzi et~. 1960; Old et ill. 1961); or by stimulation of the 

production of nan-antibody, soluble mediators of immunity that may show 

direct ,cytotoxic or cytostatic aetivity"against parasitic organisms or 

neoplastic eells (Clark and Allison 1976). 
" '\ 

The mycobacteria and a number of gram-negative and gram-. 
" CI 

" positive bacteria have long been knO\vn to induce an increased non-

specifie resistance in the hast ag~inst a variety of viral and bacterial 
o 

infections and ear1y research on this subject was reviewed by Shilo 

(1959). In re'lati~n -to the mycdbacteria, Dubos and SchaedlerJ1957) 

demonstrated that the injection of living attenuated Mycobacterium bovis o __ __ 

(BCG) as well as killed BCG could effectively increase resistance to 
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TABLE 4.2 MATERIA'-oS WHICH HAVE BEEN FOUNO Ta NON-SPECIFICALLY STIMULATE 

TH,E SPEC l FIC INMUNE RESPONSE OR HOST RESISTANCE* 

I. MICROORGANISMS AND SUS-CELLULAR FRACTIONS ,.; 

A. M,ycobacteria 

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

B. Gram-negative ba'cill i 

Salmonella, Shigella, ~. coli, Serratia, H. influenzae, 
§.. pertussis, Brucella, endotoxin moieties 

C. Gram-pos i tive cocci 

Staphylococci ~ Streptococci 

D. Gram-pos itive bacill i 

Corynebacter;um parvum, Listeria mdnocytogenes 

E. Others 

Zymosan, lactic dehydrogenase virus 

II~ NONBACTERIAL MATERIAtS y 

/'(. Macromolecules 

Nutleic acids (DNA, RNA), synthetic polynucleotides, 
DNA digests, antilymphocytic serum 

B. Small mol~cul es 

1. Organic 

Vitamin A, fatty acids' and lipids, epinephrine 

2. Inorganic 

Alum, bentonite, silica. beryllium 
, " 

\ 

The materials listed here are not all distinct entities. Thus, Wax D is \ 
responsible for the classical adjulJiant properties of whole mycobacteria, 
but its role in thf induction of -resistance by MER and BCG is unknown; and 
the lipopol'ysaccharide portion of the bacterial cell \'Iall i5 at least one 
of the comrnon actT0!~ components of many other mi croorgani sms l 

* This refers to a material whose administration confers on the recipient 
the ability to respond, or respond more efficiently, to challeng~ with a 
non-crossreacting antigen, bacterium, parasite, or tumor, as measured by 
either a heightened specifie immune response or by a general increase in 
natÙral resistance. From a review by Yasphe (1971). 

me. n'pm lUI 
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staphylococcal infections. Other non-pathogenic mycobacteria have a] 50 

. been sho~n to fnerease the host1s non-specÙie resistance to baeteria1-

infections, and enhance the phagocytic activity of the ho~tls RES 

(Biozzi et~. 1960;. In general> however, the degree of enhaneement of 

both these actiyities vJas nat necessarily parall el (Bohme 1960). 

More reeently, the Bacillus Calmette-Guérin (BCG) strain of 

Myco1)i:\cterium bovis has become a popular agent for the immunotherapy of ---- , 

cancer (Hersh et~. 1973). The activity of BCG as an immunotherapeutic 

agent may involve a combination of several mechanisms: 

1) A generalized, stimulation of immune responsiveness and lympho­

retieular activity, following systemic administration (Old et 

~. 1960, 1961). 

2) A loeal ana non-specifie destruction of tumor cells at the 

site of a delayed-type hypersensitivity reaction to BCG 

(Il innocen't bys tander" effect) (Bartl ett et ~. 1972). 

3) A tr~e adjuvanticity whereby- the 'administration of BCG in 
: 

temporal and spatial proximity to tumor cells (either mixed in 

tumor ce11 inoculum or by infiltration of tumor nodules) results 

in augmented development of systemic, tumor speci fic, rejection 
r 

immunity (Bart1 ett and Zbar 1972; Hawryl ko and t~ackaness 1973). 

In terms of the treatment of cancer, the most rel iable effects with BCG 

have been in the local destruction of tumor nodul es into \'/hich the bacteria 

have been injected (Hersh et &. 1973). Systemic effects suggestive of 

stimulated tumor rejection immunity are rare, although they are the 

u1 t;,mate goal of ;mmunotherapy . 
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The use of BCG and other baeteria such as Corynebacterium 

parvum in researeh investigating the importance of non-specifie immunity 

in the host-parasite relationship, has beeome highly fashionable. 

Indeed the effieacy of using BCG, f. parvum or other non-specifie ïmmuno­

stimu1 ants in the immunotherapy of paras i tic infections i s currently 

under intensive investigation. ~ive BCG has-been reported to protect 

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

- aecording to the route of administration. Thus intraperitoneal inoculation 

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

1975) or Toxop1asma gondii (Frenkel and Caldwell 1975), and viable BCG 
~ 

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

from T. gondi i (Tabbera ~~. 1975). 

• 
In eontrast, pretreatment intraveno/usly with viable BCG reduced 

the number of circul ating T. eruzi and enhanced ~urvival times of mic~ 

(Ortiz-Ortiz et~. 1975) and protected rabbit's eyes from 1. gondii 

(Tabberaet~. 1975). In none of these cases,'however, was protection 

as strong as that observed ~us ing BCG immuni zation agains t Babes ia mi croti, 

Babesia rodhaini, Plasrrodium berghei yoelii and Plasmodium vinckei 

(Clark et~. 1976). Kuhn et~. (1975) were unab1e to suppress T. cruzi 

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

The di fferences observed in the effect of BCG on Pt'otozoal in Fections 

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

·andoroute of administration, or the timing,ofthe immunizàtion relative 

to the challenge infection, rather than any fundamental differences in 

the protection afforded by BCG immunization against different intra-

cell ul ar protozoa. 
, 1 



, 

1 • 

,-

This mJy be especially true in view of the recent work by 

Kierszenbaum (1975) who studied the effect of C. parvum on 1- cruz; 'in 

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

doses of BCG and tumor rejection phemonenon. Corynebacterium garvum ;s 

one of the most powerful RES stimulants known to date tHa1pern et Al. 

1963), and has been shown to increase res;stance to transp1anted 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 atlministration fo thlS bacterium by showing that intrayenous, but not 
\ 

intraperitonea1 injection of-killed C. parvum either before or after 
J 

intraperitoneal infection with 1. cruzi, produced enhanced resistance 

against this protozoal infection in mice. Recently, howeyer, Brener 

and Cardoso (1976) were able to demonstrate delayed mortality and 

suppressed 1.. cruzi' parasitemia using a different strain a'nd dose of 

.f.. parvpm injected intraperitoneally. In a study on,BCG dosage and 

tumor rejection phenomenon, Bartl ett et ~. (1976) found that the 

dosa-ge of BCG required for optimal suppression of local tumor growth was 

detrimental ta the development of a sustained, systemic tumor immunity." 

It is obvious from these observations and the confl icting resul ts of 
/' ' 

" ' 

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

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

lation of host resistance against protozoal infections and turnors, 

needs further evaluation and research. 

Swartzberg et~. (1975) have reported on .:!.!!. vivo and' i.!!. 

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 

!: gondi i. Intravenous administration of f. parvum conferred transient 

protection against Listeria monocytogenes or the ,avirulent strain of T. 

gondii but did not protect against a virulent strain of 1. gondii. 

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

macrophages from C. parvum - immuni zed mi ce for 1- g9ndi i i-'l vitro. 

Hoff (1975) also failed to correlate an enhanced i!l vitro Killing of 1. 

cruzi by macrophages from BCG - immunized mice with enhanced immunity ~ 

vivo. The apparent dichotomy between macrophage activation and enhanced 

kill ing of protozoan par~sites jJl vitro and the hc\< of protection when 

BCG or ~. parvum - immunized hasts are challenged ~-vivo a1so needs 

further clarification. 

The most promising and consistent results to date using BCG 

or C. parvum in the treatment of protozoa1 infections are .those of 

Clark et al. (1976) and Clark and Allison (1976) .. These authors have 
\ --

been abl e to comp1 etely suppress the development of Babesia !1licroti. 

"Babesia rodhaini, Plasmodium berghei yoeli;, and Plasmodium vinckei in' 

mice using intravenous or intraperitoneal injection of BCG or f. parvum. 

The mechanism of this pro"4\Ction is still somewhat obscure, but these 

researchers present preliminary evidence that protection may not be due 
. 

to either cross-reacting> antibodies, e'lhanced produc,tion of parasite 

specifie immunoglobul iris, or enhanced macrophage phagocytic activity. 

Instead, these authors have presf!nted evidence for a hypothes is that 
, 

BCG or C. parvum enhances the production of non-antibody, soluble 

mediators of immunity (possibly" lymphokines) that may be able to inhibit 

intracellular growth and development by interacting with the parasite 
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, 
directlyor by al tering host eell metabol ism and indirectly inh~tiiting 

patasite replication (Clark et~. 1'975,; Clark and Allisan 1976). Further 
t-

research is needed in order ta characterize the arigin and nat~re of 

the non-antibody, sol uble seru~ factor described by these authors as well 
~ 

as ta clarify the mechanism by which parasite development' is inhibited 
\ 

intracellularly. If this hypothesis is correct, then it ;s possible" 
, , 

Œ{hat this! type of non-specifie immunity' may also be active against other 
, ~ 

intracellular parasites such as T. 4 cruz; and 1. gondii. It is the 

opinion of this author, however, that the non-specifie activi ty of BCG 
, " 

and ~. parvum as ;mmunotherapeut1 c agents in genera1, wiJ 1 probab1y be 

'shown ta the a resul t of a co~bination of the mechanisms discussed in 
\ 

th; s" sect ibn. 

At this time, very l ittl e research has been co"nducted on the 

effe'cts lof BCG, f. parvum or other non-specific immunostimulants of this 

type on helminth infections. Rau and Tanner (197'!;) studi ed the effects 

of BCG on the asexual1y proliferating stage of the cestode Echinococcüs 

multilo.cu1aris in l the cotton rat (Sigmopon hispidus). The growth and' 

metastasis of these parasitic 'larvae bears an intriguing resemblance to 

the growth and metastasis of mal i gnant tumors (Rau and Tanner 1976). 

Pretreatment of the cotton rat with an in traperi toneal .i no cul a tion of 

BCG one week before an intraperitoneal challenge wi th the 1 arval stage 

of 1. mult,ilocularis, significantly suppressed the growth and metastasis 
o 

of 'this parasite. BCG treatment two weeks after initiation of the 

hY~atid infection, failed tp suppress the establ ishment and growth of 

the parasite cyst mass but did reduce the number of parasitic foci in 

the infection. The mechani sm of these protective interactions ;s currently 

.8 under inMigati.on (Reuben and Tanner 1976, personal communicatidn). 
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Mahrooud ~!l.. (1976) have examined the infl uence of BC~ on 
\ 

Schistosoma mansoni infections in the mouse. In -a' well planned and well 

executed pre") iminary ~~UdY, these a.uthors demonstrated t~at BC~ induced 

a high degree of non-specifie resjstanee against S. mansoni infà;ons ,- . 
whEih adn1ini stered intravenously. Protectio9 was related to the strain 

of BCG used, as well as',the ,dose, timing, and route of inoculat,io~of . 
:thé BCG rel ative 'to the' chalJenge infection with i. mansoni. 

'It 1S probab}e that these preliminary studies wilLstil]1ulate, 
• 1 

• ), n 
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interest and research int9 the importance of non-spéci fi c immunity in' • . .. 
the co~rol and immunotherapy of helminth\ infections 'in general. 
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DEVElOPMENT OF CROSS-PROTECl'ION AGAINST 

" :. 
1 ~,'" 

. " 
'r"~ •• 

, . . 
'TRYPj\NÔSOMA LEWISI IN RATS INFECTED WITH TRICHINEl~A SPIRALIS 

~ "~ .. C' 1 

4 ~. 1:' :~-!, .. , 
\ , , 

INTRODUCTION .. ..; t. 

. " 

<}..... ~ ~tr , ' ~ .... . /11/ , 

'As noted in ChaPt,r Ils al'teréd immunological re~pon,s'iven~.~~ .. in ~' ..... '" 

experimental Tricqinellosis i('~ell documentÊÎd.-' Numerous investig~MQ.r~)~1- ~.-:' ' :.~. ~ 
... ,1 '!' ~ .. .Q, ,.< ;t' 

have supplied evidence that Trichinella spiralis calf induce immunologiëal . ~ .. , '/ ~. 

unresponsivenes'S, to heterologous antigens, _1îllografts andvil74~ infections-. \ 
in mice and rats. Immuno,s~ppres~ in :rrichi~ellosis is a tr'~n~:t~nt phen-

omenon and is probab1y related to ~articu1ar stage of the par;astte',s life 

cycle in the host (Fa~b~rt 1976). It has)been characterized by an enhanced 
, , 

retention of skin allografts (Cherniakhovs~aia et~. 1971, 1972; Faubert 

and Tanner 1975; Ljungstrëm 1976; 'Svet-Moldavsky et al. 1970) and heart 

allografts in mice (ljungstrO"" 1976); by a suppression of comp1ement­

fixing and nftutral'fzing antibady responses ta Japanese B Ençepha1itis (JBE) 

virus in mice (Cypess et ll. 1973; lubiniécki. et li- 1974; Lubiniecki and 

.f' Cypess 1975), the humoral antibod'y response ta Vaccinia Virus in ~ice . , 

(Chimis~kian and Ovumian 1975), anp the humoral and ~ell-bound antibody 

responses of mice to sheep erythrocytes (Barr;ga 1975; Faubert ,and Tanner 
, 

1971 s 1974; Faubert 1976; Lubiniecki et~. 1974; lubiniecki and Cypess 

1975); by patho1ogi cal ch?nges that occur in' the lymph nodes of mice dur­

inq vadous st~ges of the infection (Faubert and Tanner 1974); by the leuco-
. l"-" ' 

agg1 utinating and cytotaxic characteristi cs of the serum of i nfected miie 
.:J 

- and soluble extracts of the muscle larvae of 1.. spira1is for 1yrnph node 
, 

cells in vitro (Faubert and Tanner 1974~; by the failure of spleen cells 

;irom inf~cted donor mice to induce Graft vs. Host reaction~ in hybrid mice 1J ~ t ~ 

(Chimish,kian et~. 1974); and by the inability of mouse bone marrow cens , 
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from nematode-infected a.nimâts tci reconstitute immunological competence 
.... ('" * K' q,;:rlt •• ;r' , • ~ • ... 

,.,. , ~"" l' 

in thymectdmized ànd lethally irradiated mice (Faubert and Tanner 1974). 

Immunosuppression' in Trichine110sis 'has ,also been characterized bY an . 
1 _ , l , 

, . 
increase'd susceptibi~ i ty to JBE virus an'd Encephalomprdial virus ~EMC.) 

, ' 

in mice and rats respectively (Cypess et 21. 1973; Kil ham an~ 01 i vier 1961 ; 

Lubiniecki et~. 1974), afld Vaccinia V}rus in mice and' rabbit~ (Chimish-
1 • 

" • , 1 

kian and Ovumian 1975') . 
\ 

In contrast to the immunosuppressive effects of infectiOris'with 
, l, 

T. spiral i~~ a number of recent studiès have ~emonstrated\ that thi s' nematode 
.. ' { 

can also induce astate of "non-specifie resistlnce to hetero1ogous bactéria, 
\ '" - r 

protozoa, and tumors. This' immunopotentiation has been chttracterized by'.a 

decreas.ed ~usceptiJ>il it~ of mice to Liste.ria monocytogenes (Cypess efjloL 

1974); by inhi b~ ted deve10pment of Erl:ys\ipelothY-ix i ns idiosa infections . 
in rat~ (Toshkov et!l. 1975); bya potentiation of cell-mediated hyper­

sensitivity (delayed-type) tOI BCG in mice (Cypess et,li. 1974; Molinari 

et al.1974; Molinari and Cypess 1975); bya decreased incidence ,of spon--- , 

taneous mammary carcinoma and enhance~ longevity in Swiss mice (Weatherly 

1970); by the partial inhibition of the indùction and deve10pment of $-180 

Ascttes tumors in mice (Lubiniecld and Cypess 1975); by anti-neop1astic 
, 

. activity towards B-16 Melanoma and Lewis Lung CaY.'cinoma in m;ce, (Molinari 

and Ebèrsole 1976); bi a stimulation of RES fixed macrophage phagocytic 
1 , 

activity in mice (Cypess et al. 1974); and by the cytostatic effect of 
,0 --- , 

mouse peritoneal macrophages fram nematode- infected hasts on Rl leukemia 

c~l1s in vitro (Meerovitch and Bomford 1977). 

The mechanisms by which this nematode induces states of altered 

immunological responsiveness are, still unclear. It l'las been suggested that 
1 

~mmunosuppress i,n may be the resul t of sequential a~tigeni c competition 
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(Lubiniecki and Cypess 1975). tbe secretion of iml)1unosuppressive factors, 
, , ' 

6y the newbom 1a~vae of T. s'pira1is (Faubert 1976; Ackerman and'Fauber~ 
1 • • 

1977), a reductï'on or dep1etion of thymus-derived, antigen-reactive T-cell 

popu1 ations in infected~ts (Fauber.t a~d Tanner 1974;' Ljungstrom '1976)', 
- ~ - .. 

or the stimulation of suppressor T-cell activity in the' spleens of -infected 

mice (Jones et!l. 1975). In view _of the known -immunosuppress ive effec'ts 

of T. spiral is on humoral immuni ty~ it has been suggested that immun9Poten­

tiation is proôably a r~f1ectiôn of enhanced non-specifie RES activity or 

non-speci fic cel-l-mediated 'immune responses (Cypess. et ll. 1974; Meerovitch 

and Ackennan 1974). 

The occurence of both imnunos uppress ion and immunopotenti ation 

in Trichinel10si s,' appears to be contradi ctory. However, these ~henomena 

may not by mutually excl usive and are probably an expression of the timing 

<!f the var,ious modes of antigenic stimulati?n by particular stages of the 

parasitels Ufe c,Xc1e in the hast. A similar etfect has been demonstrated ~ 

in ~~= in which enh~nced anti-ba~terial resistance (due to non-spec~fical1y 

activated macrophages) is, accompanied by humoral immunosuppression during 

Graft vs. Host reactions (Blanden 1969). The lack of a satisfactory explan-

ation for these contradiètory effects, prompted me to investigate these 

phenomena further in experimental Trichinellosis ;n the rat model. 
-o In a prel iminary study, Meerovitch and Ackerman (1974) reported 

that rats infected with 1. spiral is for 30 days were partially protected 

against a challenge infection with either Trypanosoma lewisi or Trypano,soma 

equiperdum. Protection was manifested by a significant inhibition àf the 
, _." 

development of trypanosome parasitemias in c6ncomitantly infected rats. 

,Since 1- 1ewisi is a non-pathogenic trypanosome of the rat and the in­

fection is mediated by a well charaderized humoral response (D'Alesandro 
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1'970)., we 'fel t' that a modél us il')g concomitant irtfections ,with these two 
. , . 

par:as,ites would be advantageous in examining immunopotentiation in 
.1' , , . 
t ,,:~ ~; •• ~ , 4' 

'Trichinello'sis as·'it relates ,to immùnosuppression, the rtematode.life cyçle 
, 

and level',of infectfon, as well as the irnmuno1ogical mechaY'!isms involved 

in th is !hos t-paras i te interaction . 

MATERIALS AND METHODS· 

1) THE AN 1 MALS' 

\ 1 Charles River, CDF, inbred albino, female rats (""lOO grams) 

(Charl es Ri ver Breeding Laboratorie-s, Wi l mington Mass.) were used in all 

experiments. Animals were housea individua11y in wire bottom cages and 

received Purina Rat Chow and water ad 1 ibitum. Outbred CD, a1bino female . 
rats ("'100 grams) (a Sprague-Dawley line; Canadian Breeding Farms (CBF), 

St. Constant, Quebec) were[ used for maintaining infecting stocks 'of 1 
Trichinella spiralis and Trypanosoma lewisi. Female, New Zealand white 

/ 
rabbits (3-5 Kg) (CBF) were used for the production of anth;era to 1. 

1ewisi and T.spiralis aQtigen extracts. 

2) THE PARASITES 
" 

The strain of Trypanosoma lewisi used in this study was a stabi-' 

late of the Winches Farm Strain (London School of Tropical Medicine and 

Hygiene) and was originally iso1ated from a wil d rat and cryopreserved in 

1970. It was obtained as a stabiiate (LUMP 122) from Dr. Pierre Viens 

(Dept. of Microbiology, University of Montreal) ~n September 1973, and has 

been passaged bi-weekly since that time in CD fema1e, albino rats by the 
/ 

intraper~toneal inoculation of "'1 iO x 105 trypanosomes in rat blood diluted 

in Hank's Balanced Salt,Solutidn (HBSS}. 

\ 

'j 

" 
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Trypanosomes for the i'ni tiation 'of experimental infections were 
• 0 

obtaineâ from stock infected rats which had been ;noculated 12 days previ-
'& 

. QÛsloy: 'Rats were bled! aseptically by cardiac puncture into HB~S contain­

ing sodium heparin (100 unitsjml) and pure suspensions of trypanosomes were 

prepa~ed in sterile HBSS, supplemented with 1% glucose, according to the 

technique described by L inc;come and Watkins (1963). 'Trypanosomes were 

immobil ized (for counting) by making an appropriate dilution of the suspen­

sion in 10% (wjv) ,sodium citrate solution and were counted in a Spencer 

Bright Line Neubauer Hemocytometer using phase contrast i11 umination (400x 
1 

magnification). Experim~ntal infections were initiated by injecting 'rats 

with 5.0 x 103 infective trypomastigotes (O.5ml) intraperitoneally without 
, 

anaesthesia. Trypanosome parasitemia was followed during the course of the 

1. lewisi infections by daily hemocytometer counts of tail blood diluted 

1/200 using lOlll capillary tubes and "Unopettes" (Unopette #5851, Becton­

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 ( 

strain that was originally obtained in 1959 fram 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 Parasitology of 

McGill University exclusively in Sprague-Dawley rats. Infecting stocks for 

this study'were maintained in CD female, albino rats, inoculated with 3,000 
" 

infective muscle larvae. 

Experimental infections and the recovery of muscl e la rvae from 

experimenta l animal s w~re done accord; ng to techn i ques adopted from Tanner 

(1968).1. spira1is muscle larvae for all expedmental infections wet'e 

recovered from donor stock rats \'Jhich had been inoculated 30 days previaus.­

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

" 

'. 
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the- cartasses were homo~genized' in a 400 ml stainl~ss steelt chamber with 

a Serval 1I0mni-Mixer" in digestion fluid (tap water containing 0.5% (v/v) 

HeL and 0.3% (w/v) pepsin pO\'Ider (Fisher Scientific)). The muscle larvae 
~ 

were recovered by sedimentation after digesting the homogenized carcasses 

for'4 hours at 370 C. with constant stirring. in 3.0 liters of digestion 

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

and eounted (using constant stirring of an appropr;ate dilution) in McHaster 
, . 

Nematode Egg-counti~g Chambers (Hawksley Ltd., London, England). Inoculating 

doses ~ere prepared ;n 0.5 'Pl of PBS and experimental 'animals were inocu1at­

ed orally without anaesthesia using a blunt-end 'inoculating needJe (#169 -

3 inch, Canlab. Montreal). Muscle larvae were recovered and counted at the 

end of each experiment as described above, but the weight of eaçh carcass 

was determined befor~,the digestions were initiated. 

3) ANTIGENS 

The soluble antigen extract of Trichinella spiralis (~TSE) used 

for immun i zing rabbi ts and in immunodiffus1ion and immunoel ectrophoreti è: 

analysis was prepared from washed t lyophilized muscle larvae, essential1y 

as described by Tanner (1970). Lyophi1ized muscle larvae (in? ratio of 

l gram: 25 ml buffer) VIere disintegrateci for 30 minutes with ultrasounds 

from a Fisher ~P-2, 20 kc, u1 trasonic probe (200 watt power supply) with 

continuous cooling (00 C.). The sonicate was centrifuged at 50,000 x 9 

(30 min.) and 100,000 x 9 (2 hours) at 20 C. and protein concentration was 
- 1 

determined according ta the technique of Lowry et~. (1951) and adjusted 

ta 10 mg/ml. TSE for immunoel ectrophoretic analysis \'Ias extracted further 

in 0.5% r'riton X-100 for 1'2 hours on ice, with occas;onal mixing prior to 

Il centrifugatio9/:' So"uble extracts were stored on iee or frozen at -700 C. 

until needed': 

1 &CIUiS_rlti, 
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, 1 

A crude antigen of Trypanosoma lewisi (TLA) for immunizing 

,J rabbits was prepared fram trypanosomes collected from infected rats 

12-14 days after inoculation, just after the fir$t crisis. Pure wash'é,d 

suspensions 'of trypanosomes were prepared accarding ,ta the technique of 

lanham (1968) and Lanham and Godfrey (1970), using DEAE-Cellulose Anion 

Exchanger (coarse mesh, 0.90 meq/gram, Sigma Chemical Corp.) and a mod­

ifièd column design (2.5 x 40.0 cm glass chromatography 'columns, bed 

volum.e 150.0 ml) in a closed, gravit y flow system. DEAE-Cellulose was 

prepared according ta the technique of Peterson and Sober (-1962). 

Suspensions of trypanosomes (5.0 x 109 organisms/ml) wE!\re disrupted by 

sonicati'on 3 times for 30 secs. with five minute intertals for cool in9, 

L!sing the Fisher ul trasoni c probe descri bed above. 

80 

A soluble antigen extract of 1. lewisi (TLE) for immunodiffusion 

and immunoelectrophoretic ana1ysis was prepared by extracting the TLA fur­

ther in 0.5% Triton X-lOG for 12 hours on ice \'/ith occasional mixing. This 

preparation was centrifuged for 2 hours at ,100,000 x 9 and the protein con~ 

centration of the extract was adjusted to 10 mg/ml using Aquacide (Calbio­

chem, Richroo,nd, Cal iforniéi). TLE was stored on ice or frozen at -700 C. 

unti 1 use. 

Sheep red b100d cells (SRBC) for immunizations. hemagglutination 

(HA) and ~ernolysin (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 .. 
Rabbit antisera to T. lewisi crude antigen (TLA) were·prepared 

\ 

\ according to the procedure described by Yasuda and Dusan i c (1971). Three 
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'female New Zealand white rabbits were injected intranuchally (subcu-
, ' 

,taneous), with 1.0 ml of TLA (1\,5.0 x 109 trypanoso~es) emulsified with 
'f , 

ànd equàl volume of Freund's Complete Adjuvant (FCA), three times at three 

week intervals. 'Two' weeks after the last immunization, the rabbits were 

bled by cardiac puncture. The serum was collected by centrifugation (1500 

x g, 30 min.) after the blood h'ad been allowed ta clot at \40 C. for 12 

hours. Sera were heat inactivated (560 C., 30 min:) and stored ~t -200 C. 

unti1 use. 
~ 

Rabbit antisera to 1. spiralis antigen extract (TSE) were pre­

pared according to the following technique: five female Ne\'I Zealand white 

,rabbits were injected with TSE (10 mg/ml protein) emulsified with equal 

yolumes 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 rqbbits were boosted with further 

injections of TSE as above. Rabbits received a total of 6 ml of TSE or 
1 

approximately 60 mg total protein duri ng the course of the immuni zation. 
1 ~ 

One week after the last injection, the blood was obtained by!cardiac punc-

ture and the sera collected and stored as described above. 

Rats used for the routine maintenance of T. lewisi stock 

infections were hyperimnuni zed a fter they had recovered from a primary 

infection ("-40 days) by i njecting them i ntraperi tonea lly with two doses 

of a purified suspe~~ion of living trypanoso,kes '(1.0 x 107 organisms, 

prepared according ta the 'technique of L incicome "and Watkins (1963)) 

given at one month intervals. One \veek after the last injection, the rats ' 

were bled ,by card; ac puncture and the sera coll ected and stored as 

described above. Immune rat sera were collected in the same manner just 

• 
____ r-- -f --~~,,:-::-.~< _T'. t~.-,:-.:--:!!";".~~~"""-;-, :-. -;-, ---__ ~_,__---_______ .... ~_. '" 
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, after the animals had recovered from a primary infection ('ù40 çays). 

Hyperimmune rat an~; sera' to 1. spi rans were coll ~cted fro~ rats 

that were inaculated with 3,000' infective muscle larvae and challenged,with 
, - J 

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 ta T. spiral is were collected in 
1 

a similar manner from rats infected with 100 or 1500 larvaejrat at 7,14, 

28, or 56 days after infection. 

Rat ant;-SRBC antisera were obtained from animal s' that were 

injected intraperitoneally with 2.0 x 109 SRBC in 0.5ml volumes prepared 

as described above. Six days after immunizati-on, the rats were bled by 

card'iac puncture and the blood allowed to clot at 4° C. for 12 hours befare 

centrifugation (1500 x g, 30 min.). The rat sera were heat-inactivated 

(560 C., 30 min.) 'and stored individually at -200 C. until HA orHl titra-

tians were performed. 

5) ASSAY OF RETICULOENDOTHELIAL SYSTEM (RES) ACTIVITY 

The grblopectic activity of the RES duri~g experimental 

Trichinellosis in the rat was assayed according to methods adopted from 

Biozzi et a1. (1953). A colloïdal suspension of carbon particles (20-30 m)l 

in size) stabiHzed in fish Jlue free from shellac (preparation #Cll/1431A­

Pelikan Special Biologica1 Ink, Gunther-Wagner, Pelikan Werke, Hanover, 

Germany) was administered via the tail vein to rats previously anaestheti zed 

intraperitoneally with Nembutal. The dose of carbon was cctlcu1ated to be 
1 

8 mg/lOG grams body weight. 10)l1 samples of blood were obtained from the 

taïl vein of rats at 12, 4, 6, 8, 10, and 12 minutes after the injection 

/ 

\ 
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Of~ollO\dal carbon using pre-calibrated 10].11 capillary tubes and 
• 

"Unopettes" containing 4.0 ml o~ 0.1 M sodium carbonate ~s dilue~t. 

The concentration of, carbon in these sampl es was read spectrophoto-

metrica11y at 6Sfr nm on a Pye Unicam SP1800 Ultraviolet Spectrophoto~ 

meter tha't was pre-cal ibrated to read carbon concentration directly in 
\ 

mg/ml. l~hen the log of the carbon concentration is plotted against 
. , 

sampling time, the clearance rates are linear and can be expressed 

as a slope K, where K' = log Co - log C or C = C 10-kt . C is the concen-
T 0 _ 

tration of carbon in the blood at time T and C the b100d concentration o 
of carbon just êifter the injection and before the particles are absorbed 

by the RES. K is a constant which charactèrizes the clearance rate of 
'\ 

carbon from the b100d and is c~J1ed the Granulopectic Inde'x (Biqzzi et ll. 
. , 

1953). Two-variab1e linear regression analysis was performed on,10910 

'. 

carbon concentration vs. time, usillg the' preprogrammed functions of a Monroe 
.: 

1860 Calculator and the slope of the regression lines used a~the value 

of 'iK" for each rat tested. 

l! 6) HEMAGGLUTINATION' AND HEMOL YS IN TITRATIONS 

The direct0hemagglutination (HlI) test was done essentially'as 
il 1 

described by Sta~itsky (1954). Serial two-fold dilutions (0.05 ml) in PBS 

(pH 7.2) of inactivated (560 C., 39 min.) rat a~ti-SRBC antisera were mixed 

with 0'.025 ml of 2.5% SRBC in "Microtiter~' plates (Cooke Laboratory Products; 

A1exandria, V;rginia). After m;xing, the plates were ;ncubated at room 
, 

tempe.rature and the aggl utination titer was read after 12 hours as the 

highest dilution showing a 1+ reaction (Stavitsky 1954). Similar volumes 

"Of SRBC were used for hemolysin (HL) titrations and 0.05 ml (5 CH50 unit,) 

of Guinea Pig Serum (BBL, Cockeysville, Maryland) diluted ;11' Vè'~onal-

\ 
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Bu\ffered $a1ine '-(pH 7.4, McVicker (1962))\vas added as a source of comp­

lement ta each of the serum,dilutions.~After mixing, the plates wer,e in-
v 

cubated for 12 hours at room temperature and the hemolysin titer re'ad as 
, , J 

the highest serum dilution showing 50% hemo1ysis. In bath tests the ap-
l ' 

propriate positive and negative contro1s were inc1uded. 
,\ 

7) IN VITRO LYSIS AND AGGLUTINATION OF TRYPANOSOMES 

The in vitro agglutination of trypanosomes was done essentially 

as described by D'Alesandro (1976). Serial two-fold dilutions (9.05 ml) 

in PBGS (PBS pH 7.2., containing 1% glucose tw/v))of i!lactivated (56P C. , 
1 

30 min.) rat antisera were m;xed with equal volumes of PBGS containing 
1 • 

~prox'imate1; 5.0 x 107, trypanosomes (collected either 6 or 14 days after 
, / 

.: 

infection) in "Microtiter" plates. After mixing, 'thEf plat~s were incubated 

, ' 1', 

at 370 C. for 30 min. and the agg1 utination titer was read microscopically 
r -t".jo 

as the highest dilution to show a 1+ agglutination reaction (D'Alesandro 
, '-

1976). For trypano1ytic titrations, O.025·ml (5 CH50 units) of Gu'inea Pig 
1 

Serum (BBl, Cockeysville, M~rYlan~l diluted i~ Veronal-Buffer~d Saline 
\ 

was added as a source of complement to eacl'l of the serum dilutions. After 
/ " 

mixing, the plates were incubated at ~7o C. for 30 minutes and the'lytic 
1 

titer read microscopically as the lart dilution to show lysed organisms. 
t 

In both tests the appropriate posit;lvel and negative controls were inc1uded. 

/ 
8) IMMUNOCHEMICAl ANALYSES 

Ouehterlony double immunodiffusion was. performed according to 

the princip1es outlined by Ouchterlony (1958) on microscope sl,ides (25 x 

75 mm) coated with 1% Agarose as described below for immunoelectrophoresis. 

Micros1 ide immunoel ectropho.res i s was performed fo11owing the 

l' ", 
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princfples described,by Schiedegger (1955) uSirig microscope slides" \ 
\ ' 

f (25 x 75 mm) cO.f.ted with 1% Agarose (Bio-Rad, Mississauga, O.ntario') in 

. 50 mM Trois - 133 mM 'G·ly~ine electrophoresis buffer (pH '8.~ co~ta.rn:n9 
0.5% (v/v) Triton X-100 and 0.01% spdiurri azi'de. A.!ltigen wells wer~1 charged 

with 1O1l1 of TLE (lOO1l9 protein) or TSE (100119 protein) and electrophoresed l' 
1 

at a'potential o~ 6 V/cm (actual outP~t, 350 Volts). A p~ned serum 

albumin reference (Amido-Schwartz Stain) was allqwed to migrate 5 cm 

('\11 hour) after which electrophoresis was stopped. Serum troughs were filled 

with the app"rbpriatE7 antiserulJI and slides were a11awed to deve10p for 24 

hours at room temperature in a humidified atmosphere. Slides were washed --extensive1y for 72 hours in 6 changes of 0.1 M sodium chloride ta remove 

unprecipi'tated proteins and for 24 hours in 3 changes of distil1ed water: 
, 

~els wer,e dried overnight at 370 C .. and sUbsequently stained with Amido-
\, 1. 

Schwartz 8-10 (Uriel and _Grabar 1956) for 10-15 minutes an~ decolorizedwith 
l , 

2% acetic acid for 30 minutes. In sorne cases, the sl ides were stained with 

the more 'sensitive protein stain, Caamassie Brill iant Bl"ue, in arder to 

identify very weak precipitin 1 ines (p.5 grams Gurr'.s Coomassie Brilliant 
i! 

Blue, #1137, Esbe, Toronto, dissolved in 40.0 ml ethanol, 50.0 ml saturated 

Mercuric Chloride, and'lO.O ml Glacial Acetic acid). After a 5 minute 

staining period, the sl ides \lJere washed in ethanolj\'Jaterjacetic acid 

40:50:10 for 10-15 minutrs. \ 

Two dimens iona1 ,crossed-immunoe1ectrophores i s is a very sensiti ve 

/ / technique that is parti cul arly wel1 sGited to -çhe characteri zation of com­

plex antise;~ w'ith weak precipitin lines, where it is nec~ssary to identify 

reactions of identity between heterologous antisera and antigens. The tech-

\ j n1iques for two dimensional crossed-immunoelectrophoresis (CIEP) and crMse~~ 

~ 
immunoelectrophoresis with întermediate gels (CIEPIG) have been extensively 

described by Axe1sen et~. (1973). Briefly, glass m1croscope slides 

~ 

\, 
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, (50 x 75 mm) were co?-ted with 1% Agaros'e'in 50 mM Tris 133 mM Glycine 
. ' 

e)ectrophoresis buffer (pH 8.'?1 containing 0.5% (v/v) Triton X-100 and 
, , 

, ' 

0.01% Sodium Azide. Antigen wells were charged with lO~Jl, of the appro-

pri~te an,tigen \(TSE or TLE, lOOllg protein).- and were e1ectrop~oresed in 
.... 

the first dimens';on at 6 V/cm (actual outp'\!t,!350 Volts) unti1 the pre-
o \ 

stained albumin reference (see above) was 0.5 cm from th~ edge of the 
, , 

slfde ("'50-60 min.). Second dimension e'lectrophoresis with intermedia\tè ' 

gels was carried out using 400111 or lo<rlll gf antiserum in the reference " 

or intèrmediate gels respect; vely and control 91 ides recei ved' 100\.11 of~ 

norma r rabbit serum in. the i ~ termed i a te ge 1 s. Anttgens were e lect'rophores~d 
\ . 

in the second dimension inta the antibody-cantaining gels at a potential 
Q , 

\ 

of 2 V/cm '(actual outJ:lut, 110 Volts) for 14 hours, in a humidified atmosphere' 
\ 1 

at room ~emperature. The' gels were washed, in four changes of 1.OjM sodium 

chloride for '72 hours ta remove soluble proteins and detergent, and after 

rinsing in disti1led water for 24 hours" the gels·were dried ovérnight at 

. 370 C. and subsequently· stained with Coomassie Brill iant Bl üe as described 

above. 

Q 

9} SPL'ENECTOMY , i 

, ,. Rats were anaestheti zed wi th i ntraperitonea l inje,cti ons of Némbu-
JJ 

ta1, 1aparotomized, and the spleen exposed. Splenjc mesenteries were tied 

uSing absorbable sutures (Ethi'Con Sutures Inc., Peterborough" Ontario) and 

the spleen was resected. The abdominal cavity was closed using -absorbable 
o , 

sutures and surgical clips (Wound Clip - 9 mm, Clay Adams" New J'ersey). The 

entire operatJon took .10 minutes and the rats recovered qUi,ck1Y for the sur­

gery. Control animals were sham-operated py performing ?aparotomy and expos-

ing the spleen. 
, .. 
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10) EXPERIMENTAL PROTOCOLS 
'.' 

EXPERIMENTS I-IV - CONCOMITANT INFECTIONS~F T. spiraTis AN'D 1. 'lewisi 

The fo1lowing set of exp'eriments was designed to examine the in-

f1uence of I. spira1is on host i~munological responsiveness to CODcomitant 

infections with T.~lewisi. Four factors were investigated, relative to the 

potentiiition of acquired inmunity ta T. lewisi during Trichinellosis in the 

rat host: Q , 

1) The inoculating dose of T. spiralis 

2) The i'ntens ity of muscl e pa ras i ti sm 

3) The stage of the nematode 1 ;,fe cycle in the host during 

which rats were ~allenged with a trypanosome infection 

4) The in'f'luence of splenectomy on immunopotentiation,.. 

24 Charles River, inbred a1bino, female rats, were used in 

each experiment. Three groups of six rats each were inocul ated wi th 100, 
1 

50q, or 1500 infective muscle larvae of 1. spirHlis and six animals were 

kept as uninfected controls (controls rece'iveq a sham inoculation of PBS). 

Four separate experiments we~e conducted in which rats. were chall enged with 

"- T. l'ewisi at 7 (Exp. 1),14 (Exp.')I)" 28 (Exp. III-A), or 56 (Exp. IV) days 

after {nfee'tian with '1". spiralis. As p'art of experiment III, a~ additional 
1 

'. ,",group of 30 rats were inoculated as follows (Exp. III-B): Three groups of 
1 

, six rats eacli were inoculated with T. spir.alis atthree 1eve1s of infection 

as abov~ and twel ve rats were kept as uninfeeted control s. 26 days after 

:infection (2 days before trypanosome challenge) the three infected groups 

plus hal f of the contr:ol group were splenectomized. :The other half of the 
p .. 

. -control group received sham operaUons. 
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Trypanosome parasitemia wàs followed in all experimental animals· , , 

by daily hemocytometer counts of tail blood as described previously. Thirty 

days after infection with T. l~w.isi, the T., spiral is-;nfected 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 deterrnjned for each infected rat. Experi­

mental an;'mals were separated into larval dosage groups and larval recovery 
• , 

groups based orr these results. The daily mean trypanosome parasitemias for 
, , 

each larval recovery group and larval dosage group were plotted against 

days after infection with trypar.tosomes,' and the course of 1. le~isi para-' • 

sitemia in nematode-infected rats compared to that of the uninfected control 

groups. J 

=..::..:.:.:~~;...;.,;. - COMPARATIVE IMMUNOCHEMICAL ANALYSIS OF PARA~ITE ANTIGENS 

erJmental model that deals with concomitant parasitic 

infections, there ex; sts the poss; bil ity that th~ competiti ve interactions 

that occur may be associated with antigenic relationships ,between parasites 

and the synthesis of homologous antibodies by the host: In parasitic infec­

tions ~here specific immunoglobul in plays an essential role in acquired 
r, 

immunity (as is the case for 1. lewisi), this tyte of interaction may be of 
1., 

paramount importance in the hast response to intercurrent infections with 

anti genic~llY rel ated iorganisms. The fol l owing immunochemical analykes were 

conducted in order to test for the possibil ity of cross-reactivity bet~een 

T. spiralis and 1. lewisi antigens: 

l}, TSE and TLE were compared us ing rabbit an tisera to each extract 
'i 

by Ouchterlony immunodtffusion, microslide immunoelectrophoresis, 

and two dimens ional crossed-immunoel ectrophores i s \'1ith inter-
, 

mediate gels. 
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2) TSE and TLE were also compare,d by immunodiffusion and micro- " 

slide immunoelectrophoresis using antisera (immune and hyper-. , 

immune) produced in rats during natural infections. 

EXPERIMENT V-B - TITRATION OF RAT ANTI-T. spiralis IMMUNE "SERA FOR 

L y tIC AND AGGLUTINATING ANTIBD.DIES TO 1. l ewis i 

Rat antisera were coll ected from animals that had been infected 

with 100 or 1500 l'arvae of 1. spiralis for 7, 14, 28, or 56 days and were 

tested in vitro for the ability to lyse or agg1utinate living trypano­

somes collected either 6 or 14 days after infection (reproducing' forms or 

inhibited adult forms respectï vely). 

EXPERIMENT VI - ASSAY OF RES ACTIVITY IN EXPERIMENTAL TRICHINELLOSIS 

Thè fol 1 o\'lÎng experiment was conducted in order to assess the 

, " 

influence of 1. spiralis infections on' RES activity as it relates to both ...-. 

the course of the infection and the parasite 9urden in the rat hosto 

60 Charles River CDF, inbred albino, fema1e rats were used in 

, "this experiment. Two groups of 20 animals each were inocu1ated with 100 or 

1500 infective muscle 1arvae of 1. spira1is and 20 rats were kept as age 
t> 

and weight-matched controls. RES activity was assayed at 7, 14, 28, and 

56 days after infection with T. spiral is 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 describ,ed above using slopes obtained from 1 inear regression 

ana1ysis of the carbon'} clearance data (the correlation coefficients (r) in 

this analysis were always greater than -0.97 and there were no significant 



'\ 
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differences in the val ues of I~rll 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 
( 

" 1 1 • I!1dex "K" for each group was plotted against days after infection with 

T. spiral is and RES activity for infected groups compared to uninfected 

control s. , , 

EXPERIMENT VII - ASSAY OF IMMUNOSUPPRESSION DURING TRICHINELLOSIS . 

Immunosuppression is we11 characterized in experimental 

Trichinellosis in the mouse model and maximum suppression of. the response 

, to SRBC has been shawn 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 1 ife cycle, l evel of infection, or 

immunopotentiation. The following experiment was conducted in order to 

asses.s the effect of T. spiralis infections on the humoral antibody re­

sponse of the rat to the heterologous antigen. SRBC. 

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 1arvae of 1. spiralis and 20 rats were kept as 

contro1s. The humoral response to SRBC was assayed in infected animals by , 

immunizing 5 anima1s from each group with 2.0 x 109 SRBC g~ven 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 dete~ined and expressed as 1092 titer and 

the difference between the me.an experimental and mean control values was 

plotted against the days after infection when the rats were immunized. 
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n) STATISTICAL ANALYSES 
1 

... 
! . 

A statistical a~nalysis of experimental results was canducted 

using the Ana1ysis of Variance, F-test, Student's t-distribution test 

(Snedecor and Cochran 1967) and Duncan' s new mul ti pl e range test (Duncan 

1955) where appropriate, and when necessar,y, extraneous val ues were re­

jected using the Q-test (Dean and Dixon 1951). 

RESUl TS 
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EXPERIMENTS I-IV - CONCOMITANT INFECTIONS OF T. SPIRALIS AND T. LEWISI 

The intensity of muscle parasitism was determined in experiments 

I-IV in arder ta assess the dose-response rel ationship of T. spiral is in the 
1 • 

rat host as it relate~ ta the potentiation of immunity to challenge infections 
1 

with T. lewisi. For the purpose of comparing 1. lewisi parasitemias in nema-

tode~~cted. groups to uninfected ,~ontrols, animal s were separated 

into gro~ps based upon either the initial dose bf 1- spiral is or the re­

covery of muscle larvae at the conclusion of each experiment. The three 

groups in each -category for experiments I-IV are shawn in Table 5.1. In 

general, all rats that were inoculated with a particular dose of infective 

larvae showed recoveries of encysted muscle larvae that were consistent 

with that dose. Daily mean trypanosome parasitemias for larval recovery 

groups and larval dosage groups are thereforè essentially identical and 

, the resul ts pre~ented in this chapter represent the mean trypanosome para­

sitemias for the larval recovery groups. 

EXPERIMENT 1 
1 

In experimènt I, rats were challenged ~;th 1. lewisi 7 days after 

inoculation with 1. s~iralis during the enteral phase of thè nematode infec-
, 

tian., The daily mean trypanosome parasitemias for larval recovery groups 

itl 
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TABLE S'.1 - LARVAL DOSAGE GROUPS AND LARVAL REéOVERY GROUPS 
. FOR EXPERIMENTS I-IV 

EXPERIf~ENT # LARVAL DOSAGE GROUPS LARVAL RECOVERY GRQUPS 
CLARVAE/RAT) CLARVAE/GRAM ± SE) 

1 100 139 ± 31 
500 1846 ± 229 

1500 \ 3S32 ± 834 
II 100 209 ± 22 

500 1110 ± lS9 
1500 3382 ± 520 

II I-A 100 155 ± 23 
500 1062 ± 71 

1500 2302 ± 26S 
1 II-B 100 189 ± 57 '\ 

500 , 1031 ± 123 
lS00 2792 ± 407 

IV 100 151 ± 14 ., 
500 425 ± 66 

1500 1653 ± 297 

l , 



f .., 

• 

'" are pr.esented in Fig. 5.1. On day 8 of the 1. lewisi infections (day 15 
\~ 

of the 1. spiralis infections), the mean parasitemias for anima1s. that 

received a dose of either 100 or 500 larvae or had recoveries of 139 ± 

31 larva,e/gram or 1846 ±229 1arvae/gram respèctively, were significant-:. 

93 

ly lower (52% and 47% of the control value respective1y. P<.05) than those 

of controls without I. spiralis infections. The group of "rats that received 

the higher doseiJOf 1500 larvae or had recoveries of 3,532 ±834 1arvae/gram 

showed no significant differences from the control gr~up throughout the 

course of the experiment. By 14 days into the trypallosome infections 

however, the mean parasitemias for all nematode-infected groups were 'hot 

significantly different from the controls. Therefore, a dose of l/~O or 

500 larvae/rat of T. spiral is 7 days before a ,challenge infection with 
- 1 

- 1 
1. lewisi, effectively altered the host response ta 1. lewisi as reflec-

ted by the inhibited development of peak parasitemias ;n these groups as 

compared to either the control group without 1. spiral is or the nematode­

infected group that received a higher dose of 1500 larvae. 

" 

EXPERIMENT II 

In experiment II. rats \'Jere challenged with T. lewisi at 14 days 

after inoculation ~I/ith 1. spirali~ during the peak period of the parenteral 

migration of newborn larvae to the muscle tissues o.f the hast. The daily 

mean trypanosome paras i temias for 1 arva1 recovery groups are i 11 ustrated 
1 v 

in Fig. 5.2. No significant differences in the 1€ve1s of parasitemia or 

the course of trypanosome infections were observed between the nematode-

infected groups or1the uninfected controls. It would appear that at day 22, 

.the parasitemia in the control group was lower than that of the nematode­

infect~d groups but these differences were not significant (P>.05). There-

~~ ... ' ~_AI!II"'I!II-~-;-. -;-,'17) "" :-... ;:;;i!'l~~ "~;:;;'i,~,·-""c-;;; ... ;:r.l,:;;;"""A" ___ ::;,-:-;-~----:,'î1 -r--~-':"""'"---"""\"--""""'---_____ .!TIïI.,t1îII'.M 
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FIGURE 5. l 

" 
Course of trypanosome parasitemia in rats challenged wit~ 

Trypanosoma lewisi 7 days after inoculation with Trichinella 

spiralis. Daily mean trypanosome parasitemias are presented for 

l arval recovery groups as shawn (l/gm = larvae/gram). 
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FIGURE 5.2 

Course of trypanosome parasitemia in rats cha11enged with 

. Trypanosoma lewisi 14 days after inoculation with ~ichinella 

".. spirali~. Daily mean trypanosome parasitemias far larval recovery.. 

groups are presented as shawn (l/gm : larvae/gram). 
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fore, in animals challenged with 1. lewisi at 14 days after inocul.ation 

with .J:.. sl?iralis, the course of trypanosome parasitemias was unaffected 

by the presence of the concomitant nematode infection. 

EXPERIMENT l II-A 

In experiment III-A, rats were challenged with T. lewi'si 28 
, -

1 \ 

days after inoculation with T. spiralis dJring the parenteral phase of ... -

98 

the infection when 1. spiral is is essential1y a chronic intracellu1ar 

parasite in' the host's striated muscle cells. The daily mean trypanosome, 

parasitemias for the 1arval recovery groups are presented in Fig. 5.3. 

A significant inhibition of T. lewisi parasitemia was observed in all 
. '" - / . 

nematode-infected groups in this experiment. On day 11 of the 1. lewisi 
.. 

infections,.(day 39 of the 1. spiralis infections)~, the mean parasitemias 
\ 

for the groups that were linoculated with doses of 100 or 500Jlarva~/rat 

-or had recoveries of'155 ±23 or 1062 ±71 larvae/gram respectively, were 

significantly lower (39% of the,control value, P<.05) than the control group 

without l. spiralis. These differences were significant u~til day 15 of . 
the trypanosome infections, after wh; ch time the nematode-inf~ctèâ -gr..Q~ 

and control group d'isplayed similar levels of infection. Parasitemia was -~­
also inhibited to some degree (69~j of the control value) on day 11 in the 

( ---.....---.. 
nèrnatode-;n fected group that was inocu1 ated with a dose of 1500 1 arvae/rat 

( 
~" 

,f 

or had rec~veries of 2302 ±265 laY'Vae/gram, but not ta the same extent as 

.) in the groups that \oJere inoculated with the lower doses of 1. spiralis. 

/ It woul d appear from these resul ts that the inhibition of trypanosome 

~ paras itemi a or immunopotenti ation during these LConCoflli~tant infections 
! 

(\ bears an inverse relationship to the level of infection with T. spiralis 
, -

(dosage or recavery of musclè larvae), such that l()w level infections 

»4 St"n . --""l .... ....."...-------
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Course of trypanosome paras i te!"ia,. i n rats cha 11 enged wi th 

Trypânosonfu lewisi 28 days after inoculation with Trichine1Ta 

:~Sp\ira1is. %'Qài1Y mean trypanosome parasitemias for larval recovery 

groups ar~' presented as sho~n (l/gm = 1arvae/gram). 
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enable the host to resl?ond il1>re efficiently to a trypanosome challenge 

than do hi gh 1 evel infections. 

EXPERIMENT II1-B 

In experiment 1 I1-B, s imil a r groups of nematode-infected and 

101 

control animal s were spl enectomiZed two days before trypanosome challenge, 

in arder to assess the influence of the spleen on immunopotentiation in 

this model. At 28 days after,the inoculation 0; 1. spiralis (two days a!er 

splenectom~), all splenectomized and cQntrol gro~ps were challenged with 

l~ lewisi as in~experiment III--A. The daily mean trypanosome parasitemias 

for the larval recovery groups are il1ustrated in Fig., 5.4. No significant 
, , t' 

differences were observed in trypanosome parasitemia between splenectomized, 
J-

nematode-infected rats and the splenectomized uninfected controls. In 

splenectomized animals however, the mean peak parasitemias in all groups , 
were enhanced approximately 5-6 fold over tnat of sham-operated controls. 

Therefore, splenectemy seemed te effectively interfere with th~ 
J 

immunopotentia tion that occurred in exper,iment II I-A (Fig. 5.3), with low 

level infections of T. spiral is. 

EXPERIMENT IV 1 

In experiment IV, rats were challenged with T. lewisi 56 days 

after inoculation with T. spiral is during the chronic, intracellular muscle 
..... 

sta,ge of the infection. Daily mean trypanosome paras; temias for the ,larval 
l, 

recovery groups are presented in Fig. ~.5. No significant differences were 

- observed between the_ nematode-infected groups and the uninfected controls 

in either the mean levels of parasitemia or the general course of the 

trypanosome infections. Therefore, the potentiation of the-, hast response 
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Course of trypanosome paras; temia in splenectomized rats 

challenged with Trypanosoma lewisi 28 days after inoculation with 

Trichinella spiral is (2 days after splenectomy). Daily mean 

trypanosome parasitemias for larval recovery groups are presented 

(spl en. = spl enectomy; l/gm = 1 arvae/gram) . 
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FIGURE 5.5 

èours~ of trypanosome parasitemia in rats challenged with 
1 

Trypanosoma lewisi 56 days after inoculation with 'Trichinella 

spiralis. Daily mean trypanosome parasitemias for larval recovery 

groups are presented as shown (l/,gm = larvaejgram). 
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to T. l ewis i that was evi dent when rats were cha 11 enged at 7 or 28 days 

after infection with 1. spiralis (Exp. 1 and Exp. III-A) was aq,rogated 

56 days after the nematode infection. 
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, - ,: 
EXPERIMENT V-A - COMPARATIVE IMMUNOCHEMICAL ANALYSES~OF PARASITE ANTIGENS 

A comparative immunocnemical ana1ysis of T. 1ewisi and 1. spiralis 

antigens was conducted in order ta rule out the possibility that immunopoten­

tiati~n during concomitant infections with these two parasites may, be the 

resu1 t of cross-reacting antigens and the synthesis of homo1ogous anti-

bodies by the hosto 

Ouchterlony immunodiffusion, u,sing immune or hyperimmune sera fram 

rats infected with either 1. spiral is or T. lewisi as wel1 as antisera 

from rabbits immunized with antigen extracts of these parasites~ did not 

detect the 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 déterminants 

(Fig. 5.8). 

EXPERIMENT V-B - TITRATION OF RAT ANTI-T. SPIRALIS IMMUNE SERA FOR 

LYTIC AND AGGLUTINATING ANTIBODIES TO T. LEIHSI 

Rat ar'ltisera collected from animals that had been infected with 

]00 or 1500 1arv~e of 1. spiralis for 7. 14, 28, or 56 days were tested 

in vitro for their ability to lyse or agglutinate trypanosomes. ~ vitro 

lysis or agglutination of trypanosomes was not observed in any serum dilu­

tion for any of the anti sera tested, us ing ai ther reproduci ng forms (fi rst 

antig~nic variant) or in hfbited adu1 t forms (second antigenic variant),' 

'" 1 , 
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FIGURE 5.6 

OUCHTERLONY IMMUNODIFFUSION 

1 , 
j 

A - TSE (lo mg/ml) f , 
/ ~ J 

B - TLE (10 mg/ml) 
~ 
, 

l - Pool ed sera, rabbH anti - TSE i 
'j 

2 - Pooled sera, rabbit ant;- TLE ~ 
11 
~ 

3 - Pooled sera, rat anti-~ spiralis, 100 larvae/rat, Day 28 Î 

4 - Pool ed sera, rat anti- T. s~iralis. 1500 larvae/rat. Day 28 

5 - Pooled sera. rat ant;-T. s~iralis, 100 larvae/rat. Day 56 

6 - Pooled sera, rat anti- T. sQiralis, 1500 l arvae/rat, Day 56 

7 - Pooled sera, 
'. 

hyp~rimmune,' rat anti-l:.. spiral i51 

8 - Pooled sera, hyperimmune, rat anti-l:..lewisi 
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~_.........- __ w_ _ ______ _ 
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\ FIGURE 5.7 

IMMU OELECTROPHORESIS 

A - TLE (la mg/ml) 
"\ 

/1 B - TSE (la mg/ml) 
1 

l - Pooled rabbit anti-TSE 
. , 

(:, sera, 

2 - Pooled 
a 

sera, rabbit anti-TLE 

3 - Pooled sera, rat anti-T. sQiralis, 100 l arvae/rat, Day 28 

4 - Pooled sera, rat anti-L- spiral is, 1500 l arvae/rat, Day 28 
r" 

5 - Pooled sera, rat 100 l\arvae/rat, 
\ 

anti -L- ~~i ra 1 1,s, Day 56 

6 - Pooled sera, rat anti T. sQiralis, 1500larvae/rat, Day 56 

7 - ,?ooled sera, hyperimmune, rat anti-L- ~ral is 

() Pool e~ sera, hyperimmune, ra t anti-T.lewisi o -

ff 
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FI GURE 5.8 

TWO DIMENSIONAL CROSSED- It~MUNOELECTROPHORESIS 

WITH INTERMEDIATE GELS 

A - CONTROL SU DE FOR TSE 

1 - Antigen : lOpl TSE ( 10 mg/ml) 

3 - Intermediate Gel: 100\.11 Normal Rabbit Serum 

4 - Reference Gel: 4001-11 Pooled Rabbit Anti-TSE 

B - EXPERIMENTAL SLIDE FOR TSE 

1 - An t i gen : l O~ l TSE (10 mg/ml) 

5 - Intermediate Gel: 100\.11 Pooled Rabbit Anti-TLE 

4 - Re fe rence Gel: 40011 l Poo l ed Rabb it An t i - TSE 

c - CONTROL SLIDE FOR TLE 

2 - Antigen : 10\.11 TLE (10 mg/ml) , 

3 - Intermediate Gel : 100~1 Normal Rabbit Serum 

5 - Reference Gel : 400111 Pool ed Rabbit Ant;- TLE 

D - EXPERIMENTAL SLIDE FOR TLE 
2 - Anti gen ; lO)Jl TLE -( 1 0 mg/ml) 

4 - Intermediate Gel : 100~1 Pooled Rabbit Anti-TSE 

5 - Reference Gel: 400l-l1 Pooled Rabbit Anti-TLE 
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collected 6 and 14 days after infection respectively. Control antisera 

pooled from rats imnune ta T. 1ewisi showed positive titers of 1/16 and 

1/32 for 1ysi,s and 1/32 and 1/64 for agglutination when tested~ith in­

hibited adult forms or reproducing forms respectively. Control antisera 

poo1ed fram rats hyperimmunized against 1. lewisi showed positive titers 

of 1/32 and 1/64 for lysis and aggl~t;nation when tested as above with 

the first o,r second anti gen1ic variants respecti vely. 
" " , 

EXPERIMENT VI - ASSAY OF RES ACTIVITY IN EXPERIMENTAL TRICHINElLOSIS 

Immunopotenti ation in this model may be rel ated to an expanded 

fixed-macrophage phagocytic system, resulting in an enhanced remova1 of 

trypanosomes fr,am the bload stream during concamitaut infections. The 

functiona1 status of the RES was therefore assessed in arder ta evaluate 

the poss i bil ity of a correlation between enhanced fi xed-macrophage phago­

cytic activity and the immunopotentiation that occurred at 7. and 28 days 

after the nematode infection. The phagocytic activity of the RES was 

examined in rats ililfected with T. spiralis as it relates to both the level" 

of infection as well as the various stages of the parasite's life cycle in 

the hosto Granulopectic activity, as reflected by the intravascular clear-

,ance of cblloidal carbon partiel es, was followed at 7, 14, 28, and 56 days • 

a/ter inoculation with I. spiral is': The mean granulopéctic index "Kil for 

each of the infected groups (100 and 1500 larvae/rat) as well as the 

control s without nematode infections "'Jas plotted against days after infection 

" and the results are presented in Fig. 5.9. A sîgnificant enhancement of RES 

activity was obseryed in rats inoculated with a low do'se 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 differencè was 

not statistically significant (P<O.1). In rats that were inoculated- with 

the high dose of 1500 1arvae, RES activity1was nat significantly differ-
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FIGURE 5.9 

,Reticuloendothelial System activity during Trichinéllosis in 

the rat as measured by the rate of the intravascular clearance of 
c 

colloïdal carbon partiel es. Each point represents the me~fl granulo-

" pecti e index "Kil for fi ve experimental animal s. 
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ent from the control group at 14, 28, or 5~ day~ after infection. There 

'appeared ta be an enhancement of RES activity in this group at day 7, but 

this difference was not statistically signific;ant (P<O.l) due to the exces-

sive variations in the ë1earance rates for these anima1s. A low level in-

fection of 100 larvae/rat was therefore capable of stimulating RES activity 

at 28 days and po'ssib1y 7 days after infection, with gradual retur~ to nor­

mal values by day 56. lA high 1eve1,_ infection with 1500 1arvae/rat failed 

to produce s ignifi cant stimul ation' of RES acti vi ty during the course of 

the infection, a1though a possible stimulation may have occurred at day'7. 

Bath high and low doses of 1. spiralis failed to p~oduce a stimulation of 

RES activity at 14 days after infection. 2 

EXPERIMENT VII - ASSAY tiF IMMUNOSUPPRESSION DURING TRICHINELLOSIS 

Al though immunosuppression is well characteri zed in the mouse 

model, no information is available on the influence of T. spira1is on 
. 

immunological responsiveness ta hetero1ogous antigens in the rat hosto 

Whereas maximum immunosuppression in the mo~se mode1 occurs at 14 days 

after infection (Faubert 1976), trypanosome paras itemi as were unaffected in 

nematode-infected rats challenged with T. 1ewisi at this time (Exp. II). 

IFor the purpose of comparing the course of immunosuppression:'f6 immuno-

potentiation during Trichinellosis in the rat model, as it relates to both 

the level of infection and the nematode life cycle, rats were immunized 

'~ with the hetero1ogaus antigen, SRBC, at 7, 14, 28, and 56 ,days after in­

fection. Six days after immunizat ion, the serum hemaggl utinating (HA) and 

hemo1ysin (HL) antibody titers were determined as described above and the 

resul ts are presented in Fi g. 5.10, as the difference between the mean 

experimental and mean control ti~ers. Humoral responsiveness to SRBC in 

the group inoculated with 100 l~vae/rat was depressed only when animals 
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FIGURE 5.10 

\ 

The humoral antibody response to SRBC during Trichine1losis in the 

rat. L092 serum tit~r (experimental - control) for A) Hemolysin and 

B) Hemagg1utinating antibody titers to SRBC in rats immunized intra­

peritonea,lly with 2.0 x 109 SRBC at 7, 14, 28. or 56 days after inocu-

lation with Trichinella spiralis. Each point represents tbe difference' 
~) q 

between the means for five animals. ((8) - Control, no 1.' spira1is; 

(*) - 100 larvae/rat; (*) - 1500 1arvae/rat; (**) - P<.Ol; (ns) -

Not si gnificant) 
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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 the controls when rats were immunized at 7, 28, or 56 days after , 
. infecthln. In animals that were inoculated with the high dose of 1500 

larvae/rat, the humoral antibody response to SRBC appeared ta be depressed 

,l, throughout the course of the nematode infection, al though the di fferences 

fram the control titers at 7 and 28 days were not necessarily significant 

(P<O.l). 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 low dose of 100 

larvae/~at, immunosuppression was only a transie;t phenomenon, whereas the 

higher inoculatinq dose of 1500 larvae/rat produced a long-lived depression 

of humoral responsiveness to the heterologous antigen. 

• 1 

DISCUSSION 

t A summary, of the results in this study are presented in Table 5.2. 

These finding~ indicate that immunopotentiation occurred with low level inocu-
, 

la.ting'doses of 1. spir~lis when nematode-infected rats were challenged with 
\ ' 

t. lewisi at 7 or 28" days after ihfection with 1. spiralis. Immunopotentiation 

\'las a transient phenomenon hmlfever, and was abrogated wh en trypanosome chal-

lenge was initiated at 14 or 56 days after the nematode infection. The in-

hibited development of 1. 1ewisi parasitemia was related to both the inocu­

lating dose and the level of muscle paras'itism. In anima1s chal1enged with 

T. lewisi at 7 days after the nematode infection, immunopotentiation was 
\ - . '\, 

manifested by a si,gnificant inhibition of trypanosome parasitemia in those 

groups that were inoculated with 100 or 500 larvae but not with 1500 larvae. 

( 
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TABLE 5.2 
IMMUNOPOTENTIATIONJ IMMUNÙSUPPRESSION, AND ENHANCED RES ACTIVITY 
DURING TRICHINELLOSIS IN THE RAT HOST: A SUr1Î1~RY OF RESULTS 

~ . 
~J-i 

f 

" 1 

DAYS AFTER INFECTION - 7 14 ""J' 28 j6 

INOCULATING DOSE - 100 500 1500 100 500 1500 100 500 1500 100 500 1500 

IMMUNOPOTENTIATION + + + + ± 

-IMMUNOSUPPRESSION ND ± + ND + ND ± ND + 

ENHANCED RES ACTIVITY ± ND ± - ND + ND - ND 

+ = YES, - = NO, ± = UNCLEAR (NOT STATISTICALLY SIGNIFICANT), ND = NOT DONE 
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The development of, peak trypanosome parasitemi as was also inhibited in all 

nematode-infected groups cha11enged with 1. lewisi at 28 days after infection 

but the degree of inhibit.ion appeared to be inversely related to the level 

of infection (dose or recovery of muscl e 1 arvae). 

The extensive immunochemical analyses of parasite antigens in 

experiment V-A did not detect any common antigenic determinants between 
" 

1. lewisi and 1. spiralis, andrrat antisera that were collected 'throughout 
1; 

the course of a primary infection \~ith T. spiral is (experiment V-B), did .~ 

not lyse or agglutinate trypanosomes ~ 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 antiborlies by the hosto Under certain conditions, 

infections with metazoan parasites such as Nippostrongylus brasiliensis 

have been shewn te potentiate the humoral response (primarily IgE) te 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 1. spiral is may poten-:­

_ tiate the normal humoral respensiveness (ablast,ic or trypanocidal) of the 

host to T. l ewisi. However in v,ie\oJ of the known immunosuppress ive effects 

of 1. spiral is on the humoral antibody responses of the mouse to heter­

ologous antigens and viruses (see Chapter II), it seemed unlikely that 
1 

a potentiaiton of humoral responsiveness should oecur in the rat model. 

- For purposes ef comparison however, the immunosuppressive activity'of 

T. spiralis in the rat \Vas assessed by examining humora·} responsiveness 

ta the heterologous antigen, SRBC. The results summarized in table 5.2 

show that humoral immunosuppression was related to bath the Jnoculating 

\1 
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dose and the course of the infection. In rats inoculated with the low dose 

of 100 1arvae. immunosuppression was only a transient phenomenon and occur-
• 1 

red nTaximal1y at 14 days after infection, while the higher ;noculating dose 
1 

of 1500 larvae produced a lon~ -lasting dEtPression of the antibody response 

to SRBC. Al though humoraJ immunosuppression was evident in bath groups at 

14 days after infection, 1. lewisi parasitemias were rtever enhanced in 

nematode- infected ra ts chall enged with trypanosomes at this time. Therefore, 

1. spiralis did not appear ta exhibit any immunosuppréssive activity towards 

acquired humoral immunity to T. lewisi during concomitant infections, al-
- ! 

",though immunopotentiation did not occur when the trypanosome challenge was 

made during the times after the nematode infection when a depress ion of 

humoral responsiveness tO,SRBC was observed. 
1 

The mechanisms by whicn'I. spiralis induces immunopoterytiation 

are still unclear. Cypess et ~. (1974) and Meerovitch and Ackerman (1974) 

have suggested that immunopotentiation is a function of enhanced non-specifie 

cell-mediated immunityl' (CMI) with the activated macrophage as the effector 
\ 

cell. The fact that T. spiral is infections have been shown to decrease the 

susceptibil ity of mice to intracell ul ar paras,itism by L isteria monocytogenes , 

(Cypess et~. 1'974; Molinari and Cypess 1975) strongly supports thls sug­

'gestion. ~lore recentl y. ~leeroviteh and Bomford (1977) have demons trated that 

peritoneal macrophages taken from 1... spiral is-infected mice from 6-36 days 

after infection were cytostatic for ~1 luekemia cel1s .i!l vitro and these 

results lend further support to the rble of the activated macrophage as the' 

effector cell in immunopotentiation during Tri chinell osi s. 

Res~arch on the immunological respons~e rat to T. lewisi has 

not provided definitive evidence for a -t'ole of specifie or non-specifie cell­

mediated responses or non-specifie RES activity in controlling infections 
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with this parasite, other than a subsidiary function for phagocytosis in 

clearing lysed or agglutinated parasites from the b100d stream (Ta1iaferro 

1929; D'Alesandro 1970). However, recent research by Greenblatt (1973) 

demonstrated the presence of 1. lewisi in reticular spleen cells (macro­

phages) in close association with plasma cells in the spleens of infected 

rats. Although the trypanocidal mechanism may principal1y involv'e lysis and 

agglutination, it is highly probable that sp1enic macrophages play an im-
/ 

portant role in both the processing of parasite antigens and in the even-

" tual removal of parasites from the circulation (Greenblatt 1973). The in-

hibition of trypanosome parasitemia that occurred in nematode-infected 

hosts (experiments l, III-A) may be due to an expanded fixed-macrophage 

phagocytic system in the spleen, resulting in accelerated antigen proces-
'. 

sing or removal of trypanosomes from the blood stream. In order to evaluate 
1 

this possibility, the functional status of the RES wa, assessed during 

Trichinellosis in thë rat. The results from experiment VI suggest that a 

correlation)may exist between enhanced RES granulopectic activity and im­

munopotentiation, bpth of which occurred primarily with low 1evel inocu-

lating doses of 100 1arvae at 7 and 28 days after the nematode-infection, 

but not with the higher inoculating dose bf 1500 larvae (Table 5.2). Other 

workers have described a lack of correl ation bet\'leen ~n-hanced RES phago~ 

cytic activity (as assessed by the rate of intravascular clearance of col-

loïdal carbon particles) and increased resistance to infections with 

intracellular parasites (Bohme 1960; Lucia and Nussenzweig 1969; Ruskin 

_ ...... et ~.1969), and Cypess et~. (1974) failed to 'corre1ate enhanced RES 

activity with a decreased susceptibility ta ~ steria n~nocytogenes ~n mice 

infected with T. spira1is. However, T. lewisl is not an intracellular 
1 

.. 
.1 

.' 
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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 
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concomitantly infected rats. The spleen forms a relatively large part of 

the RES in the rat and the fact that splenectomy (experiment III-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 1. lewisi parasitemia. 

Styles (1965, 1970) was able to obtain a similar inhibition of 1. lewisi 
1 

parasitemia by pretreating rats with small seria1 doses of bacterial endo-
" / 

toxin or the toxin holothurin, a steroid saponin of the Bahamian Sea 

Cucumber, Actinopyga agassizi. Tate (1951) demonstra1ted similar resu1ts in 

rats infected 'previously with the spirochete Spirillum minus, such that 

rats challenged w~th I. lewisi after the sp.irochete infection developed 
1 

only transient, ubpatent parasitemias. Both authors suggested that these 

age[lts mayact ia the nôn-specific stimulation of RES activity, but 

neither attemp ed to correlate enhanced granulopectic activity and increased 

resistance to infection. 

he results qt' this s~udy suggest that immunosuppression and 

immunop tentiation are not mutually exclusive in Trichinellos'is, nor are 

they nec ssarily expressed against ail heterologous antigens or organisms. 
1 

Their expression may be,a function of the type of antigen emp10yed and the 

route of dministration (Lubiniécki and Cypess 1975), the intensity of the 

infectio (dose or muscle parasitism), or the timing of the var;ous modes 

of anti-g 

;n 

1 

stirnuîation by particular stages of the nematode's life cy~le 

as has also\been suggested by Faubert (1976). 
, '-c, 
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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 including the potentiation of hLlmoral 
1 

responsiveness ta trypanosome antigens and the role of non-specifie CM!, 

as wel1 as investigates the rol e of the various stages of the nematode l He 

cycle in the induction of this. phenomenon. 

/ 
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CHAPTER VI 

THE EFFECT OF TRICHINELtA SPIRALlS· ON THE DEVELOPMENT 

OF ACQUIREb HUMORAL IMMUNITY TO TRYPANOSOMA LEWIS! IN THE RAT 
1 

INTRODUCTION 

The mechanism of cross-protection during concomi tant infections 

of Trichine1la spira1is and Trypanosoma lewisi in the rat is·not clear. 

The extensive immunochemica1 analyses of parasite antigens presented in 

the previous chapter failed ta detect ~ny common antigenic determinants 

between 1. spiralis and 1. 1ewisi, and rat antisera that were collected 

throughout the course of a' primary infection with 1-~ira1 is did not 
" 

agglutinate or lyse trypanosomes in vitro. These results suggest that the 

inhibition of trypanosome parasitemia that occurred during concomitant in­

fections with these l parasites is probab1y not a function of antigenic cross-

reactivity and the synthesis of homo1ogous antibodies by the hosto However, 

these results do not rule out the possibility that T. spiralis infections 

may potentiate the normal humoral responsiveness (ablastic or trypanocida1) 

of the host to 1. lewisi either by enhancing antibody production (adjuvant 

effects) or by acce1erating the initial processing of parasite antigens. 

Under certain conditions, lnfections with a number of metazoan parasites 

have been shown to potentiate the humoral response of the host to pre-
1 

vious1y admin; stered heterologous immunogens (Bloch et~. 1973; Ja rrett 

1972; Orr and Blair 1969). However, in view of the known immunosuppressive 

, effects'of 1. ~ra1is on the humoral response of the mouse to heterologous 

antigens and viruses (Barriga 1975; Chimishkian and Ovumian 1975; Cypes? 

et~. 1973; Faubert 1976; Faubert and Tanner 1971. 1974; lubiniecki h ~. 

1974; Lubiniecki and Cypess 1975), it seemed unlikelY that T. spira1is 

, . 
" ~! 
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should poteritiate the humoral response of the rat to T. lewisi. An assess-
1 

ment of the humoral respansiveness of the rat during Trichinellosis to the 

heterologous antigen SRBC (Chapter V), showed that the dose (100 larvae) of 

1. spiralis that gave a maximum inhibition of trypanosome parasitemia, pro­

duced pnly a transient depressian of the humoràl respanse ta SRBC at 14 days 

after the nematode infection. Although 1. spiralis failed ta exhibit any 

immunosuppressive activity towards challenge infections with T. lewisi, 

immunpotentiation did not accur when the trypanosome challenge was made at 

this time . 
• 7 

<"" The experiments presented in this chapter were conducted in arder 

to examine the effect of 1. spi ra lis on acqui red humoral immunity to 

1. lewisi, since an accelerated or enhanced ablastic antibody response or 

first trypanocidal antibody response might account for the inhibition of 

tryp~nosome parasitemia that occurs during con1comitant infections with 

thèse paras ites. 

MATERIAlS AND METHODS 

1) THE ANIMALS 

, 

Charles River, CDF, inbred albino, female rats ('ù100 grams) 

(Charles River Breeding Laboratories, Wilmington, Massachusettes) were 
J 

used in this study. The animals were housed individually in wire bottom 

/ 

cages and received Purina Rat Chow and water ad libitum., Sfuck infections 

of T. lewisi and T. spiralis were maintained in Outbred, CD, albino female 
1 • 

rats ("'100 grams)(a Spl"ague-Dawley line; Canadian Breeding Farms, St. 

Cons tant" 'Quebec) . , 
) 

. ~ 
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2) THE PARASITES 

The strain of T. 1ewisi used in this study is described in detai1 

in Chapter V" Trypanosomes for initiating experimenta1 infections were 

obtained from stock-infected rats 12 days after inoculation. Experimental 

infections were initiated by inj~cting rats with 5 x 10 3 infective trypo-

" mastigotes (O.5m1) intraperi'toneal1y witho_ut anaesthesia. Trypanosome 

parasitemias were determined during the course of 1. 1ewisi infections by 

dai1y hemocytometer counts of tail blood diluted 1/200 uSing 10 III capillary 

tubes and IIUnopettes Il as descri bed previous1y (Chapter\ V). 

The strain of 1. spira1is 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 

;~experimental infections were obtained from donor stock rats which had been 
"-

inoculated thirty days previously. Experimental and sto'ck infection~ and '\ 

the recovery of muscl e 1 arvae from experimen)ta l animal s at the ·end of the 

study were done according to techn i ques adopted fram Tanner (1968) .and are 

described in detail in the previous chapter. 

3) EVALUATION OF THE ABLASTIC ANTIBODY RESPONSE TO T. LEWISI 

The production of ablastin, the reproduction-inhibiting anti­

body to 1. 1ewisi, was followed by a sensitive technique that measures 

reproductive activity by determining the coefficient of variation (CV) 

in the 1engths of trypanosomes in a divi ding popul ation (Tal i aferro and 

Ta1iaferro 1922). This techrlique provides a statistical index of parasite 
d 

reproductive activity which is a true reflection_of the changes in the 

titer of ablastfn during the course of the infection (Coventry 1925). 
,., 

fi 
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The CV was~ determined essentially a~ described by Tal iaferro and Tal iafer)..o 

{1~22). Thin blood films were prepared during the course of 'the infections, 

fi-xed in absolute methan,ol, and stained with Giems.a's Bl~od Stain. The e. 

slides were examined using oi1 immersio'n optics (lOOOX magnification) and 
'l'J. 
the m~dlines (total length from posterior end to the end of the flagellum) 

, " " .' ~ 'r • 1 ' 

-of 100 trypanosomes were drawn from random fields with the aid of a camera 

'lu~ida. The lengths of these midlines were deterrrrined usin'g a map measure 
1; « 

and the degree of variation -M' -size in the sample population of trypanosomes 
,C c 

was obtained by calculating the CV according to the fol1owing formula: 

"CV =' 100 x SO where sn = standard deviation of the m~an and -i:: Ix/n. ...., , 
x 

The mean coefficients of variation for animals in the nematode-infected 
...". 

and"contro1 groups were plotted agajns-t days after infeCtion ,with 1. lewisi 
'1 • 

in; order te compare the ablastic activity of ,these two groups during the 

course of the infection'. 

4)' COLLECTIQN OF SERA 

Experi~ent~l animals were bled from the tail' and thechlood was 
~ 1 \ ~ 

allowed to clot at 40 C. for 12 hours be~ore cenwifugation (1500 x ,g, 

io min.). The rat sera' wer~ heat-inactivated (56~fC.~ 30 min.l and stored 
" '\ , , 

individually at -200 C. until agglutination titrations werè performed. 
~ 1 

l, 

'1 ,f 

{) 

5) IN VITRO TITRATION, OF TRYPANOCIDAL 'ANTIBODIES , 

The in vitro aggl utination titration of the firs t and secotd 

" try pa no C\da 1 ant i badi es ta 1. 1 ewi s i was done essenti a Jiy as desc ribed 

by DIAlesà'ndro (1976). Seri al two-fold dilutions (.05ml) in PBGS (PBS, 
,~ f 

pH 7.2, containing 1% 911ucose (w/v) of inactiv.ated (560 C., 30min) in-
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fected rat sera were mixed with equal volumes of PBGS containing approxi­

mately 5.0 x 107 trypanosomes in IIMicrotiter ll pl ates. After mixing, the 

plates were incubat~d at 370 C. for 30 minutes and the agglutination 

titer was read microscopically, using phase contrast illumination, as the 

highest serum dilution to show a 1+ react&;or (D'Alesandro 1976). The 

ti tratiolls were made using pure suspens ions of trypanosomes that were 

collected at 6 days (l~ antigenic variant, reproducing stages) or 14 days 

(2nd antigenic variant, inhibited adul t stages) after infection according 

to the 'technique of Lincicomè and Watkins (1963). The appropriate positive 

and negative controls were included in the titrations. Agglutination titers 

were expressed as 1092 ti ter and the da i ly mean titers plotted aga i nst ' 
" 

days after infection with 1. l ewi 5 i. 

6) EXPERIMENTAL PROTOCOL' 

This experiment was designed "'to examine the influence of a low 
~ 

level infection with T. spiralis on acquired humoral immunity to 1. lewisi. - , 
1 

2Q Charles River GDF", inbred female rats ('V100 grams) were used in this 

experiment. Two groups of 5 rats each were inocul ated with 100 infective 

muscle larvae of T. spiralis (Groups 1 and III) and two groups of 5 rats 

each were kept as uninfected controls (Groups II and IV). Control animals 

4, recieved a sham inoculation of PBS.\ 28 days after infection wi"th 1. spiralis 

all groups were challenged with T. lewisi (5.0 x 103 trypanosomes given 

JI intraperitoneally). The course of 1- lewisi parasitemias in groups 1 and II 

were followed by daily hemocyt~meter counts of diluted blood, and thin blood 

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. lewisi 
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and the sera were coll ected as described abave. The agg1 utina tian ti ters 

of the 1.tl and 2nd trypanoc i da l an ti bodi es were determi ned du ri ng the 

course of the infection by titrating these sera with dividing form (lst 

antigenic variant) or inhibited adult form (2nd antigenic variant) try­

panosomes respective1y. 40 days after infection with 1. 1ewisi, the rats 
,p 

infected with 1. spiralis were killed and the number of encyst~d muscle 

larvae per gram of carcass determined for each experimental animal. 

7) STATISTICAL ANALYSIS 

A statistical analysis~f the results was performed using the \ 
,\ 
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Analysi's of Variance~ F-test~ Student's t-distribution test (Snedecor and 

Cochran'1967), and Duncan's new multiple range test (Duncan 1955) where 

appropri(J.te, and when necessary, extraneous val ues were rejected using 

the Q-test (Dean and Dixon 1951). 

RESUL TS 

The coefficient of variation in the lengths of trypanosomes was 

followed in order to assess the influenç,t'.of 1. spira1is on the ablastic 
, . 

antibody response of the rat ta 1. l ewi..u.. The course of trypanosom~ para­

sitemia and the CV for rats challenged with J. 1ewisi at 28 days after the 

nematode infection are disp1ayed in\ Fig. 6.1. The mean ÇV 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 

in trypanosome parasitemia that occurred in othe control group was i)lhibited 

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 val ue (P<. Dl) and si gtfificant 
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FIGURE 6. l 

A) The course of trypanosome parasitem;a (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' challeng~ed with 

L- lewisi at 28 days after inoculation vii th .h spiralis. 

(*) = 100 larvae/rat, recovery of 149 ±17 larvae/gram (Group I) 

)- (0) - Controls, no L.. spiralis (Group II) 
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di fferences between these two groups were still evi dent a t 14 days a fter 

infection. Therefore, while trypanosome parasitemia was inhibited in the 

~ematode-infected animals, the ablastic antibody response of the rat was 

neither enhanced nor suppressed by the previous infection with 1- spiralis. 

The production of the two trypanocidal antibodies viere followed 
l 

duri ng the course of the 1. l ewïs i ' infeètions by titrating the infeeted 

"rat sera for agglutinating antibody ta either the l~ antigenic variant 

or the 2@ antigenie variant and the results are pres,nted in Fig. 6.2. 

The lst trypanoeidal antibody was initially detected on day 10 of the 

trypanosome infection and continued to increase in titer until day 25. 

Tflere were no significant differences, however, in thJ lst trypanocidal 

a antibody titers œtween the nematdde-infeeted group (III) and the contro~ 

group (IV). The 2IlS! trypanocidal antibody was first deteeted on day 25 of 

the trypanosome infection and continued to increase in titer until the end 
1 

of the experiment (day 40). There were also no significant differenees in 

the 2nd trypanocidal antibody response of nematode-infected and control 

groups. These resul ts show that the previous infection of the rat with 
o 

1. spi ra lis had no effect on the production of the two trypanocidal anti-
~~) 

bodies ta T. lewisi. 

.. 
DISCUSSION 

Aequired humoral immunity to T. lewisi is well characterized 

and can be divided into three separate and distinct antibody responses: 

1) the abl astic antibody response which inhibits the reproduction of the 

parasite, 2) the lst frypanocidal antibody response which is specifie for 
, 

,~ ( ~ 

di~ding stages (1 st antigenic variant) and causes the fi rst erisi s, and, 

~ the 2nd trypanocidal antibody' repsonse which is specifie for non-dividing, 

, 
, "1 
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( FIGURE 6.2 

Mean agglutination titers (log2 ±SE) for rat sera collected 
, 

during the course of L lewisi infections ifn animals challenged with 

trypanosomes at 28 days after inocula,tion \'1ith h spiralis. 

A) Agglutination titers of the l~ trypanocidal antibody (titrated 

\<Jith living reproducing stages, ln antigenic variant). 

B) Agglutination titers of the 2ilQ. trypanocidal antibody (titrated 

with non-dividing, inhibited adul t stages, 2.!!f!. anti genic ,variant). 

(*) = 100 l~rvae/rat, recovery of 129±23 larvae/gram (Group III). 

(e) = Controls, no h spiralis (Group IV). 
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:; 
inhibited adult stages (2nd antigenic variant) and causes the termination 

"- / 

of the infection (Taliaferro 1926). A suppression or potentiation of the 

production of any of these humoral antibodies may effective1y alter the 

normal course of trypanosome parasitemia: The enhanced production of ablastin 

may cause parasite reproductive activity to be inhibited at an earl ier stage 

in the infection resulting in an overall decrease in peak parasitemia. The 

enhanced production, of the l~ trypanocidal antibody may have a simi1ar 

effect by causing an acce1 erated first crisis with an ear1 ier switch to 

'the 2~ antigenic variant and the enhanced or acce1erated production of 

the 2~ trypanocidal antibody would probably result in an earlier termina-
• <1 

tlOn of the infection. 

The immunopotentiation that was observed in concomitant1y infected 

hosts in this study (Fig. 6Cfi and in the studies in Chapter V. occurred 

during the early stages of the trYPifnosome infection. such that peak try­

panosome pa rasitemi as were inh i bited in 1. spi ral is- infected hosts by day 

~ inoculation with 1. 1 ewis i. Al though immunopotenti ation occurre~ 
during the period of the jnfection \oJhen ablastin and the lst trypanocidal 

1 )11 ' - 1 

antibody ~Jere increasing in titer, the results of this study indicate that . 

the titers of these immunoglobul ins were essentially identical in nematode-

infe.c,ted and control animal s. It ~lOul d therefore appear that the inhibited 

development of 1. lewisi infections in thi~ model is not related~ a poten­

ti ation of humoral respons i veness to trypanosome anti gens. 

Under certain conditions, infections with a number of parasitic 

helminths have been ishown to-potentiate humoral or cell-mediated immune 

responsiveness to heterologous antigens and tumors. Infections with 

Ni ppostrongyl us bras il iens i s, for ins tance, ha ve been shown to potentiate 

the reaginic (IgE) antibody response of the rat ta previously administered 
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heterologous immunogens such as egg alburnin and con a1bumin (Orr and Blair 

1969; Jarrett 1972). This potentiation was shown ta be of short duration 

however, and did not invo1ve immunoglobulin classes other than IgE (Bloch 
~ 

et~. 1973)~ Keller et~. (1971) have shown that the growth of Walker 

Sarcoma cells in rats was either entirely suppressed or greatly enhanced 

during li. brasiliensis infections, depending upon the timing of the tumor 

ce1l inocu1um ~n relation to the parasitic infection. The growth df a syn­

geneié adenocarcinoma was a1so suppressed in mice infected with li. brasiliensis 

regardless of whether the infection was initiated before, after or wi th the 

tumor cell inocu1um. Keller and Jones (1971) have investigated the mechanism 

of this host-parasife'interaetion and suggest that the anti-neop1astic 

/ 

/ 

l , 

a.ctivity of th; nematode resides in a stimulation of non-specifie cel~-

mediated immunlty in the form of non-specifie cytotoxicity'of specifi-cally 

activated macrophages. Simaren and Bammeke (1970) have also demonstrated 

immunopotentiation during infections with N. brasil iensis such that rats 
1 -

co~currently infected with Trypanosoma congolense show reduced trypanosome 

parasitemias and enhanced survival times as compared to contro1s without the 

nematode infection. 

Immunopotentiation is also well characterized in Trichinellosis. 

The ab1il ity of 1. ~iral i_~ illfections to decrease the susceptibility of 

mice tG L isteria monocytogenes (Cypess et ~. 1974) and potentiate cell­

mediated (delayed type) hypersensitivity"to BCG is we11 documented (C.ypess 

et &.1974: Molinari et ~.1974; Molinari and Cypess 1975). Additionally, 

1. spiralis-infected mice demonstra~_e considerable antineop1astic activity 

against B-16 Melanoma ang Lewis Lung Carcinoma (Molinari and Eberso1e 1976), 

spontaneous mammary carci noma (Weatherly 1970), and S-180 Ascites tumors 

(Lubiniecki" and Cypess 1975). Although T. spiralis has been shown to stimu-

.< • 
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late specifie or non-spe<ï:ific 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. 
1 

In view of this marked abilÜy of 1. spira1is to potentiate cell-mediated 
. 

immunity and stimul ate reticul oendothel ial system acti vit y (Chapter V). and 

the failure of the present study to demonstrate an enhanced humoral respanse 

ta T. lewisi, it is hi9hljJ probable that the inhibition of trypanosome l, 
- ) 

parasitemia during concomitant infections with these two parasites is a 

refl ection of enhanced non-specifie RES activity or non-specifi c cell-mediated 

immunity as was suggested previous1y (Meerovitch and Ackerman 1974; Ackerman 

and Meerovitch 1975). 

l 
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CHAPTER VII 

THE EFFECT OF IMNUNIZATION WITH AN ENTERAL OR PARENTERAL 

INFECTION. OR A SOLUBLE ANTIGEN EXTRACT OF TRICHINELLA SPIRALIS 

ON THE IMMUNOLOGICAL RESPONSE OF THE RAT la TRYPANOSOMA LEWISI 

INTRODUCTION 
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,( 

The study presented in Chapter V examined the kinetics of immuno­

pot~ntiation in Trichinellosis in the rat host during concomitant infections 

of 1. spiralis and 1. lewisi and demonstrated the transient nature of this. 

phenomenon. The inhibitDr~ effect of 1. spiralis infections on trypanosome 
, 

pé\rasitemias occurred only when rats were challenged with 1. lewisi at 7 or 

28 days after the nematode infection. and was abrogated if challenge was 

made at 14 or 56 days after infection. The expression of immunopotentiation 

towards T. lewisi. the depression of humoral responsiveness to sheep red 
- 1 

blood~ells (SRBC), and the stimulation of reticu1oendothelia1 system (RES) 
1 

granulopectic activity during Trichinell~sis. were all a function of the 

intensity of,the infection (dose or level of muscle parasitism) and more -
1 

importantly, they appeared to be related ta the timing of the various develop-

mental stages (adult, migratory, or encysted intracellular muscle stage) of 

the nematode life cycle in the host. 

The transient nature of immunopotentiation and immunosuppression 

in Trichinellosis has been reported previously in the mouse model (Cypess 

et 2.l. 1973, 1974,; Lubiniecki et~. 1974;1 Lybiniecki and Cypess 1975; 

Vernes et al. 1975). Recent research by Faubert (1976), investigating the 

kinetics of immunosuppression in Trichinellosis, has indicated that depressed 

immunological responsiveness ta SRBC is w~ll correlated with the peak migra­

tion of the newborn l arval s t\age to the muscl e ti ssues of the host around 

" 

A· .... 
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14 days after infection. and tha~ this phenomenon may be associated with 

the in vitro secretion of an immunosuppressive fact'or by this deve10pmental 

stage of 1. spi ra1 is. More recent work by Ackerman and Faubert (1977) has, 

indicated that a marked suppression of the spl enic pl aque-forming cell re­

sponse to SRBC can be obtained by injecting mice intravenously with either 

1 i ving or freeze-thaw-ki 11 ed newborn 1 arvae four days before immuni zation. 

Earlier studies by Faubert and Tanner (1974~ 1975) have shown 

that antigen extracts of 1. spiralis muscle larvae or sera from infected 

animals have leucoagg1utinating 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 cel1-bound antibody 

responses to heterologou$ antigens such as SRBC in immunized mice. Barriga 

(1975) has demonstrated a selective depression of T-eell activity in mice 

immunized with extracts of 1. spiralis mus~le 1arvae such that"th~ t-depen-
1 

dent response to SRBC was suppressed while a B-ce11 response to polyvinyl-

pyrrol idone (PVP) was unaffected. 

Previous studies on immunopotentiation in Trichinel10sis have not 

implicated nor investigated the role of specifie developmenta1 stages of 
i 

the parasite's lite cycle or parasite antigens in the induction of this 

phenomenon. The purpose of the present study was therefore two-fol d: 
" .. 

1) Ta determine whether or not immunopotentiation in Trichinel10sis cou1d 
\ 

be associated with a specifie developmental stage of the para~itels life 

cycle in the host, and 2) To determine if immunopotentiation required the 

presence of the 1 iving parasite or if it could be induced by immunization 

with an antigen extract of T. spiralis. To this purpose, the life cycle of 

T. spirklis was effectively divided into two distinct phases. enteral and 

parentera l (see figure 2.1 ~ Chapter II) . The rat hast was exposed to only , 

" 

i 

. ' 
1 
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:tt~ 



, 

"'f'>'~~J"'!Im' .... .,_.,......~i"E "'9 :._.111.0 ""_."-",,,,,,;,,~,·;.f!'t.m!~4M!g;:OJI!.t "'(_IIfw:~i!tl~, 

, 142 

the enteral (intestinal adult phase) phase of the infection by inoculating 
1 

animals orally with infective muscle larvae, and terminating the infection 

before la rvipos i tion occurred us ing the anti-helminth i c drug Methyri dine. 

The parenteral phase of infection was initi~ted by inoculating rats intra,­

venously with newborn larval stages, which migrate to the striated muscles, 

ency~t intracell ul arly and become infective, as' woul d norma 11y occur during 

the course of a natural infection. Rats immunized with either the enteral 

or parenteral phases of T. spiralis, or with a soluble antigen extract of 

,the muscle s~age larva. were challenged with trypanosomes to examine the 
'\ 1 

effect of immuni zation on the invnunological response of the rat to ,T. lew1si. 
"\ 

"" \ 

MATERIALS AND METHODS 

1) THE ANlMALS 

. Inbred al bino, femal e rats ("-100 'grams) of the Charles River, CDF 

strain (Charles River Breeding Laboratories, Wilmin'gton, Mas,~achus~ttes). 

were used in these experiments. Outbred CD, a~b;no female rats ("-'2dO grams)' 
~ / 

(Calnadian- Breeding Farms, 'St. Constant, Quebec), were used for the collection. 

of 1 arge numbers of intes:tinal, adult stages of 1. spi ral i s, and stock in­

fections of 1. lewisi and 1. spiralis were m9intained in t~is strain of rat ' 
, , 
as described previously (Chapter V). Experimental animals \'/ere housed indi7 

vidu,ally in wire bottom cages and fed Purina Rat Chow and water ad libitum. 

2) EXPERIMENTAL INFECTIONS 

The irrmunization of experimental' animals with only the enteral 

stages of T. spiral is \'Jas aC,compl ished as' follows: enteral infections were 

initiated by inoculating rats orally with 100 infective muscle larvae of 

1. spiral is without anaesthesia. The intestinal infections were terminated 

' . 
- / 

o 1 
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96 hours after inoculation (before larviposition' coula occur.) by injecting 

rats' subctÀaneously {s. ci) with Methyridine C'Promintic ll
, Imperial Chemical 

Industries Ltd.) in a dose of ~O mg/~OO grams body weight (Denham 1965). 

CO~trol ~ni,ma1's .for' thi s treatment received $. arat inocul ation wi th PBS 
, , 

and tJ:Ie subsequent injection Cs.c.') of Methyridine 96 hours later as abôve. 

In order to ensure that larviposition had not occurred, animals in the 

expeHmental group were kil1ed at the conclusion of the experiment and 

.. checked for the prese7e of encysted muscle larvae using acid-pepsin diges-

tion of the carcasses~s 'descri bed previously. 1: 
, The experimental infection of rats w'ith only the .p~renteral (~gra-

J 
done essentially as described 

, \ 
tory and encysted) stages of T. spiralis was 

, - ) 
'tlY Desporrmier (19.11). Large num..!lers of néwborn l arvae (N~BL) were obtained 

-,--' ,\ Q 

free of adu1ts using the methods described previously by Dennis'et al. (1970). 
, --

Briefly, 20 CoD female rats ('\,200 grams) were inoçulated orally with 10,000 

1fective muscle larvae of 1. ,spiral is and 6 days after inoculation the rats 

~ere kil1ed with ~ther and the ent~re length o-pi the small intestine was re­

mo~. Large numbers of adU,l't.,.worms wer,~ collected by sl'itting the intes~nes 

lon;l!tudina1lY'and pla,&:ing them in a circular thennal "migration device de-
I 

signed for the rapid colleGt~on of large numbers of intestinal helminths 

Despommier (1973). Adult worms collected o"er a period of two hours, were 
. 

washed 'four times in 0.85% sal ine at 370 C. and tranjSfer'red to two 250 ml 

Falcon Tissue C~ltur~ FTasks containi~ loO.:ll ~aCh of the following me.Qium: 

IIMedium 199 with sodtum-bicarbonat~ (70% by\voiume~;IIDi'alYZed Calf Serum" ,f' 
1 ~ 

(29%';y volume'), and "Antibi~tic-AntimYCotic" (Grand island Biological Co.) 

·,t~ (1% by. volume), pH 7.3. The adult
V 

worms were incubated at 370 C. in- a humidi-
l ' 

~ied" atmosp(tere c0,!1ta,ining 5% CO2 for, 30 ,hours during ~~ich time the gravie:! 

..female worms shed newborn larvae. All operations' afte-r this incubation were 

, , 
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't ' 
'done unàer sterile conditions. The medium containing the adults and ne\'/born 

larvae was passed through three'layers of a stainless steel mesh.(2511 pore 

size. George A. Williams and Son, New York) and the adult-:free larvae in the 

fil trate sedimented by centrifugation (225 x g) for fi ve minutes in 50 ml 

conical centrifuge tubes at room temperature. The newbol"n larvae were pooled, 

washed three times with 5 teril e culture 'medium at 370 
C. and the suspens ion 

of larvae counted (using an appropriate dilution) in a Spencer Neubauer 

\Brightline~ Hemocytometer (lOOX magnification). Approximately 2.0 x 106 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 

s,uspended by a vortex mi,xer. 98% of the larvae were motile just prior to 

'inoculation. Et~er-anaesthetized rats;,,Were injected intravenously (i .v.) with 
n 

2q,OOO NBL(O.5ml)in the tail vein with a 1.0 ml tuberculin syringe litted 

. with a #26 gauge needle., Approximately 50-75% of the NBL injected via this 

route are infective and can be found encysted in the striated muscle tissuès 

of the rat after '\.21 days (Dennis et~. 1970; Despommier 1971). 

Freeze-thaw-killed newborn larvae (FTNBL) wère prepared by immers­

ing a 15 ml glass centrifuge tube containing culture medium and NBL in liquid 
, 

a\ir .until the contents of the tube were frozen sol id. ,The tube was defrosted 

at 37° C. uri ti l the contents"were dmpletely melted and this freeze-thaw 

procedure was repeated five 'times. Anaesthetized r,ats were injected ·i.,v. in# 
f , ~ 

-~ 

the tail vein with 20,000 FTNBL (0.5 ml) as dèscribed above: 
\ , 
\ 

\ 
/ 

3) IMMUNIZAHONS 
" , 

The soluble antigen' extract of T. spiralis (TSE) used for immuniz­
~;-

ing rats or for sensitizing 'SRBC for the indirect hemagg1utination test was 
/ 

prepared in phosphate-buffered saline (PBS)(pH 7.2) fram washed lyophili.zed 

, 
/(; , 
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muscle larvae essentially as described by Tanner (1970)(see Chapter V). 
, 

The'TSE was sterilized by filtration through a Millipore filter (O.45lJ) 
1 , , 

and stored at -700 C. in sterile, stoppered serum bottles until use. The 

protëtti~oncentrat;on of the TSE was determined according to the technique' 

of Lowry et~. (1951). Rats were immunized intramuscular1y (Lm.) three 

times per week for three weeks by al ternate1y injecting the thigh muscle 

of the right or left hind leg with 0.1 ml of liSE (10 m~.,protèin/ml),injected 

either alone or emulsified with an equal volume of Freund's Incomplete 

Adj~vant (FIA). Rats were immunized with a to-cal of 9 mg protein over the 

three week( period. Control s were injected in a similar manner with e; ther 
, ( 

sterile PBS or PBS emulsified with FIA. 

4) INDIRECT HEMAGGLUTINATION 

The indirect passive hemagglutination test (IHA) was done essen­

tially as described by Stavitsky (1954). Sheep red blood cells (SRBC) were 

tanned with 1:40,000 tannic acid (10 min., 3?0 C.) ln PBS (pH'7.2) and sen-

sitized with TSE (5 mg protein/ml) for ten minutes at room temperature in 
.,.,.; 

PBS (pH 6.4). All sera and the normal rabbit serum used in the diluent were 

heat inactivated (560 C., 30 min.) and pre-absorbed (ro~'m temperature, 
'ü 

15min.) \Jith an equal volume of packe'd SRBC to remove "nàtura1" Forssman 
I!,'p 

antibody. Serial two-fold dilutions (0.05 ml) in 1% normal/rabbit serum 

(pH 7.2) of inactivated rat antisera were m;xed with 0.025 ml of 2,5% sen- l, 

1 

sitized SRBC in "Microtiter" plates. After mixing, the plates were incubated 

...at room temperature an~ the ~tutinat.ion titer was read ~fter 12 hours as 

'the highest serum dilution to show a 1+ reaction (Stavitsky 1954). The 
~ ~. , ' 

<', appropriate positive andjnegative controlos were included in all titrations • . 
, . 

/ 
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5) EVALUATION OF THE ABLA,STIC AND TRYPANOCIDAL ANTIBODY RESPONSE . , 

~he ab1astic antibody response of the rat ta 1. lewisi was 

followed by determining the coefficient of variation (CV) in the lengths 

of trypanosomes during the course of the infection according ta the tech­

nique of Taliaferro and Taliaferro (l922)"'''as described in the previou5 

chapter. The trypanocidal antibody responses,were determined by titrating 

the rat sera in vitro for agglutinating antibodies to either dividing stages 

(ln antigenic variant) or the inhibited adult stages (2M antigenic variant) 

\ t,as described previously in Chapter VI. 
\ 

• 

,---

6) EXPERIMENTAL PROTOCOLS 
. '-

EXPERIMENT 1 - THE EFFECT OF ENTERAL OR PARENTERAL INFECTIONS OF 

T. SPIRALIS ON THE HOST RESPONSE TO T. LEWIS! 

The following experiment was designed to examine the role of 

the enteral or parenteral phases,of the life cycle of 1. spiralis in the 
...... ;;.t , 

indU:7 immunopotentiation towards challenge infections with 1. lewisi. 

-Th/ Charles River CDF rats used in this experiment were divided into 

six groups of 5 rats each and the treatment reg7~en for these groups is 

displayed in Table 7.1. Immunization with enteral, parenteral or natural 

,infections of 1. ~Qj ral is were done as described above and control grou'ps 

(1 and V) were injected with culture medium (i.v.) or Methyridine (s.e.) 
( 

resf)ectively .. All Experimental and contra·' animals were challenged with 

1. lewisi at the same time and the immunizations w,th either enteral or 
.. 

par~iteral infection's (befor.:.e trYJYanQglme challenge) were timed to cor-

ré'spond with the period during wh; ch these phases of thk l ife cycle normal- • 
o 

ly occur during the course" of the natural infection (Group II). The dose 

of newborn larvae was estimated to produce an equivalent number of encysted 

- ~. 

'-, 
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TABLE 7.1 --"\ 
\ . 

TREATMENT REGIMEN FOR ANIMALS IMMUNIZED~WITH ENTERALJ PARENTERAL) 
OR NATURAL INFECTIONS OF I, SPlRALIS AND CHALLENGED WITH 1. LEWISI 

- '-

"­E 

(A) (B ) ( C) (D) ( E) '. ( F ) 
1. SPIRALIS NBL' FTNBL METHYRIDINE 1. LEWISl, DAYS BEFORE" -GROUP 

# ( (P.O.) (I.V,) (LV.) (S.C.) CIoP.) CHALLENGE 
'<;, 

c 
'" 

+ 
;~ 

" 
\ 

\ 1 

II 

III 

IV 

.. 
'. , 

+ \ -+ \ ~ , 
28 

21 
21 

\ 

V 

VI + 

+ \ 
"":, 

\ 
+ \ 

~\ 
'\ \ 

~ 
+\ 

+ ~ + 

. ~ 

CA) ORAL INOCULATION OF 100INFECTIVE MUSCLE LARVAE fgR OS (p,O,) 
(B) INTRAVENOUS INOèuLATION OF 20 J OOO LIVE NEWBORN LARVAE 

24 
28), 24D

) 

CC) INTRAVENOUS INOCULATION OF 20,000 FREEZE-THAW-KILLED NEWBORN LARVAE 
SUBCUTANEOUS INOCULATION OF METHYRIDINE TO TERMINATE THE INFECTION ' 
INTRAPERITONEAL INOCULATION OF 5 X 105 TRYPANOSOMES . 

'" , 
\ 

\ 

CD) 
CE) 
(F) DAYS BEFORE TRYPANOSOME CHALLENGE WHEN RATS IN~CULATED WITH AJ BJ CI OR D 

'c~ 
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- / 
muscle larvae as would be recovered from an ~nimal inoculated orally with 

100 infecti ve muscle la rvae (Group II). / 

, (Trypanosome parasitemias W~~~llowed in all groups by hemo­

cytometer cQunts of taïl blood dllU~l~~OO uSlng la ~l capl1lary tubes 

and "Unopettes lJ as described previously in Chapter V. The number of encyst­

ed muscle 1arvae of 1." spiral~(s in groups II. III, IV, and VI was determin­

ed by acid-pepsin digestion of in.fected carcasses at the end of the experi-

ment. 

EXPERIMENT II - THE EFFECT OF IMMUNIZATIO~ WITH A SOLUBLE ANTIGEN 
;.c: 

, EXTRACT OF T. SPIRALIS ON THE IMMUNE RESPONSE OF 

THE RAT T~I. LEWISI 
1 

The following experiment was designed to investigate the influence 

of. immunization with a soluble _antigen extract of 1. spiralis muscle stage 

larvae (TSE), on the humoral immune Irespûnse of the rat to T. lewisi. 20 
" -

Charles River CDF fats were divided into 4 group-s of 5'animals each. Experi­

mental groups were immunized over a three week period with either TSE (group 

1) or TSE plus FIA (group III) and controls were injected in the same manner 

with either PBS (group II) or PBS plus FIA (group IV). One week after the 

last injection, all {,ats were challenged _intraperitoneally with 5 x 10
3 

trypanosomes. The course of trypanosome parasitemias and the coefficients 

of variation (C.V.) were followed as described above. 40 days after the 

challenge infection with 1. lewisi. all rats were bled by cardiac puncture 

for 1.0 ml of blood and the sera collected as- described previ'busly. Sera 

were titr~ted forianti-TSE antibodies by the IHA test and for trypanocidal 

antibodies by the in vitro agglutination of living trypanosomes. Three days 

after col1ecting the sera', the rats in all groups were challenged orally 



o 

/-" 

1 
with 100 infective muscle larvae of J. spiralis to assess the relative 

protection of the hos t due to the previous immun; zation with TSE. Thi rty 
l' 

days after this challenge infection, a11 rats were killed and the number 

149 

of encysted muscle larvae determined by acid-pepsin digestion of infected 
/, . 

carcasses. 

7) STATISTICAL ANAlYS1S 
.., 1/> 

Results were analyzed statistically using the Student's t-test 
, 

and the Anal",k;s of Variance F-test (Snedecor and Cochran·1967) where 
l , 

appropriate, and when necessary, extraneous values were rejected using the 

Q-test (Dean and Dixon 1951). \ 

RESUL T5 

EXPERIMENT ~ 

The course of trypanosome parasitemias for groups of rats immur;1-
1 

ized with enteral, parenteral or natural infections of T. spiral is and 
'" 

chal1enged with J. 1ewisi, are displayed in Figure -7.1-7.3. A comparison 

between anima1s injected with living NBL (group III), sham-injected controls 

(group 1), or animals that r~ceived a,~natur~l infection with 100 muscle 
\ 

larvae of T. spiralis is depicted in Figure 7.1. As reported in the two 
"'"'ti -..... 

previous chapters, the peak trypanosome parasitemias in rats challenged 
-

" wi~th T. lewisi at 28 days after the nematode infection (group II) were 

-. 

, , 

.. 
1 

significantly inhibited when compared ta controls without T. spiralis 
f\ 

(group I}(50.2% of the control value on day 8, P<.Ol). Peak trypanosome 

parasiteniias for animals that were injected intravenously with 20,000 NBL 
~ 

1 and challenged 21 days later with T. 1ewisi were also inhibited ta sorne - , . ( 

;degree (73.6% of the control value on day 8, P<.05) although not ta the 

J 

" 
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FIGURE 7.1 

Course of trypanosome parasitemia in rats immunized with 

parenteral or natura l infections of 1. spi ral i s and\ch~ged 

with T. lewisi. Each point represents the.mean ±SE f; fivJ 

anima 1 s. 

(8) = GROUP 1 - Controls, noI. spiralis 

(*) = GROUP II - lOO·imective muscle larvae per os 

(*) = GROUP III - 20,000 l ;Ne NBL 1. v. 
;\ _/ , 
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FIGURE 7.2 

Course of trypanosome parasitemias in rats immunized with freeze-

thaw-killed newborn larvae (FTNBL) or natural infections of 1· spiralis 

and challenged with 1. lewisi. Each point represents the mean ±SE for 

fiV7 animals. 

(ct) = GROUP 1 - Controls, no 1. Spiralis 

(~*) " GROUP II 

(*) = GROUP IV 

100 infective muscle larvae QgIQi 
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20,000 FTNBL i.v. 
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FIGURE 7.3 

" Course of trypanosome parasitemia in rats immunized with drug-

abbreviated enteral infections or natural infections of 1· spi ralis 

and challenged with 1. lewisi. Each point represents the mean ±SE 

fq.r five animals. 

(*) ~ROUP II - 100 infecti ve muscl e il arvae ~ os .. 
(e) = GROUP V - Controls, no 1. spiralis, Methyridine s.c . 
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same extent as in group II. Therefore, immunopotentiation was induced in 

rats by immunization with only the parenteral phase (migrato'ry and encysted 

intracellular stages) of the 1. spiral is infection. 1 

An inhibition of trypanosome parasitemia did not occur in rats' 
, 1 

frijected Ji th an equival ent dose of freeze-thaw-kill ed newborl] l arvae 

(Figure 7.2) indicating the 1mportance of ill1funization with living migra-
I 

tory or encysted m1uscle stages in the induction of this phenomenon. Rats 

" that were immunized with a drug-abbreviiated enteral infection (group VI) 

did not show any significant differences in parasitemia fram the controls 

(group V, Figure 7.3) and these results suggest that a 96 hour exposure 

to only an intestinal infection with T. spiralis is not sufficient to in­

duce immunopotent.iation in this model. 

The nl:lmber of encysted muscle larvae 'in animals inoculated either 

orally with 100 infective -larvae (group II) or intravenously with 20,000 
, 

NBL, (group III) was determined at the end of the experiment in-order to 
, 

compare, the level of m~,scle parasitism in thes.e groups. Jhe results I?re-

sented in Table 7.2 show tha an average of 52% of the inocul,ating dose 
1 

of 20,000 NBL was recovered as encysted muscle larvae. The total.number 

of larvae recover'ed from a imals in these groups was not signif;cantly 

different (P>.05) al thou the di fference "in the number of la rvae recovered 
.. 

per gram of carcass was statisti cal1y si gnifi cant (P<. 005). No encysted 

muscle larvae were recovered from animal s g;ven rither .drug-abbreviatéd 

in~ections (group VI) or intravenous injections with FTNBL (group IV). 

EXPERIMENT II 

The course of trypanosome parasit~mias for rats immunized intra­

mu'Scularly wHh TSE (group I) or TSE emulsified with FIA (group III) ~re 
\" 
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~ , ~ TABLE 7. 2 / ' 
, THE RECOY{RY' OF ,MUSCLE LARYAE FR9~1 RATS INOCULATED-ORALLyov/ITH INFÈCTIVE " ~ ~.-: . -- --- -~ - ~-,."..--

MUSCLE LARVAE OR INTRAVENOUSLY WITH ~IVE NEWBORN lARVAE OF 1. SPIRALIS . , 

'" 
IREATMENT Cf\RCêSS WI, IOIAL L8BVAE . : L8BV8E/GRAM ' r % RE'CO.VERY 

(GRAMS) RECOVERED ' " C88C8SS 
-

GHOUe III '118.5 J:ü~QOO • 84.4- 50% 
20 1 000 JŒL 82.5 T/200 . 87,\3 ' 36% . 

(1 • V,) 118.5 . 13 /533' 114.2 68% ," 
3 

76.8 .5~800 ~. 75.5 29% 
111.5. 15.1400 138.1 .:' . ]7% 

'-

~1EAN 10 1 387 ' .99.9 - 52% 
± SE ±l.l82l ±ll.S, , 

~±9% 

GROUE II 75.6 " 12,266 162.20 : 
0/ 100 MUSCLE 

1 

84.2 15.1533 189.5 
LARVAE (P.o.) 86.3 .. 18.1066 209.3 .;; 

79.3 " ~ Il.1733 148.0 ... 
81.3 . . 14.1200 174.) , 

- " 
... 

MEAN 14/360 175.7 
± SE . ±1114S ±1O.3' , 
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presented in ,Figure 7.4. The irrmunization of rats with TSE alone (group I) 

enhanced'parasitemias (as compared to the controls, group II), as well as 

delayed the onset of the 121 crilsis in parasite numbers, which occurr~d 

in tbe controls on day 8 but was delayed until day 10 in the immunized 

group. rffe enhanced trypanosome parasitemias in group l were also reflected 

by a Signfficantly higher mean coefficient of variation (P<.05) on day 8 
~ , 

o~ the infection (Figure 7.5), indicating that the ab1astic antibody re­

sponse was either delayed or depressed in this group as compared to the 

non-immunized contro.ls. 

In rats immunizedwith TSEplus FIA (gro,!.!p III). trypanosOlne 

paras itemias were si gnifi carîtly enhanced .over that of animal 5 immun; zed 
, , 
~ ') h II 

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 witb PBS plus FIA (group IV) al 50 showed significane~ 
\, 1 , 

ly enhanced paras i terni as as compë!red' to those of groups land IL Enhanced 

parasitemias ;n groups III and IV were alsb reflected by hi"gher mean 
\ 

• 
co'efficients of variation on day 8 of the trypanosome infections (as com-

pared ta control group II. Figure 7.5). i ndicating that paras i te reproduc­

tive activity continued in the presence of a delayed or depressed ablastic 

antibody response ~in both th~se groups. The l.st crisis in the control s 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 lrt crisis was 

d.elayed unti1 day 10 in rats immunized with TSE plus FIA (group III). , 

The sera of animals in groups I-IV were collected 40 days after'> 

.infection and fitra~ed for the ,1~ and 2nd trypanocidal antibodies to 

1. lewisi as well as for specifie anti-TSE immunoglobul in. The mean 

o aggl utinating titers for the trypano~ida l antibodies are displ ayed in "Table 
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FIGURE 7.5 

,The coefficient of variation (CV) in the lengths of trypanosomesù 
- '., 

(index of reproductive activity) during the course of 1. lewis{infec-

tions in -rats immunized with TSE or TSE plus nA. Eac;h point represents 

the mean ±SE for five animals. 

A) CV for rats immuni.?ed with TSE (group t)( *) and for controls 

injected with PBS (group 11)(.). 

B) CV for rats immunized with TSE plus FIA (group III)(*) and 
o .. 

for controls injected with PBS plus FIA (group IV)(e)· 
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7.3. Although the mean titers for the lst and 2nd trypanocrdal antibodies 
, 0 

for rats immunized witM' TSE (group 1) or TSE plus FIA (group III) appeared 
1 

to 'be sl ightly lower than those of the control groups, these differences 

were not sta'tistically significant. Thêrefo~e, although the production of 

the lst trypanocidal antibody or the onse't of the first crisis appeared to 

be delayed until day la in both of the immunized groups (I and III), the 
1 

,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 pl us FIA (group III) were al so titrated for antibodies to TSE in 

arder to asse$"'s the relative effectivenesIs of theseimmunization procedures 

in stimulating the production of specific immunoglobulin. The mean IHA 

titers for these groups are presented in Table 7.4. Those ra ts immuni zed 

with TSE alone hadlirelatively low IHA titers as compared to animals ilTiTlun-

ized with antigen plus a~juvant, and these differences were highly signi­

ficant (P<.OOl). The effectiveness of the immurlizations with TSE in protect-

ing animals against challenge infections of T. spiralis was assessed by 

inoculatîng the rats in groups I-IV orally wi1:h 100 infective musclè larvae 

and d6}termining the total number of encysted muscle larvae 30 days later. 

The results displayed in Table 7.5 show that bath methods of immunization 
~ 

c. 
\ were equally effective in protecting rats against a chall enge infection 

with 1. spiralis. Although the anti-TSE IHA antibody titers of rats in group 
- " 

III were significantly higher than~those of group I (Table 7.4)~ the degree 
. , 

of protectîon in these two' groups was ,nat significantly different. 

, , 
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TABLE 7.3 
/...; 

, -
,THE MEAN AGGLUTINATING (TRYPANOCIDAU ANTIBODY 

1 

TITERS (LOG2) FOR,RATS IMMUNIZED WITH TSE AND 

CHALLENGED WITH IRYPANOSOMA LEWIS 1 

(A) 1 * 
TREAT~lENT III TRYP, AB. P-VALUE 

(B) 
2NU TRYP. AB. P-VALUE 

CMEA'N ± SE} (MEAN ± SE) 

GROue l 5.0 ±.32 4.0 ±.28 
TSE (1. M, ) 

P>.05 P> .05 
GROUP II 5.6 ±.25 1 4.4 ±.40 
PBS (1. M.) / 

Y 

.GRaU P II 1 4.8 ±.37 3.8 ±.37 
TSE + FIA 

(LM.) P>,05 P>.05 

GRQUe 1':1 5.!4 ±.25 4,2 ±.20 
PBS + FIA 

V(A) TITRATED WITH LIVING REPRODUCING STAGES (~ ANTIGENIC 

VARIANT) 

, (BY" TITRATED WITH INHIBITED ADULT STAGES (2rw. ANTIGENIC 

VARIANT) 

* STUDENT' ST-TEST 

\. 1 , , 
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TABLE 7.4 

LOG2 ANTI-TSE IHA* ANilBODY TITERS' -~. 
,~~ 

FOR RATS 1 MMUN 1 ZED W 1 TH TSI:-/ 

** TREATMENT LOG2 IHA TITER P-VALUE 

(MEAN ± SE) 

GROUP 1 
TSE (1. M.) 2,ll ±,24 

GRQUP III P<,OOl, 

TSE +. FIA 10,6 ±.20 
(i .M,) 

* TITRATED WITH TSE-SENSITIZED SRBC 
*~.STUDENT' ST-TEST 

... 
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TABLE 7.5 

. THE RECOVERY OF f1USCLE LARVAE FROM RATS IMMUIHZED WIT.H TSE AND 
1 

CHALLENGED ORALLY WITH 100 INFECTIVE MUSCLE LARVAE OF 1. SPIRALIS 

TREATMENT " TOTAL LARVAE ** " *** % PROTECTION P-YALUE 1 

GROUP 1 
ISE CI. M.) 

G 

RECOVERED 

8.,400 
8J 867 

14.1133 
8.1400 

1lJ933 

t1EAN 10" 347 
± SE ±lJ 154 

PBS (la M.) MEAN 18" 106 
1 

, ± SE ±2.1498 

* GROUP III ' 
IS,E + FIA 5J400 

(LM. ) 3J467 
10JOOO 

1 
6J289 MEAN 

\ ± SE ±l.l 938 

GRQU~ I~ 
PBS + FIA MEAN 20J 720 

(LM.) 1 ± --SE ±1" 844 

. " 

53.6% 
51.0% 

'~ 21.9% 
53.6%, 
34.0% 

42.8% 
·±6.4% 

73.9% 
83".2% 
51.7% 

69.6% 
±9.3% 

* TWO RATS DIED BEFORE CHALLENGE 

P<.025 
~ 

(l vs 1 l) 

P<,OO5 
(II 1 vs IV) 

, 

, , 

** PERCENT DIFFERENCE.BETWEEN IMMUNIZED AND CONTROL GBOUPS 
*** STUDENT'S T-TEST 

J 

, 1 
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-----­DISCUSSION 

The object of the present study was to determind whether the 

f'" 

immunopotentiation observed in Trichinel10sis towards challenge infections 

with 1. lewi'si is associated with a specifie developmental stage of the 

parasitels life cycle, and to determine if it required the presence of the 
1 

.\ 

living parasite or could be inàuced by immunization with an antigen extract. 

The resu~ ts of experiment l indicate that immunopotentiation coul d be stim~­

lated by the intravenous inoculation of living newborn larvae, which'produces 

only the parenteral phase of infection in the hosto However, the intravenous 
\,. 

injection of an ~quivalent dose of freeze-thaw-killed newborn larvae did not 

'" significantly alter trypanosome parasitemias, indicating a requirement.for 

either living migratory or encysted, intracellular muscle stages in the in-
, . 

duction of this phenomenon. The immunization with a, drug~abbreviated enteral 

infection, exposing the host to only the molting muscle larvae land sexua1ly 

mature adults, did not significantly effect t,he trypanosome infections, sug­

gest5ng that a four day exposure ta the entera1 phase of the nematode infec-

tian was insufficient for inducin~ immunapatentiation in the rat mode1. 

The temporal patterns 0"( immunopotentiation, enhanced RES activity, 

and humoral immunosuppress;on during Trichinellosis (Fig. 5.2, Chapter V) 

are consistent l'/ith the above findings. These altered states of immunological 

responsiveness were a function of the intensity of infection, but more impor­
il 

tantly, appeared to be related to the mode and timing of antigenic stimula­

tion by the various developmental stages of the parasitels life cycle in,the 

hosto Law level infections of 1. spiralis in, the rat (100 larvae), produced 

a depression of humoral responsiveness ta SRBC, that \.faS restricted ta 14 

days after infection (during the peak period in which the newbarn la'rvae mi­

grate to the muscle tissues of the hast), a result which ;5 co~sistent with 

" ' 

, , 
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, 
the temporal pattern of ,immunosLppressi?n in the mouse mode1 (Faubert 1976). 

Immunopoténtiation on the other hand, did not occur at 14 days, but was 

evident ~hen rats were chal1enged'with 1. 1ewisi 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 pattern of immuno-

potentiation in the rat is consistent with several others previous1y demon-
, , 

strated in 1. spira1is-infected mice: Cypess et ~.(1974) have reported an 

increased resistance to i.p. oJ i.v. éha11enge infections with Listeria 
, . 

monocytogenes, which occurred at 7 or 21 days after infection but was abro-

gated after 49 days, and Lubiniecki and Cypess (1975) have demonstrated 
\ 

sma11 but significant increases in the incubation period and survival time 

of nematode infected mice injected with Sarcoma-180 Ascites tumors at 28 days 
• l" 

but not at 56 days following the helminthic infection. Other studies, how-

ever, have indi cated tha t immunopotenti ation may occur in both short-term 

and long-term infections of 1. spiral is: Cypess et ~. '(1'974) and Mol inari 

et~. (1974) have observed enhanced cell-mediated (delayed type) hyper-' 

sensitivity to BCG in mice infected with 1. spiralis either before or after . 

prolonged periods following the administration of a sensitizing dose of BCG, 

and Mo1inari and Eberso1e (1976) have demonstrated complete resis.tance to 

the transplantable murine tumors B-16 Melanoma and Lewis Lung Carcinoma in 

mice injected with tumor cells after long-term (6 month) infections of T. 

" spira1is. 

Recent research by Faubert (1976), investigating the temporal 

relationship between depressed humoral responsiveness to SRBC and the de­

ve10pmental stages of the l ife cyc1 e of 1. spi ral is in the mouse model, 

has indicated that immunosuppression is wel1 correlated with the peak of 

the migra~ion of newbQ.,rD larvae to the muscle tissues of the hosto In this 
:-, 

\ . 
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,study, the newborn larval stage of T. spiral is was shown to secrete sub­

stances in an in vitro cul ture system that coul d diffuse through a Mill;­

pore membrane and suppress the induction ,of an l!:!. vitro antibody response 

to SRBC. Adult worms or muscle stage larvae failed to suppress the antibody 

response in this system. More recentll" Ackerman and Faubert (1977) hatVe 
~ 

~hown that in mice inotul ated intravenous1..y with either viabl e or freeze-

thaw-kill ed newborn larvae, the splenic plaque-forming cell response to 
~ 

SRBC was reduced 50% a'nd 80% respectively when mice were challenged with 

SRBC orly four days after the inoculation of the parasite larvae., 
. , 

'\ The abil ity of the newborn larval stage of T. spiral is to induce 

both, immunosuppress ion in the mouse and immunopotenti a tion in the rat ap-

pea rs, somewhat paradoxica 1. However, an important di fference between the 

prèsent study and that of Ackerman and Faubert (1977) resides in the time' 
1 

period between the' inocul aotion of the newborn 1 arvae and the chall enge wi th 

the heterologous antigen or parasite. Ackerman and Faubert (1977) challenged 

mice with SRBC' only 4 days after the injection of newborn l arvae, whereas 

in the present study, ,21 days were allowed for the newborn la rvae to com-
o 

pl ete their migration and to encyst intracellularly in the striated muscle 

...--/ 
cells before the trypanosome challenge. In terms of the natural course of-

the nematode infection, the former çase corresponds to approximately 14 

d,ays after infection (period of maximum immunosuppress ion), whereas the 

latter c,ase corresponds to approximately 28 days after the helminthic in-. ' 

fection (period of maximum immunopotent i ation). Therefore, if the newborn 

la"rvae o'f T. spiralis are capable of secrèting immunosuppressive factors 

during the migration ta the muscles (Faubert 1976), then it would appear 

from the results of the present study, that these factors are either not 

produced, or no longer secreted once larval development has progressed ta 
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ta the intracell ul ar~ encys ted .stage of- the infection. 
J 

In spi te of th~ apparent requi rement fqr the parenteral phase 

of the T. spira1is infection ;nl stimulating the host response to 1. lewisi 
. '. 

in experiment I, an attempt was made to induce immunopotentiation by immun­

izin~ 'rats with a sol uble antigen extract of the muscl e stage l arvae (ex-
Ci Il. ~ ~ 

periment II). Rats immu~ized intramuscularly with TSE, either alone or w:ith . 
Freund's Incomplete Adjuvant, had significantly enhanced.trypançsome para-. . 
sitemias as compared to non-immunized controls. Enhanced parasitemias were . . , 

a result of a suppressed or delayed ablastic a~tibody respon'Se as well as. 

a 'delayed lst ct'isis in immunized animals. Although the delayed lst crisis 
- 1 -

might haSe resulted from a suppreS~'ion of the l..~ trypa~idal antibody " 

response, the aggl utination titers of th i s anti body we re not ~ i 9nifi cantly 

different from non-immunized controls at 40~ys after. infection. . . . , 
The abil i ty of Freund' s Incompl ete Adjuvant to enhance paras;temias ~ , 

.in the controls (rjrou p IV) ïs difficult ~o explain. T~fect may possibly 

be re1ated ,ta an excessive amount of stress in{fuced in- thjs group wi~h a 

consequent cortisone re"l'ease (Christian and Davis 1964) dU,e to the three' 
'1 , 

week regimen of ,intramuscul ar injections of adjuvant in the hind leg muscles 

of the rat. Among its several reported functions, ,corti~one is known t~ , 
/ 

hibit antibody production (MeMaster and Franz1 1961; Nelson 1969). ~n in-

hibition of the abl'astic and J~ tfypanocldal' ant~body responses of the 
o " 

jàt to T.(lewisi, due to the immunosuppressive effects of cortisone, would 

résu1t ~n enhanced parasitemias ·a~d a delayed 19 crisis) in this grou~. The" 

abil i ty of cortisone treatment to produce virulent· T. l ewi si infectiops in 
, 

rats by interfering with the~ ablastic and trypanoc i da 1 antibpdy responseS 
i 

L 
has been reported previously (Sherman and Rubl e 1967). 

Th
6

e intramuscular immunization r~gimen used in this experirnent 
,. 
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was highly effective iN stimulating the production of specifie anti-TSE 

immunoglobulin in the rat, and although the host's ~umora1 'reJponsiveness 
" . 

to a heterologous challenge organism (1. lewisi) 'w~s,depressed b~ TSE, , . .. 
immunized rats were significantly protected against a nomologous challenge 

~ith 1. spiralis. These results confirm those ~f earlier studies on the 

1 • 

immunosuppressive activity of soluble extracts of T. spiralis muscle larvàe 
1 - -

(Barriga 1975; Faubert and Tanner 1974, 1975). 
\ 

The isolation. purification. and identification of~he potent 
1 • 

immunosuppressive f~ctors secreted by the newborn 1arvae and pr.esent in 

soluble extract5 of 1. spiralis muscle stage larvae should aid. 1n our under­

standing of why i·nfections with this nematode are capable of both a spppres­

sion of specifie cellular a(ld humoral immune responsiveness and a potentia­

tion of non-specifie cell-mediated immunity to hetero1ogous antigens and 

organisms: 

. / 

a • 
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CHAPTER VIII 

THE FFECT OF NON-SPECIFIC IMMUNIZATION WITH BCG ON 

THE UNOLDGICAL RESPONSE OF THE R~T, TO T. LEWISI 
. .,."" -

,INTRODUCTION 

. .. 

. , 172 ' 

The mechanism by' which 1. spira1is induces .. a potentiation of 
-immuno1ogical respol1siveness·to heterologous organisms is st'iTl unclear. 

1 -}~. 

Cypess et~. (1974).and Meerovitch a~d-Ackerman (1974) have suggested 

that immunopotentiation is a functlon of enhanc~d non-specific cell 1 

mediated immunity in which the activated macrophage is the effector cel'. 
~ , 

- The fact that I.. spira1is il1'fectio'ns dec'reâse the 'susceptibi1ity of Jllice . . , / 
, - \ " 

. to- intracell ul ar parasit1sm by Listeria IOOnocytogenes (Cypéss et,&. 1974) 

and potentiate cell-mediated (delay'èd type') hypersensitivity.to'BCG in 

cmiC"e ~cypess et~. 1~74; t-1olinari et&.1974; Molinari a~cypess 1975). . , 

strongly supports this suggestion. More recently, Meerovitch and Bomford 
-

(1977) have demonstrated that peritone~l ma~rophages taken from T. spiralis-
1 

infected mice are cytostatic for Rl 1uekemia oells iR vitro; this re­

sul t 1 ends further support to the rol e, of the acti vated macrophage as the 
'Jî . ' 

effector cell· in immunopotenti ati on during experimenta 1 Trichinellos i s. 
"- " The mechanism by which I.- spiraTis infections can inhibit the 

developmeot of a concomitant infec.tipn with t. 1 ewis i rema i ns un el ear. The 
1 -

n , 

results presented in Chapter'VI indicate that I. spiralis infections do . 
not potentiate'the humoral responsiveness of the rat to 1. lewisi and the 

extens;ve,)mmunochem;ca1 analyses in Ch~PtJr y, failed to re~;al any 

reâ~ting antigens between these)parasites. The results of Chapter V, 
, -, . 

cross-

how-

ever, do demonstrate that the ability of 1. spiralis infections to enhance . . 
1 no~-spec~~iC (S activity is corr~lated w;th/the 

) 
inhibited d~vel0~ment of 1 

., ; 

~\ " 

" 
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trypanosome parasitemia that oeeurs when rats are ehallenged with T. lewisi , .-
at 1 or 28\days aftelt the nematode infection. Although previo~s worker~ \ 

have described an apparent laek of correlativn between enhanc~d RES 'phago­

cytic. actjvity and increased resistance to intracellular parasitism 

(Bohmï 1960; L~nd Nussenzwe.i"g)96.9; Ruskin'et li. 1969)~'their\reSUlts 

do not prec1ude ~he possible inyo1vement of·enhanced 'reticulocyte phagocytic 

activity in the spleens ~f rats concomitantly infected with T. spiralis 
.1 -

, 1 

and T. l ewisi. 

Research on the immuno1ogieal response of t~e rat to 1. lewisi 
" 

\ 

has failed to provide definitive evidence for the role of specifie or non-
1 • 

specifie eell-mediated immunity or non-specifie RES activity in çontrol­

ling infections with this parasite. other than a ~ubsidiary function for 
.. .. ~...-... 

phagocytosis ,in clearing lysed or.agglutinated trypanosomes from' the blood . 
.. 

stream (Taliaferro 1929; D'Alesandrn 1970). Recent researeh by Greenblatt 

(1973), however, has demonstrated the pres~çe of 1., lewisi in retieular 
/ ' 

~ spleen cells (macrophages) that are in a close as_sociation with plasma cells 

in the spl eens, of infected ra ts. Therefore, although the normal trypanoci dal 
'Ii "-

mechanism may principally invol ve. lysis land aggl utination, it is hi ghly 
". 

likely.that splenic macrophages play an importan,t.role in both àntigen' 

processing and"i~ the eventual removal of tr.ypanosomes from the circula-

tion (Greenbl att '1973) . 

A number of di verse agents that are known to enhance RES acti vi - '. 

ty non-speeif{cally, have also been shown to {nhibit the development of 

1. lewisi\ infections. Styles,(l965, 1'970)' was able to obtain an inhibition , 

of 1. lewisi parasitemia (similar to that presented in 1this dissertation)? 

by pre-treating rats with small serial doses of f. coli end~oxinlor the 

toiin 'hol,othurin, a ~id saponin of the Ba'hamian Sea Cucumb~r Actinopyga 

~ 

. , 

'\ 
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• 

agassizi. Similar1y, ,.singer et~ .. (1963, H64) found that the resistance 
o • 1 

of mice was enhanced when bacteria1 endotoxin was administered prior"tp 

infections with T. rhodesiense, T. congolense, and'T. duttoni. Tate (1951) . - -.... - , 
,1 , 

has dem9nstr~ted inhibited trypanosome parasitemias in rats previously in-
: 1 

fected with the spi,rochete Spi rH1 um minus, such that rats challenged with 
\ \' 

1. 1ewisi after th~ spirochete infections deve10ped on1y transient, sub-. ' \ 

patent parasitem{as. While these authors suggest that endotoxin moieties 
t '. 

or spirochete infection may act via the non-specific stimulation of RES 
1} " • . 

. activity, none o~ the...above me.ntioned studies attempted to cQ",e1ate en-

haneed retieu)ocyte phagocytic' aetivit~ with .inereased resistanee to in-;-
./ 

fection •. 

, The immunologica1 factors invo1ved"in non-specific resistance 

to parasitic cA.seases in geneqll, are not yet cl ear1y unders~ood, but a 

large variety of materials have been found to stimulate non-specifically 

either.specific immune.responsiv'ness or general host rJsistance (for a . 
review see Yasphe 1971; Shilo\1959). Baci1lus Ca1mette-Gu~rin (BCG), an 

. -
attenuated strain of Mycobacterium bovis, provides non-s~ecific resista~ce 

against a wide vartety of diseases, including parasitic, infectious, and 
• 

<:i' ... c::., .... 

neoplastic (for a review see Chapter IV). In view of the known'ability of 
, \' 

systemically administered BCG ta produce marked al terations 'in the macro-

phag~ elements of the RES, including he~ghtened phagocytic activity and ., 

increased bacteriéidal and cytotoxic activities of individua1 macrophages . 
(Biozzi et~. 1960; Old et ll. 1961), the following study was conducted 

for the purpose of comparing the effects of a BCG-stimulated non-specifie 

cel1-mediated immunity with the effects of T. spira1is!infections on the 

host response to T. 1 ewi 5 i. To thi,s purpose, rats were i,mmuni zed either 
1 

intrape,itoneally or intravenously with graded doses of BCG and subsequent-

ly chal1enged with Trypanosoma lewisi. 
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MATE RIALS AND METHODS 

1) EXPERIMENTAL INF€CT'IONS . 

;-!nbred aïhinp, fema1e rats ('ù100 grams) of the Charles River, 

GDFostrain-h(Char1es River Breeding'Laboratories, Wi11mington, ~'ass.) were , 
used in this experiment. Stock infections of Trypanosoma lewisi were main-

\ 

tained in oûtbred CD, 'alpino fema~e rats-('ùlOO grams)(Canadian Breeding 

Farms, St. Constant, Québec) as descrire'd previouslY in Chapter V" Experi­

mental ;ni~lS w~re_ housed indi),idually tn \Virtttom ~ages and fed - -

Putina Rat Chow-and water ad libitum. 

/The strain of T. lewisi used in this study is described in de­

,tail in Chapter V. Trypanosà[l1es for initiating experimenta1 infections 

were obtained from stock-infected r~s 12 days after inoculation. Purified 

suspensions of trypanosomes were pr~pared according to the technique oT 

Lincicome and Watkins (1963)(see Chapter V) and experimental animals were 
• 

inocu1àted-with 5.0 x lb3 inf~ctjve trypa~osomes (0.5 ml) intraperitonea11y 
, . 

without anaesthesja. Trypanosome'parasitemias were followed during the 

course of the infections ~y daily hemocytometer counts of tail blood dilute~ 
.. , .. .. 

.1 /200 us ing 101i1 capi 11 ary tubes and "Unopettes" as described previousJY in, 
V ,\. 

Chapter V. Thin b100d films prepared during the ~urse of the infections 

were stained with Giemsa's Blood Stain and used-for a determinatiorr of the 

Coefficient of Variation (CV). 

2) IMMUNIZATIONS WITH BCG 

Rats were immunized either intraperitoneal1y or intravenou~ly in 
1 '. 

the tail vein with 5.0 x 105 or 5.0 x 106 colony forming units (CFU) of 
. 

lY9-Phil ized BCG (Lot #170716; Insti'tute de Microbiologie et- d'Hygiéne de 
v 

Montréal; Quebec) in'O.5 ml (i.p.) or 0.25 ml' (Lv:) sterile distil.1ed 
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water. injected using a 1.0 ml syringe and a #26 \ga~ge nêedle. In a pre-. . 
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liminary experiment. rats were immunized with 5.0 x 107 CFU injected i.p. 
1 

in 0.5 ml distil1ed water. 

3) ASSAY .FOR DELAYED TYPE HYPERSENSITIVITY 

Experimental anima1s were tested for de1ayed-type hypersensitivity 
, ' 

responses (DTH) 44 days after immunization with BCG in arder ta assess the 

leve1 of specific, ce1l-m~iated 1mmunity stimulated by the differe~t doses 
\ 

and routes of inoculation. Footpad swe11ing was used as a measure of DTH 
• • 1 .. 

(Gray and Jennings 1955). The level of immunity was assessed,after chall~ge 

with 0.1 ml (5:0 mg) of old tuberculin (OT; Connau~ht Medical Research . 
Laboratories, University of Toronto, Canada) injected intradermal1y with a 

°#30 -gauge needle in the dorsal aspect of one hind footpad, whereas the con-.. 
\ 

tralateral hind-pad (control) was injected with an equal volume of sterile 

physiological saline. The degree of swelling was measured after 24 hours 
\ 

aGcording to the technique- of Axel rad (1968). This method depends upon the . - . 
principle that an object immersed in a fluid will displace its own volume. 

, 
" If the object (of vol ume V) has a lo~er specifie gravit y (50 g/ml) than 

1 that of\the'fluid (Sf g/ml),/ then the pressure (Pg) needed ta achieve total 

immersion in the fluid is given by the formula: 
"-. 

A Mettler (Model P1200) top loading, single pan balance with an 

optical seal~ ealibrated in la mg divisions was used. The balance wa~ tared 

for a 250 ml beaker filled with. mercury and the deflection produced by 
, 

immersing the ratls paw (ta the level of a line drawn in the groove immediate-
'-... ' , 

ly distal to the lateral mall'eolus) was noted. Rats were ether-anaesthetized 
\ 

and the hand immersing the paw rested on a firm bridge ove~the surface of 
. \ " 

the mercury. Thls· method can clearl~ detect a paw volume difference of O.02ml 
,-

(1 

\ . 
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(Axel!f-.ad 1968). 

Resul-ts were cal cul ated as the percentage difference in vol ume 
• 

betweén ,the experimenta1 and control footpads, and a reaction \lIas considered 

positive if the swe11ing iO the OT-chal1enged footpad was at least 20% 

greater than that measured fer the saline control. Statistica1 analyses 

were performed on the abso1ute and percentage difference~ in footpad swel-

1ing using tne Student's t-test, and the results ~re essentially identica1 

for bath analyses. 

4) EVALUATION OF THE HUMORAL RESPONSE TO'l. LEWISI 

" The ab1astic antibody response of the rat tOIT. lewisi was fo1-

lowed by determining the coefficient of, variation (CV) in the 1engths of 
1 

trypanosomes at 6, 8, and 10 days aft~r infection according to the tech­

nique of Taliaferro and Ta1iaferro (1922){see Chapter VI). The 1st and 2nd 
o 

trypanocidal antibody responses to 1. lewisi were examined by titratin9, rat 

sera (coll ected' 40 'days after infection) in vitro for a9g1 utinating anti-- ~ 

bodies to either dividing stages {l~ antigenic varian,> or inhibited adult 
1 

stages (2nd antigenic variant) according to the technique of D' A1esandro 

(1976) as described previous1~ in Chapter VI. 

5) EXPERIMENTAL PROTO COL 

EXPERIMENT l ' 

A sma11 '~re1iminary experiment was conducted in order ta examine 

the effect of BCG on the development of T. 1ewisi parasitemia. Ten Charles 
~ 

River CDF/rats were divided into two groups of five rats each. Five rats 
1 

were inocu1ated with 5.0 x 1,07 CFU (0:5 ml) of BCGi-ntraperitoneally and 

five rats were injected i.p. with an equal volume of physio10gical saline. 

• 

1 1 

l " 
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Seyen days after immunization with BCG, all' rats were chal1enged with'· 
.t' ~ " 

S.O'x 103 trypanosomes given i.p.. r 
, 

\' 

EXPERIMENT II ... 

... 
doses 

Experiment tI a~ \deS;gned ~o investigate. ~~e ~ffect ~f different 

and routes of in',~u~ation of BCG on the host's ilf"1,unologiC~l :esponse 

to 1. lewisi. The 25 ~~rle~ River CDF rats used in this experiment were l' 

divided into five group~ of five rats each. The treatment regimen for,these 
1 

experimental group~ is displayed in Table 8.1. Four grOups of rats were in-
l '. '" l ' ~ ) 

jected either i.v. or i.p. with two different doses ,of BCG. ContY'91s were 
/ 

injected 'in a si i ilar manner wtth sterile 'physio1ogic'al sal ine. 14 days 

/ after immuniz~ti~\~~ BCG, a11 groups weré challe~ged i.p. with 5.~ x 103 

trypanosomes. 30 days after !nfeçtion with 1. 1ewisi~the animals in all 
, e 

groups were tested for a DTH response to OT as described above. 40 days 

after the trypanoSQm~ infections, all rats were bled by cardiac puncture 

ahd' the sera coll ecte'd and ti trated, for aggl utinating (trypanoci dal) anti­

bodies to T. lewisi. 

6} STATISfICAL ANALYSIS 

Results were analyzed for statistical significance using the 

Analysis of Variance F-test and the Student's t-test where appropriate 

(Snedecor~nd Cochran 1967), and ~hen necessary, extrane~us values were 

rejected using the Q-test (Dean and Oixon 1951). 

~ 

RESUL TS 

EXPERIMENT 1 
,.. 

The development of parasitemias in rats immunized i.p. with 

• 5.0 x 107 CFU of BCG or controls 'injected with saline is display~d in 
"'-. 
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TABLE 8.1 

TREATMENT REGI MEN FOR GROUPS OF- RATS IMMUNIZED . . 
/ WITH BCG AND CHALLENGED WITH I. LEWISI 

/ -

GROUP BCG DOSE ROUTE TIME INTER- CHALLENGE TIME INTER-

1 

II 
ILl 
IV 
V 

(C.F.U.)* 

S x'10S 

. S x lOS 
5 x 106 

5 x 106 

• CONTROL 

I, VI 
1 • R. 

LV. 
1 1 P • 

SHAM 

* COLONY FORMING UNITS 

VAL (DAYS) 
___ 1 14 

14 
14 
14 
14 . , 

, . 

** 5 x 103 TRYPANOSOMES I.P. 

INFECTION** VAL (DA YS) 

I, LEWISI 30 
I, LEWIS 1 30 
I, LEWIS 1 30 
-

I. LEWISI 3Q 

I, LEWISI 30 
. -

*** DELAYED TYPE HYPERSENSITIVITY TESTED WITH'OLD TUBERCULIN 
\--. 
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PAD TEST*** 
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Figore 8.1. Paras'itemias in the two groups paralleled each oth~r until day 

9 of the infection after which time t~e rats pre-treated with BCG deve10ped , 

and sustained considerably enhanced parasitemias over thos~ of the controls. ,( 

Rats pre~treated with BCG sustained enhanced infections throughout the! 

period in which the parasitemias were followed. Pre-treatmént ~ith BC~ also 

induced considerable va'riation in parasitemias as evidenced by ~,he ~ery 

large standard errors in this group as compared to the non-'immunized con-

l , trol s .. 

, , EXPERIMENT II 

-.JI , l , / ' 
The deyelopment of trypanosome parasitemias in rats ;mmunized 

i with BCG according to the treatment regimen shown in Table 8.1 are disp1ayed , 

l 
.\ 
\ 

,1 

,1 

in Figures 8.2 and 8.3. Rats immunized intraperitoneally with BCG (groups 
o • 

, 
II and IV) developed 10wer peak parasitemias on day 8 of the infections 

'Q 1 

th~n the non-'immunized controls iln group V (Figure 8.2) ~ tlowever, the lower 

paras i temia va'l ues recorded for the BCG-treated rats in these groups were 
" . 
~t s i gnificantl~ di fferent from the control val ues at any time during the 

~ection (P>.OS). , , 

In contrast, rats irrmunized intravenously w/ith BCG {groups 1 and 

developed s~nificant1y lower peak paraSitemias!on day 8 of the 'infec­

than non-immunized controls in group V (Figure,'S.3, P<.OS). Although 
, , 

these B -treated groups (l"and III) sustained lowe~ mean parasitemias than 

the controls throughout Ithe course of the infection, these differences were 
, 

~nly statistically significant on day 8. The parasitemias in the two gr.oups 

treated intraveryously with 5 x 105 or 5 x 106 CFU of BCG (groups 1 and III 

respectively) ~ere not significantly d,tf,feren~ from each other during the 
, 

course of thè infection~. 
" 

The level of specific, cell-mediated i~unity induced in rats.by 

the' various doses and routes o'f inoculation of BCG was assessed 44 days 1 
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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 rnean trypano-" 

sorne parasitemia ±SE for five anirnals. 

, .. ) ~ Controls, saline i.p.; (~) = 5.0 x 107 CFU of SCG i.p. 
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FI'GURE 8.2 \ 
.. 

The cou'rse of trypanosome parasitemias 41 rats immunized intra-

peritoneally (i.p.) with BCG and cha11enged 14 days 1at~r with 
" 

Tr~~anosoma 1 ewi si. Each point-represents the da ily mean trypanosome 

pa YS1S, itemi.a ±SE for five bimals. l 
(e) - GROUP V - Contro1s, no BCG -

(*) = GROUP II 5.0 x 105 CFU of BCG ~.P. ; 
(*) - GROUP IV 5.0 106 CFU of BCG - x 1. p. 
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\ FI GURE 8.3 ' , 
) 

J " J 

\ 

The course of 'trypanosome paras itemias in rats immunized intra-

venously (i.v.) with BCG and c~al1enged 14 days later'with Trypanosoma 

lewisi. Each point represent~ the daily ~an\trypanosome parasitemia ±SE 

fo r fi ve an i ma l s . 

(e) = GROUP V' Control 5 , no BCG 

(*) = GROUP 1 - 5.0 x 105 C'FU of BCG 1. v. 

(*) = GROUP III 5.0 x'106 CFU of BCG i.v. 
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'after immunization by determin'ing the extent of a 24 hour pTH footpàd swel-

1 ing 'reaction ëtfter "'the injection of old tuberau1 in. The resu1 ts presented 

in Table 8.2 indicate th?t al1 rat~ immunized intravenously with BCG showe~ 

positive DTH reactions ta OT (groups 1 and III), although the two doses of 

. 'BCG 'did not produce s;gnificant1y different 1eve1s of DTH. Rats 'immunized 
\ 

intraperitoneally with. BCG (groups Il a,nd IV) did not al1 eXhibit, positive 

DTH responses, al though the average percent swell ing ,in these groups was 

s ignifi cantly di ffe~ent from that of the control s in group V. 'The BCG dose .. 
of 5.0 x-106 CFU i.p. in group IV was considerably better in stimulating 

a cell-mediated DTH response than was the lower' dose of 5.0 x 105 CFU i.p. 

in group 1 1 ~ 

The effect of BCG treatment on the development of 'acqui red humoral. 

immunity to ~ in ~he ra: was fol:owed by examining both the ablasti'c 

and the trypanocida1 antibody responses in immunized animals.' The ablastic' 

. antibody response was ·fo110wed by determining the coefficient of variation 

(ÇV) in the lengths of trypanosomes on days 6, 8, and 10 of ~he infections. 

The CV is a' ~stical index of paras ite ~eproducti ve acti vit y (Ta1 iaferro 
, \ 

'and Ta1iaferro 1922) and is a direct'rdflection of the ~anges in the titer 
~ . 

of ablastin, the reproduction-inhib;ti~g 'imtibody, ta 1. lewisi (Coventry 
, 

1925). The resuzts presented in Table 8.3 show that the pre-t~eatme~t of 

-rats with BCG, either Lv. or' Lp. (groups I-IV), had no, effect on the CV 

as compared to non-immunized controls (group V) on~days 6, 8, or 10 after 

infection. [he inhibited deveiopm~nt of peak parasitemias in 9rouP~ 1 and 
\ -

1 

III (Figure 8.3) on day 8 of the infection was not ref1ected by lower coeffi-
1 

cients of variation (enhanced production of ablastin) in 'these groups. . , 
Therefore, CG-treatment had no effect on the ablastic antibody response 

ta T. ~.;..;....;....;..\ \ 

antibody .responses.were examined ~y titrating 

l':".I111;~_"~ .. ~v,!:,.,.:.~.',:.;:.:!.:-:-.,.:-r'.SI,":i:3., ... :G.~r,.:-:;:;_.<'?r,r::::J:;-:,.':7' •• ü .... -:-:.*x"";":""' .• ~.c~,.~ .• _.('I'"1\-'---------------
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J . ,TABLE 8.2 A ---
~ 

DELAYED HYPERSENSITIVE FOOTPAD SWELLING REACTIONS 
1l, 

24 HOURS AFTER CHALLENGE WITH OLD TUBERCULIN* 

GROUP BCG DOSE ROUTE OF i-ANlMALs(Ar- AVERAGECBY-'P'=-VALUE Cc) 
. (CFU) INOCULATION, POS .lGROUP-· (%) ±SE 

1 . 5 x 105 SIS 33'.8 ±2.6 • - <.001 1. v. 
II 5' 'x 105 1 • P. 2/5 16.2 ±4.4 <.05 

5 x'~-106 
~ -

III 1 • v. SIS 37.3 ±3.3 . <.001 

IV 5 x 106 1 • P. 3/5 13.3 ±8.l ... <.001 

V _ CONTROL, SHAM OIS 10.8 ±2.6 

1 vs II: P<.OOl; III vs IV: P<.OOl; l'vs III: P>.TI5; II, vs IV: P<.OS 

~ TESTED 30 DAYS AFTER IMMUNIZATION WITH BCG ~ , 
(A) REACTION CONSIDERED POSITIVE IF CHALLENGED'FOOTPAD EXHIBITED 20% 

GREATER SWELLING THAN CONTRot FOOTPAD ; 
(B) AVERAGE % SWELLING = (EXPERIMENTAL-CONTROL)/cONTROL X 100 ~. 
(c) STUDENT'S T-TEST: P-VALUES WERE SIMlLAR USING ABSOLUTE VOLUME INCREASES 

~~, ~ ~~"~~)~-; ~~~~:'~:~(.-;'I.~ - - -. ::...,~~:~f>l'........~ "'~"'r;'!~\.;:.r~:~~ ~~;;;;iJ:~~:;~ . .,!~"'-_~~ ~."-~ 1"" _,"" ;f. " ... ~~ ~... ~ :. "" ~ ... ;:i;::;-:"': --:;~ti~: .... "i ... ;~""'- ,,- , ' , 
~""'-.i .:._ ........ ," .,. ~-~-
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TABLE 8.-3 
. 

T~E MEAN COEFFICIENTS OF VARIATION, (CV) FOR RATS, . 
IMMUNIZED WITH BCG AND CHALLENGED WITH I. LEWISI 

~ tY. (MEAN ±SE) * 
GROue BCG DOSE ROUIE OE DAYS AEIER IMEECIIQ~< 

(CFU) INOCULATIO~ 6 S- 10 

1 5 x 105 1 • v. " 27/ t2.7 9.0 ±I.5 9.8 ±l.S 
II'\ ' 5 x 105 

1 

30.~0 ±2.3. 1. P • 8.6 ±1.4 8~ ±l.3 
5 x 106 • 

lit 1 • v. 29.0 ±2.4 8.4 ±1.2 8. ±I.O 
1 

5 x 106 IV 1 • P.' 29.4 ±2.4 12.2 ±1.4 10.0 ±1.2 
V CONTROL SHAM 27.4 ±2.1 10'.4 ±L 7 8.8 ±1.4 

* THE MEAN VALUES FOR GROUPS I-IV ARE NOT SIGNIFICANTLY 
DIFFERENT FROM THE C~NTROL GROUP ON DAYS 6J 8J OR 10 
AFTER, TijE INFECTION (p>.05). 
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, rat sera coll ected 40 days a fter, infection', for aggl utinat1ng antibodie~ 

to either living reproducing stages (lst antigenic variant) or inhibited, . - . 
non-dividing 'adu1t stages (2nd antigenic variant)(co1',ected 6 or,14 days 

.. 
\ 

after infe€tion respective1y). The resu1 ts presented' in Tab1 e 8.4 indi cafe 

Ithat the rnean agg1utinating (trypanoci~a1) antibody titers for rats immun­

ized with BCG (groups I-IV) were not~ignificantly different fram those of 

non-immunized contro1s in group V at 40 days af~er infection. Therefore, 

pre-treatment wit~ BCG did not a~pear to effect the development·of the 

trypanocida1 responses of the rat to 1. lewisi. 

DISCUSSION 
\ 

" 

Baci11us Calmette-Guêrin (BCG) provides enhanced non-specific 

resistance in a wide variefy of.infectious (Nakamura and Cross 1972; 

Larson et ll. 1972), neoplast\ic (Old et 21. 1959; Blum;ing et &. 1972. 
~ \ 

Hersh et~. 1973; Gutterman et!l. 1973), and parasitic (Ortiz .. Ortiz 

et~. 1975; Tabbera et~. 1975; ,Rau and Tanner 1975; Clark et &~ 

1 

1976; Mahmoud et &. 1976) diseases. Lthàu9h' the specific mo.des of action 

of BCG in stimulating non-specifie resistanee in this broad spectrum of 
, 

diseases are still somewhat eontroversial, it is genera11y reeognized that 
1 

immunization with live BCG can enhance antibody production (Miller et al. .. ---
1973), and produce marked alterations in the macrophage elements of the 

RES, inc1udi~g heightened phagocytie activity and increased microbicidal 

and cytotoxic activities of individua1 macrophages, (Bïozz; et li. 1960; 
\ . 

Old et al. 1961). It has been suggested that the activity of BCG as an' anti-. -- . 

cancer agent may involve a combination of several mechanisms (Bartlett et 

!L. 1976) inc1uding: 1) a generalized'stimu1ation of immune responsiveness 

and lymphoreticu1ar activit~ following systemie,administration (Old~èt al. 
"!"-

, 
..:MiL il 2j1..=\5.§~·e·'8Ba :& iN :;h'AU&!'!lt!WAE2 _L tJ( Ik_ d Lil p (1 ~ 5 -

" 
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TABLE 8.4 . 

THE MEAN AGGLUTINATING (TRYPANOCIDAL) ANTIBODY 
TITERS (LO~2) FOR RATS IMMUNIZÈD WITH BCG AND 

CHALLENGED'WITH IRY~ANQSQMA LEWISI 
* GROUP NO. lSI TRYP. AB~A) P-VALUE 

(B) 
2ND. TRYP. AB. 

(M~ ± SE!~ (MEAN ± SEj 

1 ~ 4.8 ±.49 NS 4.0 
II 4.'4 ±.50 NS 4.2 
III 4.6 ' ±.51 ~s 4.6 
IV 5.0' ±.31 NS 4.4 
V 4.8 ±.73 4.6 

(A) TITRATED WITH,LIVING REPRODUCING STAGES 
(ISI ANTIGENIC VARIANT) 

(B) TITRATED WITH INHIBITED ADULT STAGES. 
(2ND ANTIGENIC VARIANT)' • 

±.32 \ 
±.58 
±-.24 
±.60 
±.25 

* STUDENT'S T-TEST~ ~S = NOT SIGNIFICANT (p>.05l 
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* P-VALUE 

NS 

NS 

NS 

NS \ 
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1960, 1961), 2) a, local and non-specifie destruction of tumor cells at 
, \' ~ 

the site of a de1ay,ed-type hypersensitivity reaction to BCG ("innocent by-

stander" effect)(Bart1 ett et!l. 1972), and 3) a true adjuvantici ty whereby 

the administration ot BCG in temporal and spac~a1 proximity to tumor ce11s 

(either m,ixed in the tumor ce11 ino'cu1um or -by infiltratlon of the tumor 

nOdules) results in ~ugmented development of systemic, tumor-specific, 
... 

rejection- immunity (Bartlett and' Zbar 1972; Hawrylko and Mackaness 1973) . . 
The ~se of BCG in investigating the ro1e of non-specifie immunity 

in the host-parasite,re1ationship has,now become high1y fashionable. Indeed, 

~ the efficacy of using BCG or other non-specifie immunostimu1ants such as , . 
Corynebacterium parvum in tha."'immunothe~apy of parasitic disease\s 1s now 

under extens tve investi gatj.6~ (Brener ~d Cardoso 197~ Kierszenbaum 1975; . ' 

Swartzberg et!l. 1975). live BCG has been reported to protect against a 

number of experimenta1 protozoal infections, the success of whi ch has var~edl 
- "' 

considerably with the dose( strain, and route of administration. Thus, intra-
. / 

peritoneal inoculations of viable BCG did not protect mice,against T. cruii 

(Hoff 1975) or Toxoplasma gondii (Frenkel and Caldwell 1975), and BCG in-
1 

jected into the retrobulbar space of rabbits did not protect the eyes from, 
\ 

T. gondii (Tabbera et !l. 1975~. In contrast, pre-,treatment intravenously 

with viabl ~ BCG. reduced ,the' number of ci rcu1 ating 1. cruzi a~d, enhanced 
o 

survival timès of mice (Orti z-Ortiz et Ël. 1975) and protected rabbits 1 

eyes, from 1. gondii (Tabberf et!l. 1975). However, Kuhn et!l. (1975) were 

unab1e to suppress 1. cruzi pa~asitemia or enhance surviva1 times by_pre-
l' 

treating mice intravenously with BCG. The most promising and consistent . . 
resu1ts to date using BCG are those of Clark et al. ,(1976) and Clark and 

, '.. --
All ison (1976). These author~ have been able to comp)ete1y sUPl?ress the 

/ 

deve10pment of Babesia microtf, Babesia rodhaini, P1asmodium'berghei, and 1 
Plasmodium vinckei in mi ce using either intravenou$' or intraperitoneal in~ 
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jections of Bt~ 

The extensi ve èlifferehces observed ln 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 immunizatio~ relative to 
\ ' 

the challenge infection, rather than any fundamental differences in the 

protecti.on afforded by BCG immunization, against di fferent protozoan para-
• • 

sites (Clark et!l. 1976). Tbis may be especial1y true in view of the re-

su1ts of the present study. . ' 

In a preliminary experiment (experiment 1), a dose of 5.0 x 107 

Q CFU of BCG given' i .p. caused consirlerable enhancement of 1. lewisi para'-

sit~as w~en, immunization preceded the trYjlanosomê c1hall :nge
/
. ~y seven days. 

'Howev~~uniiation with lower doses of BCG {5.0 x 105 or 5~0 x 106 CFU) 
\ . 

also giv~n i.p. (experiment 'II) d\d not enhance trypanosome parasitemias 

and may have .ctually inhiblted the ~evelopment of 'peak"parasitemia ta ~ 
sorne degree, when immunization preceded the trypanosome ch~enge by 14 

- , 

days. In contrast, the same do~es of BCG ~iven intravenously 14 days before 

trypanosome chall~nge {experil1)eJlt..;nL significantly inhibited the develop-

ment of peak T. 1ewisi parasitemias on day 8 of the infections. 

The results of experiments 1 and II do not confirm those of a 

recent study. by'Tizard and Ring1eberg (1975) on the effects of bacterial y 

;' 

adjuvants on T. lewisi infections in rats. These authors fai1~d to demon­

strate either enhanced or suppressed 1. 1ewisi infections after the'intra-
, - 1 

muscul ar administration of BCG. These conn icting:resul ts confirm the ob": 

servations of other workers that BCG-induced, non-specific tesistance ta . , 
protozoal infe.ctions and neoplasia is a function of both, the dosage an,d / 

the route of inoculation. For example, in a recent study of BCG dosage and 

tumor rejection phenomenon. Bart1ett et!l. (1976) found that the dose of 

1 Il 

.. 
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BCG required for optimal suppression of local tumor growth, was detr!1-
/ . 

mental to the development of a sustained an~ s~stemic tumor immunity. It 

is obvious from observations such as these, ,and the confl icting reports 
, 

of Kuhn et~. (197p), Ortiz-Ort1iz et a"l. (1975), and Hoff (1975) that 
1 

the variable effects of dosage and route 'of administration of BCG on non-
, ' 

1 

~pecific stimulation of host resistance needs further evaluation and ·re-
~ 1 

search. 1 
1 

\ 1 

The present study was conduc~ed for the purpose Df compari1ng the 

, effects of non-specifie, cell-mediated irrmunity stimula:ed by BCG .. W\~th 
1 1 

\ 

the effects of 'l. spiral is infectl.ons on the immuno10gical response'of 
. . 

the rat to T. lewisi. Although there is con~iderable evidence te suggest 

that immunopotentiation in Trichinellosis is a function of enhanced non-
, , 1 

1 specifie, cell-mediated, irnmunity (Cypess lét!l. 1974; Mo1inari et ll. 1974; 

Mo1inari and Cypess 1975), the m&chan;srn of immunopotentiation durin~ con-
1 

cami tant ;nfecti,ons 0 f 1. s pi ra lis and 1. 1 ew; s i i s 'uncl ea r. 1 t was hoped 
li! 

1 

that th;s comparqtive ~tudy would aid in ~n understanding of hpw a stimu-

lation of cell-mediated irnmunity might affect the host response to,T. lewisi. 

The resul ts of experimen't II ind~cat~, that the systet"adIDinistration of' 

BCG '(i.v.) was capable of eausing an inh~bited develo ent of peak trypano­

e the normal humoral response ~ablast;c and-trypano­

ared unaffected. These resul ts mirror those -abtained 
.. 

for rats infected~ ith l. spiralis, in which peak parasitemia was inhibited, 
1 

~hile the ablastic ànd trypanocidal responses were unchan~ed (Chapter VI). 

A host undergoing a hjgh level of cel1-mediated (delayed-type) 

hypersensi'tivity ta BCG, may upon secondary Jtimulation, releas~ soluble 

factors (lymphokines) which activate macrophages and enable them to destroy 
/ 

unrelated organisms more effectively (Mackaness 1969'. In this situation, 

.iIIl' ' • 
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the' non-specifie stlmul'ator 'must Q .:tigert\lc. and the host must be under-) 

90in9 the corresponding immune response. A~ though th'e effector ce11 (macro­

Pha?e) is specifica11Y activated, '1t is non-sp~cifica11y active and can 

destroya wide yariety of'phylogenetica11y and antigenically.unre1ated 

organisms (Ruskin et~. 1969). It is therefore not'diff1cult to see a 
\ 

similarity between the effects that stimuJation with BCG (experiment II), 

1. spiral is (Chapters V and VI), or bacteri,aT endotoxin (Sty1 es 196~) mi ght 

" Defi~itl've evidence for' ";'le of ~ped1fiC Or non-specific cél,l-

have on the host response to~. f ction with T.' lewiS'i. ' 

mediated immunityor RES pha c activity in contro11ing infections 
# 

with T. lewisi has not been presented in the past (Ta1iaferro 1929; DtAle-

sandro 1970). In spite of the fact that 1. 1ewisi infections are principallY 
, 

controlled by three well defihed humoral antibody re.sponses (Taliaferro 1926). 
. .. 

the results of the present study and those of Styles (1965. 1970) 1ead me 
, , 

to presume that an appropriate stimulation of non-specifie cell-mediated 

immunity or RES phagecytie actiyi~y by agents such as BCG, 1. spiralis, or 

bacteria1 'endotexin, can result in enhanced resistance te 1. lewisi. 
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CHAPTER IX '. 

r ~THE PHAGOCYTIC ACTIVITY ~F PERITONEAL AND SPLENIC ~ 

~ ,MACROPHAGES FROM TRICHINËlLA SPIRALIS-INFECTED AND 

BCG-IMMUNIZED RATS ON/ TRYPANOSOMA LEWISI IN Y!!B.Q. 
J 

INTRODUCTION -

196 

Research in the past concerning the immuno1ogica1 responsiveness 

of the rat to 1. lewisi has not provided affirmative evidenee for a ro1e 

of specifie or'non-specific cel1-mediated immunity or RES activity in con­

trolling infections with this trypano)ome (Taliaferro 1929; D'Alesandro 
o , 

1970). RecEtnt studies by a number of people. however, have c1ear1y delrOn- . 

strated 'le capacity of sP1,epic or peritoneal ma:ro~ages from normal or 

infecte~osts to phagocytize 1. lewisi in vitro\~ge and Lysenko 1960; 

• Patton 1972; Greenblaft and Tyro1er 1971) as well as the capability of whole 

spleen cell or peritoneal cell transplants from immune or hyperimmune rats 

to confer protection against 1. 1ewisi in non-immune recipients or immuno­

suppressed hosts (Greenb1att et~. ~972; Patton '1965, 1972). 

" 

The resu1ts presented in Chapter VIII of this thesis suggest that 

an àppropriate stimulation---of non-specifie, cell-mediated immunity or RES ,," 

• activity can .effectively inhibit the full deve10pment of 1. 1ewisi infec­

tions. The similarities between the effeets of infection with T. spira1is 

(Chapters V and VI)" BCG immuni zation (Chapter VIII), ,or pre-treatment with 

f. coli bacterial endotoxin (Styles 1965) or the toxin ho1othurin (Styles 

1970) on 1. 1ewisi infections, suggests the possibility that a comman mech­

anism of immunopotentiation may under1 ie the activity of all of these dif­

ferent agents. 

Cypess et~. (1974) and Meerovi tch and Ackerman ,(1974) have 

',t 

", ~ . 
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suggested that immunopotentiation during TriChfnello'~s probably manifests 
../ .' 

itself in the form of non-speciflc, cel1-mediated immunity an whiçh the 

'fctivated macrophage is the effecto'r celle In thi,5 situation, macrophages 

specifically activated by infection with 1. spira1is would be non-specifi-

I~ cal1y active against a wide variety of heterologous organisms or neoplastic 

~cells (Lubiniecki and Cypess 1975; Ruskin et~. 1969). Meerovitch and 
.c. 

Bomford (1977) have tested this iypothesis in vitro and have shawn that 
t 

peritoneal macrophages taken from mice infected with 1. spiralis fat 6 to 
'\1' 

36 days are activated and highly cytostatic for Rl Leukemia c~lls as com-

pared to macrophages from normal anima1s . 
. 

o In view of the fact that activated peritoneal o~splenic macro-

phages have bee~ conlinually allu~d to as the effector ce1l~ in immuno­

potentiation during experimental Tri~hinel10sis, it ~as of interest to ex-
,.. , 

plore ,t~e potential of this cell type for phagocytic act;yi~ towards 1. 

1ewisi. Therefore, the purpose of the experiments reported in this chapter 

was to investigate the ability of sp1enic or peritoneal macrophages from 

rats infected with 1. spiràlis~ or immunized with BCG, to phagocytize try­

panosomes in vitro. Ta this purpose, macrophages from the spleens or peri­

toneal cavities of nonmal anima1s, rats immun;zed with BCG, or rats infec-
, ~ 

ted with T. spiralis or 1. lewisi ~/ere cultured and compared in vitro for 
\ 

the abil ity to phagocytize 1. lewisi .in the presence of homologous or he ter-

ologous immune sera. 

MATERIALS AND METHODS 

1') THE PARASITES, EXPERIMENTAL INFECTIONS, AND IMMUNIZATIONS 

TRYPANOSOMA LEWISI ' 

The strain of 1. lewisi used in this study ~~~ maintained by 

seri al transfers at two week intervals in outbred CD, albino female rats 

. " 

.. , 
, 
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("'100 grams)(Canadi"an Breeding Farms, St. Constant, Quebec) and is de­

scribed in detail in Chapter V. Charles River CDF, inbred albino, female 

rats ('V200 grams) were experimentally infected i.p: with' 'Vl.O x.10S try-
, 
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panosomes from a previously infected stock rat. Twelve days after inocula-. . 
tion, the rats were bl~d by cardiac p~ure and trypanosomes free of host 

blood ce11 components were obtained by means of DEAE-Cel1ulose Anion Ex­

change Columns (Lanham 1~68; lanham and Godfrey 1969; see Chapter ,V). The 

trypanosomes were washed,three times in phosphate-b~ffered saline (pH 7.2) 

contain1ng 1% glucose, by centrifugation at 40 C. (1000 x g, 10 min.), 

resuspende~ in sterile,tissue culture medi~m (see be10w) at a concentra­

tion providing suitable numbers for the phagocytic test, and stored on ice 
f 

until use. 

TRICHINELLA SPIRALIS 

.The strain of 1. spiral is used in this study is d~sçribed in 

detai1 in Chapter V. Infecting stocks were maintained in outbred CD rats 

inoculated ora11y with 3,000 infective muscle larvae, and muscle 1arvae 
. ~ 

for ini ~iating experimenta~ infections were obtained fry>m donor stafk rat~ 

w~ich had been inoculated thirty days previo~sly. Experi~ental and stock 

infections, and! the recovery of muscle larvae were done according ta tech­

niques adà'pted from Tanner (1968) and are described in detail in Chapter V. 

For the purpose 'of,:this study, Charles River CDF, inbred rats ('V100 grams), 

were inoculated ~ os with 100 infective muscle larvae, 28 days before 
,~ \ .. 

,the collection of the peritoneal or spleen cells that were used. in the 

phagocytic test. 

BACILLUS CALMETTE-GUERIN (BCG) 
" Charles River CDF, inbred albino, female rats ('V100 grams) were 

imm~nized intravenously in the tail vein with 5.0 x 106 colony forming 

units (CFU) of 1yophilized BCG (Lot'U 1707-6; Institute de Microbiologie 
l ' , !' / 

) ... 

". 
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.' (, 

et d'Hygi~ne de Montr~al, Quebec) in 0.25 ml of sterile distilled water, 

injecte,d using a 1.0 ml syringe and a #26 gauge neea1e. Ill11lun'izations were 

J 
done l4'days before peritoneal exudate or spleen cells were çollected for 

1 
the in vitro phagocytic test. 

( 

2) COLlECTION OF IMMUNE SERA 

The ~us ill11lune and normal rat sera (see below) used in rhe 

in vitro phagocytic test were collected from Charles River CDF, inbred 
~ 

albino~ female"rats pré'viously infected wi~h T. lewisi or T. spiralis, or 

hyperimmlUlikd with 1. \lewisi. Rats were bled by cardiac punçture and the 
, .. 

o ' 
blood was allowed to clot for 12 hours at 4. C .. The sera wete collected 

1 

by centrifugation (1500 x g, 30 min.) and heat inactivated (560 C., 30 min.)'. 
\ 

Sera were pooled and sterilized by :Filtration through ~ "Millipore" filter 

(O.45~)~nd stored in sterile, stoppered serum bottles at -200 C. until 

use. 

\. 
.• _M.\. ..... Dn.' :;:; .,,' ... 03. ..... _ 

1) 

2) 

Normal Rat Sera (NRS) Normal rat sera were collected from 
\ 

na ive animal s. 6 

Ininune Ra t Sera - T. lewisi (IRSTL) - Immune sera -from rats -. 
infected with 1. lewisi wére obtained from animals which were 

inocul ated \'/ith '\,1:0 ,x 1 05 trypanosome~ and bl ed 'approxim~t~lY -

40 dàys la'ter'l when an examination of the blood no longer, re-. . -

vealed circulating try~ânosomes. 
, ' . 

3) Immune Rat Sera - T~ sp1ralis (IRSTS) - Immu~e '~era from rats 

infected with T. spiralis were obtained from animals which 
" 

had been inocul"ated 28 days previo~sly with 100 infective . 

muscle larvae per os. 

4) Hyperimmune Rat Sera ',:, T. 'l.ewisi~ (HRSTL) - Hyperilmnune sera , ' 

were obtained from rats which had recovered from a primary 

. -

\ 
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lnf~ction \'lith 1. lewisi ('\40 days) and were subsequently 

cha 11 ënged i. p. with tvlO doses of a ,puri fied suspens'ion of 

200 

1 ivjng trypanos~mes ("'1.0 'x 107 organisms, prepared according 
4 

to the technique of lincicome and Watkins (1963) given at 

two week
q 

interva';, 'Sera 'were collected one week after the 

last injection of the trypanosomes. 

3) COllECTION OF PERITONEAL EXUDATE AND SPLEEN CELLS 

PERITONEAL EXUDATE CELLS (PEC) 

\ 

p'eritoneal exudate ce11s were co11ected accarding ta the tech­

nique of T~kayanagi et~. (1974). Rats were killed rapidly with ether 
~ " 

and the.peritaneal'cavity injected with 10.0 ml of Hank's Balanced Salt 

So1ution (HBSS) pH 1.3, containing 10 ~./m~ sodium heparin. The peri-
- " 

toneum was gently massaged, and the fi ui d conta'ining the PEC\ wa-s withdrawn . ,\ . . 
aseptically using a sterile syringe, and transferred ta a 12 ml centrifuge 

~,. . 
tube. The cells were se4imented and washed'twice by ce~tri(ugation at 40 C. 

in a clinical centrifuge at approximate1y 1,500 rpm. The ~ells were gently 
\ ~ 

resuspended in 5.0 ml of tissue culture medium (TeM) consi~ing of TeM 199, 
- '.;. <> 

20% fe~ql ca,l f ~erum, 50, LU./ml peni7il1 in, and 50 llg/m1, streptomycin, 

pH 7.3" and stored on ice until ûse. Viable cells were counted with 0.2% ..-
.' 

1 

Trypan.B1ue in a Spencer Brightline Hemocytometer and the concentration 

1 adjusted to 2:0 x '106 vJable cell s/ml. \The entire ~rocedu:e was done with' \ 

the ce11s 4either r~frigerated (40 C.) or kept on ice. 

SPLEEN CELLS (SC) 
, , 

Spleen cè11 suspensions were prepared according ta the technique 

, of Greenb1att and Tyroler (1971). ~he ~leen of the rat was removed a~Pti- . 

ca11y and a ce1l suspension was'prepared by gent1y sieving the spleen through 

, __ 3 
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a '#80 mesh stain1ess steel screen into 10'm1 of ice co1d TCM. The suspen­

sion was transferred to a sterile 12 ml centrifuge tube and'the sp1eéo, , , 
ce11s were g~ntl~ sedimented and washed with TC~ three times by centrifu­

gatio~ at approximatelY 1,500 rpm at 40 \C. in a refrigerated cl inica1 
, \ 

centrifuge. The c~11s were ~nt1y resuspended in 10.0 ml of lCM and stored 

\ 

on ice unti1 use. Viamle ce11s were cdunted as described above and the con­

centration adjusted to 1.0 x 107~viab1e ce1ls/ml. The entire procedure was 

done with the ce1\1 5 eit~er refr1gerated (40 C.) or kep~ on ice. 

"\ 
\ \ 

4) PREPARATION, AND CULTURE OF MACROPHA~E CELL MONOLAYERS-
4 

\ 

\ The macrophage mono1ayers (adherent ce11s) used for the phago-
\ 

cytic~test were prepared according to the technique of Greenb1att and 

Tyro1er (1971).- Spleen ce1l suspensions (1.0 x 107 cells/mi) or peritoneal 
'. ' 

exudate ce11 su~pensions (2.0 x 106 cells/ml~ prepared a~'de$cribed above, 

were dispensed in volumes of 2.0 ml or 1.0 ml respectively into Leighton 
, 

tubes containing 10 x 40 mm coverslips. Tubes were incubated at 370 C. in 
.. \ ' ' Q 

a humidified, C02~gas flow incubator (5% CO2 and ai~). After twô hours of 

. incubation, each culture tube'was vigorously agitated and the culture 
1 ~ 

medium,withdrawn. The cell layer w~s next washed twice with 2.0 ml of TCM 

by pipetting the culture medium across the surface of the coverslip and . . 
gently agitating the tube. The wash fluid was removed, th~ 'cell~ overlaid 

with 1.5 ml ~f TCM; and the tubes were incùbated as a~ove for a few hours 

• until used 'for the phagocytic test. The,agitation and washing procedure 
\ ' . 

~emOved more 'than 95% of the 'non-adherent lymphocytes and in some-~repara-
v' "" 1 • 0 

, tians it was difficult tQ find any cells other than macrophage~ on the 

éoversl i ps. 

\ 
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5) INCUBATIONS OF MACROPHAGE MONOLAYERS WITH TRYPANOSOMES AND SERA 

The phagocytic activity of peritoneal O'r sp1enic macrophages 
\ 
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,. 
was assessed by incupating the macrophage ce1l mono1ayers with trypanosomes ~ 

, (,1 ~ \ 

and various immune or normal sera. Before adding the trypanosomes and sera, 
" ~ 

thé culture medium was first discarded. Each Leighton· tube èulture then 

received" {}.25 ml of a' suspension of trypanosomes containing 1.6 x 108
0 

. 
organisms~l. After apProximate1Y~One minute, 0.25 ml of immune or normal 

< \ 
serum and 0.5 ml of TCM was added each tube. After mixing thoroughly, 

the culture tubes were incubated at 370 C. for two ~ours 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 air dried, fixed in abso1ute methano1 for five minutes, and stained 
\ 

in Giemsa's B100d Stain. 

'. 

6) EVALUATION OF THE PHAGOCYTIC INDEX (PI) 
i • -'The stained coversli'Ps were mounted on m,icroscope slides and , 

\ 

examined using oi1 i~ersion optics (1000X magnification). Random fields 

were examined and a11 macrophages encountered were examined for trypanosomes 
1 

either adhered to their surfacè or phagocytized. The phagocytic index, .. gI.(r~), 
" j . A-1-

was'ca1culated for 100 macrophages per slige according ta the fo110win~' ~ 

formu1 a: 
# of macrophages with adherent or phagocytized trypanosomes x 100 . 

PI(~) =' ( 
to~al # of ~c phàges observed 

Since adherence is he first step to phagocytosis~ the , 
phenomenon was included in a cal ation -of the' PI (Jones et'!l. 1972; 

\ 

Takayanagi et !l. 1974). , 
" 

1 .. ,.-
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7) EXPERIMENTAL PROTOCOL 
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~ A tô'ta1 of 24 Charles Ri'ver CDF, inbred albino rats were ,used ' 

in these experiments. Peritoneal exudate cells or spleen cells were co1-

lected from groups of three rats. each group of which rece1ved one of the 
~ 

fo1lowing treatments; 

GROUP 1 ~ Normal rats not previously exposed ta BCG, T. lewisi. 

or l. spiral is .. 

GROUP II - Rats infected 7 days previously with l. lewisi 
\ 

(5.0 x 103 trypanosomes i.p.). 

GROUP III - Rats, infected 28 days previously with 100 1nfective 

muscle larvae o~ T. spiralis per os. 
, 

GROUP IV, -, Rats immunized 14 days previously with 5.0 x 106 CFU 

of BCG gi ven. i. v .. . . 
Adherent peritoneal (experiment 1) or adherent spleen '(experiment II) 'cells 

from three rats in each of these four groups were tested in vitro fQr their 
\ 

'abil~ty to phagocytize T. lewisi in the presence of NRS, IRSTL, HRSTL, or 

IRSTS according to the cu1tur~ system disp1aye~ in Table 9.1. The sple~n 

cells or peritoneal cells from each rat constituted a sèparate series of 
i 

four macrophage monolayer cultures, each of which was treated with one of, 

the four different sera described above. 
, \ 

~esults are presented as ~he mean phagocyti~ index (PI) ±SE for 
.... - --" \ 

the cel1ymono1ayers from 3 rats in each gro~p rece1ving ,the same treatment. 

1. 

RESULTS·, 
Il 

The phagocytic activity of peritoneal or splenic macrophages 

from rats in groups I-IV was assesse~ in vitro in the presence 0.1' normai 
- 1 

1 

rat serum (NRS), ràt anti-T. lewisi immune serum {IRSTl}, rat anti-T. lewis1 

" , 

. 
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t . 'TABLE 9.1 
\ 

l[ VITRO CULTURE SYSTEM FOR PERITONEAL 
AND SPLENIC MACROPHAGE CELL MONOLAYERS 

\ 1 

SOURCE VQLUME,ADDED ~EB rUDE {ML} 
OF TUBE KM l'iRS. 1 RSIL HRSIL 1 RSTS IRYe~NQSQMES & , ~ CELLS* #** lxlO- TR.YPS/ML 

, 
~ 
t 

~ 
\; 

" GROUP 1 \ 1 0.5 0.25 0.25 , 2 0.5 0:25 \ 0.25 
3 0.5 - 0.25 0.25 
4 0.5 0.25 0.25 

\ " (1 

"GROUP 1 1 1 0.5 0.25, 0.25 
., 
t 
1 

2 0.5 0.25 0.25 '1 

3· 0~5 0.25 0.25 
~ 
'. 

4" 0.5 0.25 0.25 ~ 
~ 

1 0.5 0~25 0.25 -
~ 

~ 

. 1 
2 0.5 0.25 0.25 l 
3 0.5 " 0.25 0.25· 

~ 

4 0.5 
, Q.25 0.25 

1 0.5 . 0.25 , -0.25 
1 

, 2 6.5 0.25 0.2~ , ' 
, / 
, 1 3 0'~5 0.25', 0.25 

~ 
\ ,1' 

4 0.5 " 0.25· '0.25 ~ 
H~~ 
." ~~ 

\ j~ ... * EXP • 1 - PERITONEAL CELLS; EXP. 1 l ,,- S~LEEN CELLS" , " ~' 
~( 

. (seE TEXT - .. .7) EXPERIMENTAL PROTOCOL} , 7 
-; .-

** FOUR MACROPHAGE CULTURES WERE PREPARED FOR EACH OF THE THREE f( 
~~ 

RATS-IN GROUPS I-Iy~. EACH OF WHICH WAS TREATED'WITH ONE OF 
u. 

,;". 
; f" , .... e FOUR DIFFERENT SERA. ; 1 

1 

\, \ 

'\ 

t 0 " 
'" ~.!-.t 

", 
' .... ..:" 
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hyperimmune serum {HRSTL}, and rat anti- 1. spiral is inunune serum "(IRSTS). 

The phagoçytic index, % PI, was calculated for ce11 mone1ayers prepared 

from 3 rats ip each group and are presented in Tables 9.2 and 9.3 as the 

mean Pl ±SE: Since adherence of the parasite to the macrophage cell sur­

\face 1s eonsi~ered to be the first step to. engulfment, this phenomenon 

was included in an evaluation of the PI. " 

" EXPERIMENT 1 - PHAGOCYTIC ACTIVITY OF PERITONEAL MACROPHAGES 
\ 

Attachment and ingestion of trypanosomes by peritoneal rnacro-
1 

, 
phages were greatly enhanced by the add1t'ion of immune or hyperinmune 

homo1ogous antisera against the parasites (IRSTL and HRSTL respectively) 

with cel1s from al1 sources (Groups I-IV). The addition of normal rat serum 

(NRS) or the heteroloQous rat anti-T. spira1is, immune serum (IRSTS) ,pro­

duced similar levels of phagocytosis with ce1ls in any one particular 
.' 

q , 

group. Phagocytosis did not oecur appreciab1y with cel1s from uninfected 
Il 

.~ 

control animals (group 1) or cells fro~ animals~nfected with 1. spira1is 
, 1 • 1 

(group III) in the presence of NRS or IRSTS although phagocytos~s was en-
. \ 

hanced.in these groups by'the addition of immune or hyperil\1llune (IRSTL or 
, '0 

HRSTL) homologous antiserum against the parasites. Peritoneal macrophages; . 
from rats ill111unized with BCG (group"IV) showed considerable p~agocytif 

. 
activity with a11 four s~ra as compared to ce1ls from the controls (group 1), 

< 

or from:'! .. spiralis-infected,rats (group III),a'nd the phago'cytic indices 
l û ' 

in group IV compared favorably with the homo1ogOus situation in which cells 
\ 

derived from rats .infected with 1. lewisi (group II) were incubated in' rat 

anti-T. lewisi immune or hyperimmune serum. 
, ' 

The results of this experiment suggest that immunization intra-, 

venouslY with BCG produced a s1gnificant activation of peritoneal ~acrO-
'1 . 

jPhages which was 'reflected by an enhanced abi~ ity tô, pha,gocytize trypan~-

. ~ 

. 
Si i 11 st m aMts ( m~&!l2IJI!Wt1tQA j LU 
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/ ,TABLE 9.2 
• 

THE PHAGOCYTIC ACTIVITY* OF PERITONEAL MACROPHAGES 
FROM RATS INFECTED WITH 1., SPIRALISI I, LEWISI 1 , , 

) 

OR BCG ON I, LEWISI lN YITRO 
\ 

SOURCE 
OF 1 

SERUM*** 
jiROUP 1 • GROUP Il li'l m GROUP" IV 
CONTROL I, LEWISI I, R S BCG ... 

NRS 2.3 ±1.S 16.7 ±3.2 4.3 ±1.S 10.'3 il. 5 
\ 

1 RSTL .' . 9. 6 ±2. 0 28 .3 il. 8 13 .3 ±1.5 23.6 ±2.3 

HRSTL· 14.0 ±2.1 32.3 ±3.8 16'.7 ±2.4 31.7,±4.1 

. IRSTS \ 2.0 ±1.2 16.0 ±2;9 4.7 ±1.5 1 9.0 ±2.5 

.* MEAN PHAGOCYTIC INDEX (PI) FOR CELLS FROM 3 RATS 1 ±SE 
** SEE T~XT - 7) 'EXPERIMENTAL PROTOCOL 

~ *** SEE TEXT - 2) COLLECTION OF IMMUNE SERA 
NRS = NORMAL RAT SERUM 

IRSTL =" IMMUNE 'RAT SÊR,UM .:. I. LEWISI 
HRSTL = HYPERIMMUNE RAT SERUM - I. 'LEWISI 

1 

IRSTS = IMMUNE RAT SERUM - I. SPIRALIS 
'- ' 

,. 
, r 

'"-'~,--------------~ 

206 

, " 

", 
~~" 

1 ",I,;.t';' 

" , t: "t;<~~'. 



1 . 

'1 \ ... 

. 
207 

, . 
somes ~ vitro. ,This macrophage activity was equivalent ta that exhibited 

in the homologous reaction with cells derived from rats previously ,infected ~ 

with T. lewisi. Although the phagocytic indices for peritoneal macrophages - ) 

from T. spiral is-infected rats w~re sl ightly higher than those for normal 

~cells in all cases, these differences ,would'not appear to be significant. 

Therefore, infection wi,th T. spiral is 28 days previously" did not appear 

" to sti~ulate 'macrophage activity towatds T. lewisi as assessed by this .in. 

vi'tro test of the pnagocytos is of trypa~o~omes. 

EXPERIMENT II • PHAGOCYTIC A9TIVITY OF SPLENIC MA~ROPHAGES 
. , . 

1 

The process of a~tachment and ingestion of trypanQsomës by splenic 
"., \ 

macrophages occurred with cells from all sources (groups I-IV)(Table 9.3) 

and was greatly enhanced by the addition of immune or hyperinvnun'e antisera 
• '1 

against the parasites (IRSTL and HRSTL respectively). As was the case for 
\ 

peritoneal macrophages, the addition of normal rat serum (NRS) or the 

heterologous rat anti-T. spiralis immune serum (I~~TS) produced similar 

levels ,0f-phagocytQsis for the cells in any one particular group. Phago-' 
, 

cytic activity was very low, however, «5%) for cells from uninfected con-

trol animals (group 1) or cells from rats previously infected with T • 
• 

spiralis (group III) in the presence of NRS or IRSTS. Phagocytosis was 

enhanced to sorne extent in these ~wo groups by the l àddition of the, homo­

logous antiserum against the trypanosomes. Splenic macroph~ges from,rats 

immunized intravenousl~.with BCG (group IV)~ere highlY a~tivated and the 

PI for these cells was considerably higher wi~h all four sera tested when 

compared,with cells from controls (grOup 1) or from rats infected with T. 

spiralis (g~up III). T~~hagOCYtiC- activity of cells in group IValso­

compared quite favorably with the homologous combination of cells derivea 

from rats infected with l. lewisi (.group Il) and rat anti-T. lewisi inmune 

-', 

~--- -- - -~-~- .. 
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TABLE 9.3 

THE PHAGOCYTIC ACTIVITY*'OF SPLENIC MACROPHAGES 
FROM RATS INFECTED WITH:l. SPIMLIS, 1.' LEW4SI , 

OR,BCG ON 1. LEWISI lN VITRO 

SOURCE OF SPLENIC MACROPHAGES** SOURCE 
,\~F 

SERUM*** 
GROUP 1 GROUP II GROUP III GROUP IV-
CONTROL I, LEWISI 1. SPlRALIS BCG 

, 1 

NRS 1 1.7 ±1.2 20'.3 ±2. 9 3.3 ±1, 5 19.3 ±3. 5 
, 

1 RSTL ' 7 • 7 ±l .. 8 32 • 7 ±2. 9 10.3 ±1.5. 35.0 ±3.2 

HRSTL 12.7 ±2.3 37.3 ±3.5 15.3 ±2.3 36.0'±3.2 
\ 

1 RSTS 2.7 ±1.2 18.3 ±2.3 4.7 ±2.3 1 17.3 ±3.9 
, 

* MEAN PHAGOCYTIC INDEX (PI) FOR tELLS FROM 3 RATS, ±SE 
** SEE TEXT - 7)\EXPERIMENTAL PROTOCOL 

*** SEE TEXT - 2) COLLECTION OF IMMUNe SERA 
NRS = NORMAL RAT SERUM 

IRSTL = IMMUNE RAT SERUM - I. LEWISI 
• HRSlL = HYPERIMMUNE RAT SERUM - I." LEWISI 

IRSTS = 'IMMUNE RAT S'~RUM - I. SPIRALIS 

... 1 • ! 
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~r hyperirrmune sera. 
, ' 

These results sU9gest that immunization with aCG by the intra­

venous route prpduced considerable activation of splenic·macroPhages which 

was reflected in vitro by an enhanced capaCltY to phagocytize t'rypanosomes -..,--­. 
in the presence of normal, or homologous or hetero1ogous immune rat sera. 

This macrOP,hage ,'acti vi ty was comparati ve,With that exhibi ted 1'n. vitro by 

spleen cells from rats previously infecte~ wlth Il. lewisi for 7 days. ' 

,Splenic macroph~ges from rats infected with 1. spiralis, however, did not 

exhibit enhanced in vitro phagocytic activity towards l. lew.isi; al though 
1 • 

the phagocytic indices for cells from this source were slightly higher 
'\ 

than control 'Ial ues, with all fou'r sera tested. Therefore, previous' infec-

tion with 1. spiralis did not appear ta potentiate the in vitro phagocytic 

activi~ of splenic macrophages in this system. 

DISCUsSION 

Until" recent1y, research concern;ng the immunological respons;ve­

ness of the rat ta l. lewisi has failed ito provide posi'tive evidence for a 

ro1e of cel1-mediated immunity in çontrolling infections with this parasite, 

other than'a subsidiary function for phagocytosis in clearing lysed or 

agglutinated parasites from'the circulation (Ta1iaferro 1924. 1929, 1932, 

1938). Laveran and Mesnil (1901) were the first ta consider tije possibilityO , 
1 

that PhagoCy~siS p1ayed an active role in 1. lewisi infections after they 

observed phagocytosis in the peritoneal cavity of actively and pa'ssively 

immuni zed "rats. De1anoe (1911, 1912) and Roudsky (1911) came to similar 

conclusi~ns when they observed a phagocytic response in th~ peri~neal 

cavities of mfc~ inoculated with 1. lewisi~ However~ thes& authors were 

probably studying natural immunity! sinceJthe mo~~, is normally refractorr 
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to this trypanosome infe~tion. Delanoe (1912) obtained similar resu1ts, 

however, using a' susceptible strain of mice that develo.ped an acquired 

ïmmunity-: Brown (1915) ëons idered phagocytos is an essenti al mechans im in 

re1ieving the host of infection with this parasite after observing agglu-
- . ' 

tination and phagoeytosis during the course of infection in rats. and 

Augustine (1943) made similar observations in immune rats reinfected with 

large numbers of trypànosomes. These res~lts were refuted by other workers 
'--. 

(MaeNeal 1904; Manteufe1 1909; Ta1iaferro 1924, 1932, 1938) who stressed 
\ 

the importance of humoral anUbodies in parasite destruction.' 

There ;s little doubt today that specifie humoral antibodies 

play a primary role in trypanocidal activity, espeeially in view of the 
, , 

fact that trypanosomes may require sensitization (opsonization) with spe-

cific immunoglQbul in before a 'stima-latio'n of macrophage activity or other 

cell-mediated response can occur. The resul ts of the yresent study woul d 

tend to confirm this view, sinee phagocytosis in vitro gid not pccur ap­

preciably when trypanosomes and peritoneal or splenic macrophages were 
\ " , :incubated in the presence of normal rat serum or heterologous inunune serum 

" 
from rats rats infected ,with 1. spi ral is. Lange and Ly'senko (1960) reported 

that ,immune se~um enhanced the Phag0i:tosiS of 1. lewisi jR vitro by peri­

toneal exudate cells,' and that immune'-serum adsorbed with trypanosomes no 

longer enhanced this activity. The ability of immune sérum ta enhance phago­

cytosis in vitro was confirmed by Patton (1972) an~ is ,consistent with the 

results of the pre$ent study. 
1 1 

Patton (1965, 1'972) has investigated the -interactions between 

sera and peritoneal exudate cells on 1. lewisi in vivo and found that rats 

immunosuppressed with dexamethasohe could only b~ protected against ~ lewisi 

infections 'if treated with both hyperimmune serum and normal or hyperilTltlune 

'. 
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" peritonèal exudate cells. Trypanosomes g'iven i .p. in this case were detained 

in the peritoneal cavity, agglutinated, 1ysed and phagocytlzed. Patton 

(1972) also observed phagocytosis of T. lewjsi in vitro in the presence 
~ - '(-

of nonnal or invnune sera pl us normà1 'or immune peritoneal exudate cells, 

but a quantitative index of phagocytic activity was not provided in these 

studies. 
,1 

Greenblatt and Tyro1er (1971), Greenb1att et al. (1972), and --
Greenblatt (1973) have extensively studied the role of the sple~n and 

« 
splenic macrophages in invnunity to T. lewisi. The spleen of the rat occu-

pies a central role in the development of acquired immunity ta l. lewisi 

and it is expected that individual reticu1ar macrophages should express 

this activity (Perla and Marmorston-Gottesman 1930; Ta1iaferro 1929). 

Greenblatt and Tyro1er ·(1971) have shown that l. lewisi infections produce 

a marked increase in the percentage of activated ~acrophages in the spleens, 

of infected animals which peaks at approximately seven days after infection. 
-

These ce1ls were also highly active in vitro in phagocytizing trypanosomes~ 

a resu1t which is confjrmed by the present study. Greenb1att et!l. (1972) 

showed that immune spleen cells (taken fram infected rats 12-39 days after , 
• infection) were capable of transferring inununit~, and electron microscope 

studies have demonstrated the. presence of l. le\'1isi in reticular cells 

(macrophages) in close association with plasma cells in thé spleens of in­

fected rats (Greenblatt 1973). Although the trypanocidal mechanism may 
'. 

principally involve lysis and aggluti.nation, it is obvious from studies - , 

such as those cited above, that splenic macrophages may play an important 

role i.n both the processing of parasite antigens, and in the êventual re­

maval of parasites from the circulation . 
. 

. In view of the fact that non-specifically activat~d peritone\l 
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" 
or splenic matrophages hav.è been continually alluded\to as effector cells ( 

in immunopotentiation during Tr~chinel1osi} (Cypess et~. 1974; Lubiniecki 
1 

"and Cypess 1975; Meerovitch,and Ackerman 1974; Meerovitch and Bomford 1977)~ 
r ' 

it was of interest to e~p1ore the potential of this ce11 type for phago­

cytic actiyity towards 1. lewisi. The resu1ts presented in Chapter .VIII 
1 

of this thesis had sugge$ted that an Qppr9prip,te stiIDu1ation of non-specific 
• 1 1 

cel1:mediated immunity or RES activitY by BCG cou1d effectively inhibit 

the development of T. lewisi parasitemias in immunized rats. The apparent 
" -, . . 

similarities Getween the effects of T. spira1is infections (Chapter V and 
.' 

VI), BCG imrnunizatians (Chapter VIII), or pre-treatment with ~. c~ac-

" teria1 endotôxin (Styles 1965) or t~e taxin ho10thurin (Styles 1970) on 1 

. . 
1. 1ewisi infections in the rat~ su~ges,ts\the possibi1ity that a corrunon 

mechanism of re~istance may un~er1~e the activity of these different agents. , .. 
Therefore, the purpose of the present study was ta compare the in vitro 

, \ ~ 

phagocytic activity of--,splènic or, peritone,a1 macrophages fram rats inf-ected 

with'l. spiralis or immunized with BCG, towards '1. lewisi, with that of 

. macrophages from norm~ rats or rats infected with 1. 1ewisi. 

; The results of this s,tudy indicate 'that sp1enic or .peritonea1 
, . 

,macrophag~s fram rats .inmunized with' BCG are highly activated and can 

phagocytize Itrypa~osomes in vitro in the 'presence of normal, or homologous 

or heteralogous immune serum. The activity of these cells was equivalent 

to that exhibited by splenic or'peritoneal macrophages from rats infected 
1 

7 days previously with T. lewisi, and was considerably 'enhanced by the ad~ 

dition of immune or'hyperimmune serum specifie for the, parasites. In con-

o trast; the phagocytic attivity of macrophages from 1. spiral is-infected 
f 

1 

rats (cells corlected 28 days after the nematode infection during the period 
\ 
1 

of maximum' inmun6potenti~tio,n towards 1. lewisi and enhanced RES activity 
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\ 

(see Chapter\ V» was not enhanced over that of ce11~ f~m fhe uninfected 

control animals. These resul,ts suggest that immu,nopotentiation and macro-
.. ..JI "~ 

phage activation during Trichinel10sis (Meerovit~h and Ackerman 1974; 
, 1 

Meerovitch and Bomford 1977;'Lubiniecki and Cypess 1975) was not reflectéd' 
-

in this in vitro system by a potentiation of sp1enic or peritoneal macro-

phage phagocytic activity towards T. lewisi. Therefore, while the immuno­

potentiation by BÇ,G in Vivo (Chapter VIII) correlates we1l with th,e enhanced 
\ 

ability of BCG-activated macrophages to phagocytize 1." 1ewisi in vitro,·the 

potentiation of the host response to T. 
, - (Chap-

ter V), was not refle~ted in vitro by enhanced phagocytic act'vity of 
, . 
~p1enic or peritoneal macrophages. 

have a1so 
\ 

These di'ffe,rences are di fficu1 t to 

ti6ning of non-specifica1ly activated macrophages (Hoff 1975; Kress et al. 
0---

19 5} Swartzberg et~. 1975). A lthough T. s pi ra lis hqs been shown to poten-
" . 

tia e ce11-mediated immunity' ta. BCG (Cypess et~. 1974), it is a1so quite 

pos ible that T. spiralis and BCG may stimulate different ele~ents of the 

RES, such that phagocytosis of trypanosomes in T. spiral is-infected rats 
1 

may ccur more readi1y in th~ fixed ce11s 1ining the sinusoids of ~he 1iver, 

or 0 her macrophage e1ements of the reticuloendothelial system not examined, 

in tHis study. Yndeed, Taylor and Becker (1948) have found tha~ phagocytosis 

of 1. 1ewisi can a1so occur in the Küpffer ce11s of the liver during infec­

tions in pantothenate-defiçient rats. The correlation between enhanced RES 
.... 

granulopectic activity and immunopôtentiation towards T. lewisi during 

Trichinellosis reported in Chapter ~ lends credence to this argument, since 

the li er is generally responsible for the greater part of the granulopectic ' 
- 1_ 

activi y of the RES (Biozzi et al. -1953') . 

\ 
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The oRly other in vitro ,~tudy to date, dealiri~th this aspect 

of immunopotentiation in Trichinellosis, is that of Meerovitch and'Bomford 

(1977). These authors have reported that peri~onea1 macrophages f~m mice 

infec~ed with 1. spiralis are highJy act)~ated and can inhibit DNA ~yn­

thesis bf syngeneic mouse Rl leukemia cells in vitro. Thes,e cytostatic ~ 

effects were comparable to those,obtained in the same experimental sys-
""'-.. 

tem uSing macrophages from mice injected'w~th Corynebacterium parvum 

(Olivotto and Bomford 1974). The apparent differences in thè in vitro ac-
1 . 

tivity of rat peritoneal macrop~ages in the present'study and mouse peri-

toneal macrophages in the study of t~éerovitch and Bomford, may be due to 

hast differences a~d 1~ve1 of ~nfection (rats in the prrsent study were 

inoculated with a dose of 100 muscle larvae,whereas Meerovitch and Bomfora 
. , 

used doses of approximat~ly.,500 and 1000 1arv!1e per mouse)~' or basic func-

tional differences between the in vitro phagocytosis of opsonized cells 
" -

(trypanosomes) and the inhibition of cell growth by non-specificaHy acti-

vated macrophages. \ ' 
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CHAPTER X \ 

GENERAL DlSCUSSION AND SUMt~RY 

• 
The immunology of pàrasitism offers numerous opportunities 

for~he elucidation of fundamental immunological mechanisms. However, 

new conce~ts in immunology have emerged less rapidly in relation to the 
\ 

immunology of parasitism because of the ~ifficulties involved in intro-
, 
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ducing sound experimental manipulations into complex ,host-parasite systems', 

The pauC'Ïty of good experimental models in parasitology hoas also weak-

ened the .conclusi'Veness of many existing experimental findings. Many 
- , , . , 

characteristics of host-parasite relationships at an immunological level 

remain poorly understood. The nature and effectiveness of the efferent arc 
\ 

of the immune re~ponse have not.been precisely èotrelated with t~e speci~ 

fic modes of antigenic stimulation in parasitic infections. An' understand­

ihg'of the origin and nature of fun~tional parasite a1tigens is lacking; 

their significance in inducing·altered states of immunol,ogical responsive­

ness during interspecific or intraspecific competition between~arasites, 

has not been adequatelY,determined. 

The literature in exper4mental parasi tol ogy' is replete ~ith 

exampl,es o,f competitive, interspecific host-parasite interactions dur:-ing 
• 

éoncomitant infections (reviewed in chapte~ 1). The immunobiology of the 

host-parasite relationship is highly comr1ex, and for most if not aJl 

host-parasite interactiohs, furt~er c~exities are introduced~by the 

presence of multiple'(parasite) species infectio~s. It is gen~rally recog-
1 

nized as the ,rule, rather than the exception, Ithat in its natural environ-
, ' 

ment, the host supports infections by more than one parasite $pecies. !t'.' 
l ' 
\ 

is only recently, however,~that immunoparasitologists have becom~ inter-
< , 
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#-1 

ested in the influence 'of parasitism on hos~limmnnolOgiCal responsivé~ 

ness towards secondary infections by antigen4"cal1y or phylogenetically 

unrelated organisms. Indeed, a detailed knowledge of par~site-mix, and 

~ effeCI~ of, ï>~tas iti~. ,infect~on ,o~ the fnmune sta tus of the hosto i s 

essent{al1 to a comprehensive understanding of the phenomenon of parasitism 
\ " * 1 

1 

and evolutiohary concepts of adaptation and counteradaptation by parasites - \ 
! 

and hosts. 

Many o~he aspects 9f the immunobiology of single~species in-
\ , 

fections are still not clearly delineated~ but'the use of experimental 

concomitant infections has gained acceptance as a tool for basic researcb 
~ 

in th~ immunology of parasitism. Studies ~n conc9mitant infections wit~ , -

helminths or helminths and a variety of phylogenetically unrelated intra-
. , 

cellular or extracellular protozoa have in~icated that a stimulation of 
.... ,~ ..... 

;' ,,_ non-specîfi~ ill1Jlune mechanismf may be of importance in the. il1lllUnological ! 

f, \ control of parasitic infections in g~neral. Studies of this type have been -
~ \ 

\ \ .. .-

Imostly phenomenological to date, but the value of non-speèific cell-mediated , . . 
'\ ~ 1 .. ~ 

, immunity in concomitant pa~asftic infections is becQming.more and more evi-\ 

dent. With respect to our knowledge of'the immunology of parasitism, it 

is of primary importance that te do n~t indiSCr~elY ~roup all, forms 

1 of acquiJ'~d resistance to infection under.a general heading of inmunity,· , ,/ 

~-'~~cn~~15ûttry ~o determinê whether immunity is of specific or non-specifie origin. 
\ ,. , ' 

Both types of immunity may' provide o~ly partial resistance ta inf~ction, 
'/ 

and while their kinetics and mechanisms may be different, their effects 

may be additive. 

into 

~ ,PO, \ 

~ the present study, an attempt was made to gain sorne jnsight ' 

the j.s ic inmun<?logical rel ationships and specificities o( ~aJ tered 

inmunological responsiveness during experimental Tricninellosis in thè rat 
\ 
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rnodè1. In 1974, this/ author reported on a pre1 iminary experiment that 
\ 

demonstrated that rats infected w1th 1. spiralis for thirty days w,ere 

partia11y'protected against a challenge infection with T. 1ewisi. CrDss-
, ' -'1 

\ 

protection was manifes~ed by a'significant inhibition of the development 
1 

of trypanosome parasitemia in concomitantly infected rats (Meerovitc~ and 
) 

Ackerman J974). Since 1. lewisi 1~ a non-pathogenic trypanosome of the r.at, 

and the infection is mediated by a well-charaaterized humoral antibo~ re-
l ' , 

sPonse (reviewed_in chapter II), it was felt that a model system using 
, . 

, \ 

'concomitant infectiops with these two parasites would be advantageous in 

investigating the al tered states of, irrmunological responsiveness (immuno~ 

suppression and irrmunopotentiation) in Trichjnellosis-Ias they relate tQ 
, \ ' 

\ 

the nematode life cycle and course of infection, and the mechani~ involved 

in these host-parasite interactions. 

As was noted earlier in chapters II and V, altered immunological 

responsiveness in experimental Trichinellosis is well documented. Numerous 
\ 

\ 

1nvestigators have suppl ied evidence that 1. spiral is can pro duce immuno-
,-, 

\ logical unresponsi~eness to heterologous antigens, allografts, and' virus 
,~) 

infections ih 'mi ce, and rats. In contrast to these immunosuppressive effects, , ,-

1. spiralis c~n also ind~ce a state of enhanced resistance to heterologous . \ 

bacteria, protozo~, 'and tumors (see Tabl e 2.~). The mechanisms by which 
, ' 

this nematode generates immunosuppression or immunopotentiation are not 
\ 

entirely clear. Lubiniecki and Cypess (1975) have provided evidence that 
l ' , 

immunosuppression is the result of sequential antigenic competition as. pro-

posed Gy Pross a~d Eidinge~ (1974). Others have sUggeS~d that immu'nosup-: il 
-

pression may be due to the presence of agglutinating and leucotoxic factors 

in the serum of ,infected animals (Fa~bert and Tann~r 1974, 1975); the secre­

tion of, immunosuppressive substances by' the newborn larval stages of +. 
\ 

, , , 

• 
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spiralis {Faubert 1976~ Ackerman and Faubert 1977}; the réduction or de-
\ 

plet~on of thymus-derived, antigen-reactive, T-cell populations in infec-
Il ' 

ted hosts (Faubert and Ta~ner 1974;Ljungstrom 1976); or by the stimulation 
\ . 

of suppressor T-cell activity in the spleens of infected animals (Jones 'et. 

al. '1975). In view of the considerable immunosuppress;ve activity of T. - \ -. , 

spiralis infections on humoral responses, Cypess et~. {1974} and ~ 

Meerovitch and Ackerman (1974) suggested that immunopotentiation is most 
, -

probablya reflection of enhanced non-specifie RES'activity, or non-speci-

fie cell-medi~ed immunity. 

r The occurrence of both immunosuppression'and immunopotentiation 
, \ 

in Trichinellosis appears contradictory. However, the results ,presente~ 

in t~is,thesis indi te that these phenomena are not mutually exclusive 
. 

nor are they necessar y expressed against all heterologous antigens or 

organisms. A suppre~sion of acquired humoral immunity to T. lewisi was 

never found to occur during 1. spiralis infections in any pf the,experiments 

reported' in chapters V-VII. The expression of immuno- potentiation or sup-
\ ' 

.~ssion in Trichinellosis is a fun€tion of the type of antlgen employed 

and the route of administration, (Chapter V; Barriga 1975; Lubiniecki and 
_ 'JI ~". 

,'Cypess 1975),.the intensity of infection (dose or level of muscle parasitism) 

\ (Chapter V)" and' most importantly, a functi6'1 of the timing of the various 

modes of antigenic stimulation by parenteral, newborn larval stages and 
" 

encysted intracellular muscle stages of the parasite's life cycle in the 

l hos t . (Chapter VII; Faûhert ·1976; Ackerman -and \ Faubert 1_977). 

" In any experi~ental ~odel that deals with concomitant parasitic 
\ . 

infections, there exists the possibility that competitive interspecific 

interactions may be associated with antigenic relationships between para-
"\ 

sites and the synt~esis of homologous~ cross-re~~ting antibodies by the 
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" hosto In parasitic diseases where specifiç immunoglobulin plays an essen-
, 1 

tial role in acquired resistance to~infection ( as is the case for T. 
" -

, -
lewisi). this type of interaction May be of paramount importànce in the 

l 
, 1 

host response to intercurrent infections with antigenically re1ated organ-. 
isms. However. in,infections'were specifie antibodies,are not a factor in 

acquired immunityl!l' antigenic cross-reactions May be of little consequence, 

especially where cross-rea~in9_1ntigenS prave' ta be of a non-~unctional 

nature. / " 

, In order t~~~~ut this possibility in the present stu~, a 

comparative immunochemical ana1y'is of parasite antigens was performed 

ustng both natural Întiser~ produ ed during the course of ~. lewisi, and 

1. spira1is infections in the r~ , and hetero1ogous antisera produced in 
, .,: 1 

,/ 

rabbits against antigen exfr~cts of either parasite. Immunoelectrophoretic 

analyses presented in chapter V failed to reveal the presence of antjgenic 
\ 

cross-reactivity, and it was concluded that immunopotentiation was'not re-

lat~d to the presence of common antigenic determinaQts in these parasites. 

However. these resu1ts did not rule out the possibility thrt 1. spiralis 

. might stimulate the normal humoral responsiveness (ablastièor trypano-

cidal) of the 'host to T. iewisi e;t:her by enhancing antibodY production 
, 

(adjuvant effects) or by accelerating the initial processing of parasite 

immunogens. The study presented in chapter VI of tlHs dissertation ruled 
, ' 

'-. " . 
out this possibility by dèmonstrating that infections with T. spiralis do 

] -:;-

.-

not ~nhance~or suppress the ab1astic or trypanocidal an~ibody response~ of' 

the rat to T. 1ewisi at any time during the course of the trypanosome in­

fection. Therfore. the in~ibited development of trypanosome parasitemias 
~ . 

in this experimental model is' not related ta either antigenic cross-reacti-

vit y, or a potentiation QI humoral respons.ivenèss to trypanosome antigens. 
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Faubert (1973) and Fau~ert ~~d ~anner (1975) have reported the 

presence o,f 1eucoagg1utinating and leucotoxic factor~ in the serum of in-
. 

fected mice, rats and rabbits infected with T. spiralis, which can àgglu-, . " 

i 

'. 

. tinate and lyse homologous lymph node, cells in vitro. These factors appeared 
. ' 

1 

in the sera of infected mice on the 7th day following'the inoèulation of 
" --

't~e parasite, and ti ters rose, to a maximum by th~ 30th ,clay of the infection. 

The possible presence ~f heterophile agglutinins or lysins (capable of ag­
I 

glutinating or lysing trypanosomes) in the serum of infected rats was in- , 1 

\.,. 1 \ • ., 

vestigated,in chapter V. Sera from rats infected with 100 or '1500 larvae 
\ -

of l. sp,.iralis/)or 7, 14, 2Bs or 56 days were titrated in vitro for 1y'tic 

or'agg1utinating activity towards reproducing st~ge (lst antigenic variant) 
- , 

or,non-divid?ng, inhibited,ad~lt stage (2nd antigenfc variant) trypanosomes. 

Agglutinins or lysins were not observed in the sera of infected rats, there-· 

by ru11ng out' 1ysis or agglutination as a possible mechanism of immunopotén-
, 

tiation during concomitant infections of 1. spiralis and T. ~éwisi. 

The study o~ the kinetics of, immunopotentiation-and immunosup­

pr~ssion in chapter V demon'strates the transient nature of these phenomena 

in the rat host, and indicates that fhey are a funct10n of-the nematode .. ' 

dose or 1evel of muscle parasi.tism, a relationship that has not been pre-
, < 

viously reported in the literature. In addition, these altered states of 
; . ; \ 

immunological' responsjveness appear to be related to the timing of antigenic 
l, '" ; , 

stimulation by particular developmental stages of the 'parasite's life cycle 
~ , 

in the hosto The trans;ent' nature' of )mmunopotentiation and immunosuppres-. 
sion in Trichinellosis has been reported prev;ously in the mouse model 

, ' 

(Cyp~ss et ~.197311974; Lubiniecki et!l. 1974; LubÛliecki and Cypess 

1975; Vernes et !l~ 1975; reviewed in chapter II) and Fauber~ (1976) has 
, . 

inrlicated that depressed immunologica1 responsiveness to SRBC is correlated 
r-, 

, ,\ 
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with the' peak migra'tion' of the newborn larval stage of T. spiralis ta the 

muscle tissues of the hosto 

Previous studies on immunopotentiation in Trichinellosis have 
~ 

" not investigated nor implicated a role for specifie Qevelopmentat stages 
, ' , / ' 

of the parasite's llfe cycle or parasite antigens 1n the induction of this 
{ 

phenomenon. The experimental ~esults presènted in chapter VII ?f this thesis 

indicate for the first time, 'that immunopotentiation can be induced by the 

intravenous inoculation ~f~iving'newborn larvaes wh1ch produces only ~ 

parenteral infection in the ho~t. The intravenous injection of non-viable 

newborn larvae does not sign,ificantly_alter trypanosome parasitemias, indi-
• l '.' 

cating a requirement of either living migratory or encysted intracellular 
\ . . 

muscle stages for immunopotentiation to occ~r. Drug-abbreviated enteral 

infections, expo~ing -the h~st to only the molting muscle larvae and sexually 
\ 

mature adults, are not sufficient to induce immunoPotentiation; a'result 

which suggests that l arvipos.ition may al 50 be requi red for 'a stimul ation 

of the ~ost response ta T. lewisi. This may be especially true in view of 
\ - \) 

1 

the fact that immunopotentiation was shown to occur in rats chal1enged with 
- , 

" T: lewisi at 7 days after the nematode infection, during the peak period 

of larviposition ih the host (chapter V). 
, ' 

Recent researc~ by Faubert (1976) and Ackerman and Faubert (1977) 

has indicated that the newborn l arva1 stage of T>.. spiral is can' function 
, 1 \ 

in vitro and in vivo ta suppress the induction of a humoral response to - \ --, \ 

the heterologous antigen, SRBC, and that this may occur by the active se- \ 
1 

cretion of an i~unosuppressive factor by the parasi~e. The ability of an 

intravenous injection of living newborn larvae to pro duce bot~ irnmunosuppres- , 

sion in the mouse and immunopoteRtiatibn in the rat appears som~what para~ 
~ 

doxical. However, an important difference between the study presented in 
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chapter VII,and the study of' Acke~man and Faubert (1977), resides in the 
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time period between the inoculation of'the newbotn larvae and the challenge 

with heteroloQous antigen or parasite. Ackerman and Faubert challenged 

mice with SRBC onlY 1 four days after injection of the parasite, whereas 

in the present study, 21 days 'were allowed for the newborn larvae to com-
,r 

plete their migration and to encyst intracel1ular1y in the muscle cells, 

before rats were challenged with trypanosomes. In terms of the natural 
. f' .r: \ course of the nematode ln ect10n, the .onmer case corresponds to approxi-- . 

\) 

mately 14 day~ after inf~ction (period of maximum immunosuppression (Faubert 

1976; experiment VII, chapter V», whereas the latter case corresponds to 
- ' . ' ~ 

approximately 28 days after the helminthic infection (a period of maximum 
, 1 

immunopotentiation tolwards T. lewisi (chapter-V-VII». Therefore, if the 
l ,--

newborn larvae of T. spira1is are capable of secreting immunosuppressi~e 

f~ctors du ring mi gration to muscl e tissues {Faubert 1976}, then i t wou1 d 

appear from the resu1 ts of the present study, that these factors cease to 

be produced, or are no longer secreted once larva1 deve10pment progresses 

to the intracellular stage of the infection. These results, however, will 

require furtner clarification. 
# = 

The isolation, purification, and identificati,on of the potent 

;mmunosuppressjve ,factors secreted by the newborn 1arvae and present in 

soluble extracts of T. spiralis encyste,d muscle ~tage larvae (Barriga 1975; 

Faubert anQ Tanner 1974, 1975; Experiment II, chapter VII) should aid in 

our understanding,of why infections with this nematode are capable of both 

a suppression of specifie cellular an~ humoral immune responsiveness, as 
- . , 

we1l as à potentiation of non-specific' cell-~ediated immunity to heterQlo­

gous antigens, organisms, and neoplastic cells. 

An important but unresolved question in this dissertation regards 
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, " 

the mechanism of immunopotentiation towards T. lewisi. It was suggested 
, 1 

, . 
in chapter V that immunopotentiation in this model might be due to an 

, \, , 

expanded fixed-macrophage phagQcytic system in the RES, resu1ting in 
, 

enhanced removal of trypanosomes from the blood stream'of the rat. The 

func,tional status of the RES was assessed during Trichinellosis ,in order 
l " 

to evaluate this possibility, and a conVincing correlation,was shown to 

exist betwee,n enhanced RES 9ranu~ope_ctic ,ac;tivity (as 're:lect~d by the 

, intravascular clearance of colloidal carbo~) ,and immunopotentiation, both 

of'which occurred primarily with a low inocu1ating dose of 100 larvaé at 

7 and 2B,days after the nematode i~fection, but not with a higber inocu­

lating dose of 1500 larv~e (Table 5.2, chapter V). Other workers have de­

scribed 'a 1ack of correlation between enhanced RES activity and increased 
" 1 

resistance ta intracellular parasitism) and'definitive evidence for a role 

f~r the RES in controlling infections with this parasite has not been pre­

sented in th~ past (see cnapter II for review). The results presented in 

this thesis, however, lead this author to believe that an appropriate stimu­

lati~n. of RES activity and/or non-specific cell-media'"b;;d,immunity may resu1t 
" 

in ,enhanced resistance to T. lewisi. This may be especially true in view of 
, 

the fact that intravenous immunization with BCG ~chapter VIII) and' a number 

of other diverse agents k~own to non-specifically stimulate RES activity 
, '. 

and cel1-mediated irnmunity have a1so beén shawn to inhibit the deve}opment 

of T. lewisi parasitemias, whi1e the acquired humoral response of the rat 
, 

remained unaffected (StYles 1;965, 1970; Tate 1951). 

The similariti~s between the effects 'of 1. spiral is infections­

(chapters V-VII) and BCG immuni-zation (cha"pter VIII) in the present study 

and that of bacterial endotaxin or the taxin' ho1othurin (Styles 1965. 1970) 

on the response of the rat ta T. 1ewisi, suggests that a comman mechanism 

, 1 
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of resistance ~derlies immunostijUlation by all these different biO~ogica1 

agents. 

A comman feature of the immuno10gical response to most intra-
1 

cellular parasites is the non-specific enhancement of anti-microbial ac-

tivity of host macrophages (Mackaness 1964, 1976; Frenkel 1967). The role 

of the 'activated macrophage in this type of non-specifie ce11-mediated 

immunity has been investigated in great detail and it has been c1early 

established that acquired cellular resistance requires a two-step process 

in which immune T-ce11s, in the presence of specifie antigens, ean e1abor-

jate humoral factors (lymphokines) that activate macrophages. A consequence 
/ 

of these specifie interactions, is that specifièally activated macrophages 
1 

are non-specifica11y active against a wide'array of intracellular and 

probably extracel1u1ar parasites and neoplastic cells(Maekaness J969}. 
\ 

Hos ts in whi ch a popu1 a tion of these acti va ted macrophages, exi sts become . 
/ 

capable of suppressing infections by heterologous organisms and the deve1op-

ment of spontaneous or experimental neoplasms. 
' ..... 
. An important factor that is evident in the studies reviewed in 

• 
ch~pter IV, is that infectious agents that produc~ sustained and chronic 

tissue phases of infection can confer the most pronounced degree of non­

specific,immunity to'heterologous ch~llenge organisms (Ruskin ,et!L. 1969). 
< 

Iriehinella spira1is may fulfil this requirement sinee; it has been s'hown 

ta pro duce a sustained and chronic intracel1ular inf~ction in host muscle 
• Co-

cells (see chapter II). The. newborn larvae of' T. sl?iralis are capabl'e of. -", 
penetrating and infecting stri'a~ed ske1eta1 muscle cells of most species 

(Gould 1970). After penetration by the 1arvae, the infected muscle cells 

modulate to become functiona11y distinct units which are termed Nurse 
\ ' 

ce11s(Purkerson and Despommier 1974)1 and the larvae of 1. spiralis survive ~ 
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in the Nurse cells as chronic intraeellular parasites (Ribas-Mujal and 

Rjvera-pomar 1968; Despommier 1976). The intraee11ular persistence of 
v 

1. spiralis may produce a long-lived antigenic stimulation of host lym­

phoid cells and activated macrophages. The continuou~ presence of a popu-
, 

lation of these activated ce1ls during Trichinellosis might aecount for 

the remarkable non-specifie resistanee of nematode-infe,ted hosts to 

a wide}variety of intracellu1ar and extraeellular invaders (such as 

L isteria monocytogenes and 1. lewisi respective1yt and ta the development 

of spontaneous or experimental neoplasms. 

Although this dissertation has not provided direct evidence 

for the rol e of the acti vated macrophage "as the effector cell in immuno­

potentiation towards 1. lewisi, it is the considered opinion of this author 

that further research will serve ta clarify the importance of this cell 

type in immunopotentiation during Trichinellosis. 
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