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Abstract

THE CLINICAL AND IMMUNOLOGICAL CHANGILS
INDUCED IN MAN BY SCHISTOSOMIASIS

by
Samir Mohamed Kabil

This study commenced with an investigation of the role immunological
changes have in the production of the anaemia of schistosomiasis and
of the role that complement-mediated mechanisms play i the production
of that anacmia, The investigation of thesec mechanisms necessitated
infecting mice experimentally with Schistosoma mansoni. The anaemia
which developed In these animals was found to be mainly normoct:romie,
progressive and of a haemciytic nature. A technique for the measurament
of complement in the sera of the mice was developed usirg radicactive
meatorials and employing an immuno-haemolytic mechanism. Anacmia
was found to be significantly more related to a fall in complement rather
than to splenomegaly. The importance of complement inthe production
of anucmia led to the Investigation of its importance inother pathologicid
processes involving membranes upon which complement could be deposited,
Fluorescent technlques were uscd for this part of the work.Nephropathy

caused by complement deposits in the renal glomeruli was particularly
{nvestigated.

In view of the evidence existing stat. a similar mechanism might be
involved in trypanosomiasis, however, the study was extended to this
infection, A study of complement in human infection with schistosomiasis
was ulso carried out and in this study the complement was measured by
a ruedlal immuno-diffusion test, A strong positive rclationship betiweca
haernoglobin and comnlement was found in infected paticnts but not in
thoso with schistosomiasis but without anaemia, nor was complement
tound to be reduced in a seriles of controls. Treatment with Hycunthone
1n ma was found to be followed six weeks later by a fall in the complement
Javal ip the serem and ia the serum content of immunoglobulin M ( Iz M),
Fule part of the work led to the deduction that there 1s an associaiion

Letween complement and immunoglobulin M in  attacking schisiosoma
wormas,

A further discase in which a complement-mediatecd mechunisim was
thoet to be possible {s sprue in which damage to the intestinal mucosa
locding w nudabsorption could be complement mediated. Some patienis
with «prue were therefore investigated. Similaritles were deiected, in
sa {1v complement-mediated inimune processess are concerned beiween
padvieats vwith spruc and those with schistosomlasis,
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CHAPTEXR 1

INTRODUCTION

The prime question to which an answer was sovght by thic study wazas
whether complement mediated mechonisin plays an important part in the
genesis of anacmia In schistosomiasis.
Previoug studies have shown that during sclhistosomal infection,

anaemia with a haemolytic component develops. This has been explained

by an immunological mechanism whereby complement bindirg to the

red cell membrane sibsequently damages it with loas of the cell

contents ( Woodruff, 1973 ). Many other mechanisms have also been
implicated in the production of anaomia observed In schistosomiasls.

These mechanisma include chronic blood loss; hypcrsplenism;

kaemodilution; schistosomal toxins and haemolysis. The relative

importance of the complement dcpendent mochunism in comparison
with other mechanisms nced furthcr appraisal and tids was aiteinpled
in the study here reported.
There 18 evidence that the samec ecomplemcnt mediated mechunism
is of widospread applicability and {8 responsible frr krirging about
some other tropical anacmnins 28 those assoclated with kala-azar

( Woodruff ot al,1972 ); trypanosomiasic ( Woedrnff, 1973 ) and

malaria ( Woodrulf et i1, 1979 ), It was 2lso suspectud thot
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processes involving complement might procced on membrane other
than that of the red cell and cvidence of this had becn found in the
kidneys of animals infected with schistosomiasis ( Mahmoud et al,
1972 ).
The antigencity and the cosmopolitan distribution of schistosomiasis

render the problem one of great importance. Over 600 million people

in 71 countries are thought to be exposcd to the infection and over

200 million are infected ( WHO, 1975 ).

In Egypt alone, :ore than
14 million of the 32 million inhabitants ( 1947 ) were lmown to b2
suffering from schistosomiasis ( WHO, 1965 & Farcoq et al, 1967 ).
This prevalent conditlon has been calculatod to be responsikle for
an annual economic loss of about $ 560 million ( Farcoq et al, 1867 ),
The situation in Egypt could well be apglicable to nther developing
countries where schistosomniasis is known to be endemic and
increasing in prevalence as in Sudan ( Omer et al, 1476 ) ; Irag
( Baquir, 1977 ) and East-Afrl;:.a ( WHO, 1978 ).
The importance of these hecalth and economic problems increases
the nced for the perthogenesls cf zehisicscmlasls to be better understood.
This particularly nccessary in view of the altomps being madoe to
control schistosomiasis ( WITO, 1975 ).
The purpose of the prcsent work, therefore, is to try to find the

answers to the following questiions :




(1) What type of anaemia develops in mice infected wilh Schistosoma
mansoni ?  An answer to this was sought by examining the HD ;
PCV ; MCHC and blood films.

What velationship , If any , exists between such anasmia and
scrurm complement in the same infected mice T An answer
was sought by using a radioactive immuno-hasmolytic technique
to measurc complement.

( {11 ) What other complement mediated pathology is present ? To
answer this, kidneys and livers of infccted mice were examined
by mecans of immunofluorescent assay.

( iv ) What differenco exists between the results obtained from the
above procedurcs in mice and those of others infected with

Trypanosoma_rhodesiensec.

In man :

(1) What are the complement levels in schistosomiasis ? This

was studied in a group of Egyptian pationts and was related
to tha degrce of anaemia present.
What is the effect of treatment of schistosomlasis on the
complement levels ? This was studled in another group of
Sudanese patients,

(111 ) 1s it possible that the absorptive defects in tropicsl sprue

could result from complcmcnt medialcd damage to the small




intestine ? To study this, complem:nt levels in patients with
tropical sprue were compared with those of paticnts wilh
schistosomiasis.
The method employed to measure complement in all groupa was

a radial immunodiffusion test.




CHAPTER 2

REVIEW OF LITERATURE

In this review evidence for the importance of anwemija as a public

heualth problem will first be examined. This will be followed by cvidence

of current concepts concerning the causation of some cornmon snaemias,

parficularly those related to schistosomiasis. The need for Iurther
study of these fields of knowledge becomes apparent from tiwe literature.
Anacmia of significant degree is widesprcad throughout the tropical

and sub-iropical world and constitutes a considerable world hezlth

problem ( Woodruff, 1973 & Omer et al, 1976 & Abaza et al, 1978

and Greevham, 1978 ). These and other surveys have shown that
schistosomiasis often play an important astiological rcie in the
development of tropical anaemias,
Schistosomiasis, although it is an anclent illness having been decp

rooted in hiswry for rmore than 3000 years ( Ruffer, 1910 ), at present is

oxtending ( Jordan ot al, 1972 & Warren, 1973 ) and creating s3¢ill

groater problems than it did in the past. It is known to be endemic in
72 countiics and islands having a total population of 1,348 million
( Wriohi, 1976 ) und it could bo Imported to othexr countries such as
Britain ( Woodruff, 19564 ).
Schistosomiasis is Increasingly prevalent in association with

gricultural developraent schemes and artificial wator ilmpoundments




such as man made lakes ( WHO, 1975 ). These new irrigation projects
that have being rapidly expanding in many couatrics coastilute a
considerable hazard especially to the rural population in the regions
involved ( WHO, 1978 ).
In Egypt, in addition to the effect of Aswan ligh Dam ( Deschiens,

1972 ) other factors are contributing to and for increase prcvalcnee

of schistosomiuasis., These include swimming ( Farooq et o, 1966 );

religious and social habits ( Farooq & Mailoh, 1956 ) and the vast
rate of the population growth added to the inefficient and inadequate
health education and control programmes ( Farcog, 1969 ).
These socioeconomic effects were reckoned to cause more than

$ 560 annuat loss ( Farcoq et al, 1967 ) probably as the procuctivity

of infected persons fall by 25 to 50 pereent ( Sulton, 1976 ). Mcavwvhile,
the annual cost of protection per person in endemic areas ranges

between $ 0.4 to 12 ( WHO, 1973 ). However, there is no doubt that

these losses are now greater than these estimates and over the very
long existence of schistosomiasis ths total loss wmust amount to a
consldoralile aggregate.
Since the beginning of this century; particularly in the last decades,
there has been intensive research into the various aspects of schistosomiasis

almed at its evontual control. Howevor, gaps exist and are widening

between research workers and those who actually faced with the task

of fighting schistosomiasis in the field ( WHO, 1967 ). The efforts of

the goverments and WHO to improve the situation ( De Maar, 1979 ) and




the congiderable advances which have been made since 1965 in the

techniques and materials available for schistosomiasis control ( WHO,

1973 ) did not, however, solve the problem. These efforts indicated

that the currcent public health measures are inadcquate to prevent the

spread of schisiosomiasis ( Philips ot al, 1978 ). Moreover, the lack
of rellable data on its prevalence and geographical distribution ; inadcquate
diagnostic capabilitics and unknown aspects of relation between host,
agent and environment remained as overburden obstacles ( WHO, 1978 ),

These prospects add to the importance of control by immuno-prophylaxis

programs achieved through better understanding of the pathological

mechanisms schistosomiasis brings about. Accordingly, the present

study is devoted to assessment of these mechanismms, particularly

those associated with anaemia, splenomegaly and nephropathy.

For long it was difficult to know whethor man had become adapted

to live with schistosomiasis or not. There is, however, now much

evidence that it causecs a serious and frequently fatal illnees. Close
association betwcen infection with S.hnema‘cbiumn and cancer of the

urinary bladder in endemic areas has been empbasized by El-Halawani

et al ( 1970 ). Death from schistosomal polypocis is not uncommon

( Abaza et al, 1978 ), Complete rclief of symptoms in patients with
hopatic fibrosis and ascites one month after a docongestion operation
was reported ( Badawl et al, 1976 ), howevcr, hepatosplenomegaly with

ascites i{s a common and grave conscguence of schistosomiasis ( Fig. 1 ).




38 years old Egyptian female infected with S, manscni in

terminal stage with hepatosplenomegaly, huge ascites and anaemia
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terminal stoge with hopatosplenomegaly, huge ascites and anaemia
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Iven 45 years ago, anaemia of schistosomal origin was descrihed

as " the insidious epemy ol the youth " ( Girges, 1924 ). Schistosomiasis

has been implicated as a cause of anacmia in almost cvery couniry

in which it is known to bec endemic. These include Egypt ( Day, 1911 ) ;

Tanganyika ( Bahr, 1929 ) ; Japan ( Ozawa, 1931 ) ; Sudan ( Archibald,

1933 ) ; Puerto Rico ( Redriguez, 1936 ) ; Iraq ( Ja)ili et al, 1952 ) ;

Drazil ( Pessoa et al, 1955 ) ; Uganda ( Nelson, 1958 ) ; Rhodesia
( Frii-Hansen, 1961 ) and many other places.
Dospite these records and the intensive research In schisloscemb:sis,
and although the pioneering observation on the blood changes in il was
made as early as the beginning of this century ( Coles, 1902 ), tne

mechanism whereby the schistosomal anaemia occurs is sti!l uncectain,

Hacmolytic and dyshacmopoietic mechanisms bave beoen suggesicd. The
destrucHon rats of the red cells iu schistosomiasis has been suzgestad
to be three times the normal, while the production rate is decrcased
( Jamra et al, 1964 ). The bone marrow has been described as being

either normal or hyperplastic but incapable of compcnsating for the

increase in the destruction of the red cells ( Sabour et al, 19G7 ). It
has, however, also been found that in schistosomiasis there is a marked
hasmolytic factor and that anaemia is not prelimenary dyshaoraopolatic
( Woodruff ot al, 1966 & Mahmoud et al, 1972 & Woodruff, 1973 und
Suad, 1978 ).

Anaomia In pure human schistosomiesis has been described as being

normocyile or micre cye ic hypochromic aiid never macrocytic




( Salah, 1935 and Aweny, 1962 ). Other workershave suggested that

in mice infected with S.manson! the anacmia is hypochxoimmic ( Mahmoud,

1971 and Suad, 1978). It has also bcen suggested that in potients

with schistosominsis about 40 % have normocytic anacmia and 60 %
have microcytic anaemia bat a single case of maerccylic anaemia

was never found ( El-Decwi et al, 1957 ). Some forms of macrocylosis,

however, were found by other workers ( Pesignan ct a1, 1951 and
Pcssgoa et al, 1952 ).
In the light of these miany reports, thc causation of anaemla in
schistosomiasis must be regarded as deoscrving of further study.
Vacious working hypctheses for its causalion, thercfore, have becn
examined.,

1, Chronic blood loss :

Since Day ( 1911 ) described the schistosomeal anaemila as being
gecondary to blood loss, other workers have also found that blood loss
may be in part responsible fox: it ( Azmy et al, 134 & Mahmood, 1965
and Furid et al, 1966 ; 1967 and 1968 ). It has however also been
found that such blood loss ns occurs in patlents Infected with S.mancen?

is ircvegular and small, thoreby providing neither a handleap to

haernopolesis nor an avenue for significant loss of nutrients and
metabolites ( Walker et al, 1954 ). It has also been shown that theve

{s chortening of the red ccll life span in patients infected with

achistosomlasis who were nol losivg appreciable aniounts of blood




( Woodruff et al, 1966 ). Worecover, anacmia developed readily in
mice infected with irradiated cercariae of S.mansoni ( Mahmoud et al,

1972 ). In such animais, no liver fibrosis develops and there is no

biood loss for eggs which bring about both these pathological states

are absent. Tarid ct al,( 1967 ) stated that blood loss in patients
with chronic schistosomiasis mansoni is walikely to be much OR TO
lead to overt anacmia. Meanwhile, severe anaemia was only observed

in patients suffering from urinary schistosomiasis with obvious haematuria

and combined S.mansoni and Arcylostoina duodenale infectlons ( Farild et al,

1968 ).
It thus seems that except in cases in which there is recurrent bleeding
from multiple intcstinal polypi or oesophageal vurices or severe haematuria,
the evidence dose not support blood loss as being the main mechanism
for pure schistosomal anaemia.

2ls Splenomegalv _and associated seguclag :

Gross splenomegaly may produce anacmla through :
Pooling of erythrocytes in the enlarged spleen causing rclativo
dilution of the circulating peripheral blood ( Reimaian et al, 1960 ).
The assoclated hypervolacmia ; hucmodtilution and incrcased plasina
volume may result in o form of dilution anuomia ( Saif el al, 1966 &
Farid et al, 1966 and Sahoure ot 21, 1967 ).
Sequestration of the red cells and other blood elements trapped in

the big spleen ( Woodruff et al, 19¢C ).




The increase in the splenic size itself could cause haciolysis

( Holzbach et al, 1944)) and pancytopacnia( Motulsky et ai, 1958 ),
The slowing of the blood flow in the big spleen is onother factor
that might assist red cell haemolysis ( Farid et a1, 1966 ).
In support of these preposals, it has been reported that anaemia

and leucopacnia of gchistosomiasiy are ameliorated Ly splenectomy

( Kenawy et al, 1958 ).

Such improvment, however, may ouly be

temporary., Thus, in a patient with anaemia osnd splenomegaly there

has been some improvement of anaemia two months after splenectomy,

but two years later, the haemoglobin and the PCV values were 9.5 gm/dl

and 32 % respectively ( Richmond et al, 1967 ). In similar conditions,

the incrcase in the plasma volume recurs in the few years subsequent

to splenectomy ( The Lancet, 1972 ). Anacmia has also been observed

in splencetemiscd animals infected swith S.mansoni ( Mahmoud et al, 1972).
Mechanisms such as chronic blood loss and splenomegaly, though
they may not be the only caused or the major causes of anuaemia in

schistosomiasis, could aggravate it once it has occurred.

3. Schistogsomal toxins :
It has been suggested that blood loss and toxaemla in the early
stages of schistosomiasis of all three humarn species can cause
hypochromic anaemia particularly in children ( Foy et al, 1963 ).

Schistosome toxins might also inhibit the bone marrow leading to

diminished red cell production in mice infected with S,mangonf



( Nasser et al, 1967 ). If such toxins are present they would be
expected to attack the parenchymal cells of the liver and thus bring
about derangement of liver functions sufficient to be detected by
standard tests. This would particularly be expected if the hepatosplenic
syndrome was present, In fact, it has been observed that mice infected
with S, mansoni are able to digest and absorb dietary fats almost as
uninfected ones ( DeWitt, 1957 ). It has also been observed that in
mice infected with S.mansoni albumin levels ; icteric index and cephalin
flocculation tests are not significantly different from those of the contrel
mice ( DeWitt et al, 1959).
4. Immune hacmolysis :

A haemolytic mechanism has been shown to be present in the anaemia
of patients with schistosomiasis ( Woodruff et al, 1966 ) and in mice
experimentally infected with S.mansoni ( Mahmoud et al, 1972 ).

Evidence was put forward that this haemolytic mechanism was initiated

by an immun2 process in whlcl; complement is activated and either with

onc molecule of immunoglobulin M ( IgM ) or two molecules of
immunoglobulin G ( IgG ) was bound to the erythrocyte surlace and

thus led to the cell lysis ( Woodruff, 1973 )., The binding sites cn

the erythrocyte surface are likely either to be adsorbecd antigems produced
by parasitc or irregularitics produced by damage in somo way ( Bruninga,
1971 ). Antigens could be adsorbed from the circulating schistosomal

antigens that have been deiccted by many workers ( Borrgren et al, 18C7 &




Smithers et al, 1873 & Nash et a1, 1974 and Medwar et al, 1975 ).
The mathematic:d analysis of the immune haemolytic process has
been reported several times since von Krough ( 1916 ) first described it.
Such analysis includes different cquations made to represent the average
number of damaged sites per cell in proporiion to the number of the

lvsed cells. Thus, Borsos et al, ( 1961 ) postulated that one moiecule

of compiement is reacted sequentially to oue site on the cell to cause

baemolysis. Kolb et al ( 1974 ) suggested that up to 6 molecules of

complement 9 ( C9 ) fixed to one site on the cell surface are required

for the haemolysis. Recently, Kitamura et al ( 1976 ) suggested that

such hzemolysis could be acheived with only 2 molecules of ( C8 ).
Looking at the differences between and the applicability of thesec
hypotheses it seems that the nced for clinical evidence for the

complement mediated mechanism is rather more important than the

study of the mathcmatical and the immunochemical aspects of such
mechanism.
Although hesmolytic complement was first reported in the Jast
century ( Bordet, 1398 ), it was only aftor the initial demonstration
of its importance as a causc of haemolysis In parasitic infections

Many workers

( Woodruff et al, 1972 ) that it attracted attention,

have now found complement responsible for erythrocyte haemolysis

( Ruddy et at, 1972; Eisen et al, 1973; Lint et al, 1976, Santoro et al,

1979 ). It has bLeen shown that complemont may contribute to (IgG)



and (IgM ) mcdiated ccll destruction ( ¥rank et al, 1977 ). With

( IgG ) or ( IgM ) or many cold antibodics severe haemolytic anaemia

can occur either by direct complement mediated intravascular lysis

or by ( C3 ) fixation leading to recd ccll sequesiration ( Hoffbrand et al,

1975 ). The lysis of erythrocytes by complement in the abscence of

antibodies was also suggested by Gb6tze et al ( 1970 ).

The observation that ( C3 ) conted red cells are taken up by the

reticuloendothelial system particulayly in the liver ( Brown et al, 1970 )

is probably consistent with the decrcase in serum complement observed

in patients with urinary schistosomiasis, salmoncllosis and massive

proteinuria ( Farid et al, 1972 ); trypanosomiasis ( Assoku et al, 1977 )

and in some renal diseases ( Williams et al, 1972 ) and In rats infected

with T.lewisi ( Jarvinen et al, 1976 ). It would appear, therefore, that

complement fixation in vivo is commonly expressed by depression of its

serum levels, By contrast, serum complement ( C3 ) was reported to be

{iccreased in patients with liver: hydatid disease probably as an immune

response In which comnplement consumption appears to be overcompensated

by a fecd-back like mechanism ( Seitanidis et al, 1976 ).

Thie fall In ( C3 ) observed in schistosomiasis and salmorellosis ( Farid

et al, 1972 ) may result from the immune haemolysis suggested by

Woodruff ( 1973 ) in which complement 1s consumed. Complement

may alse Le involved In immunological processes on membranes other

than that of the red cclls and thus partially removed from the serum.




Hlereby, in inice infected with S.mansoni complement ( C3 ) deposits
were demonsirated in the kidneys ( Mahmoud et al, 1875 and Natali ct al,

1976 ). Morcover, ( C3 ) has also been dctected on the tegument of

S. mansoni cercariac { Machado ¢t al, 1975 ) ; schistosomula ( Sher,
1976 ) and the adult feimnaoles with some of its eggs ( Kabil, 1976 ).
Host antigens were 2lso found on the tegument of S.munsoni worms
( Goldring et al, 1977 ). It would appear, therefore, that an
immunological process in which complemeut is actively involved is

present on the schistosomes tegumenis. This is in egreement with

the strong suggestion made by Tavares et al ( 1978 ) that the complement
system is one of the effector mechanisms in concomitant immunity
in schistosomiasis.
Complement ( C3 ) deposits have also been demonstrated in the
kidneys of patients with the ioin puin and hacmaturia syndromne
( Naish et al, 1975 ) . It has also been shown that paticnts with
schistosomiasis mansoni developed glomerular Jesions of immunological
origin ( Da Silva et al, 1970 and Rocha ot al, 1976 ).
The activity of complement on the erythrocyte surface ( Suad et al,
1976 ) and on the glomerular membrane ( Mahmoud et ai, 1975 )
suggest that the important aspects of theso multifacetcd processes
concerns the function of serum complement in mcdiating damage
to colls and tissucs. The wider picture of the complement dependeont

lysis, therefore, may Include damoge to the kidney and probably the



liver, hence the importance to examine both together with the anaemia.

Taken together these studies suggest that anaemia in schistosomiasis

is the result of the interplay of several mechanisms ic which the immunc

haemolytic mecchanism plays an Imporinnt part.

Similar immune hacmolytic mechanism could alse be respousible

for the anaemia of African.trypanosomiasis ( Woodruff, 1973 aund

Woodruff et al, 1973 ). In both schistosomiasis and trypanosomiasis

Thus, it was

the causative parasite does not invade the red cell.

considered possible that they might share some of the mechanisms

whereby anacmia is brought about., Some aspects of trypanozomiasis,

therefore, were investigated along with schistosoiniasis.

Ancther tropical illness in which the complement is probably

mediating dainage to cells and tissuses is sprue. The association

between malabsorption syndrome in patients with immunoglobulin

doficiency 1s now well established ( Brown et al, 1972 ). However,

.

the pathcgeunesis of sprue is poorly understood, and many of its

clinical and immunological featurcs are incompletely characterized.

It was thought, therefore, that probably as in schistosomiasis

sorum comvplement may be involved In the genesis of some of

these fealurcs, 7Thus, the comparison between serum complement

levels in both schistosomiasis and sprue might yicld useful informaticon

aboul the actiology of sprue.

From this revicw, it is concluded that the study of the relationship




between serum compicment sctivitios and some of the clinical and

{mmunological aspects of schistosomiasis is of a prime signilicance

for better understanding of the genesis of such aspects thus add to

the importance of schistosomiasis control.




EXPERIMENTAL SCHISTOSOMIASIS

AND HAEMATOLOGICAL METHODS




CHAPTIER 1

PARASITOLOGICAL METHODS

The susceptibility and suitability of common laboratory animals as

experimental host of S.mansoal enable several aspects of schistosomiasis

to be thoroughly investigated. In this work the main object is to study a

possible relationship between complement and both anaemia and renal lesions

in schistosomiasis and to compare schistosomiasic with trypanosomiasis as

For these purposes

far as complement induced pathology is concerned.

mony laboratory animals were necded.

In mice after ten weeks of exposure to 130 cercariae of Puerto-iticon

a syndrome similar to human hepato-

strain of S.mansoni thereo develops

splenomegaly ; portal hypertension and anacmia( Warren et al, 1958 ). It

was later suggested that these pathological featurcs developed in mice with

a worm load of only 1 or 2 pairs per mouse { Andrade ct al, 1964 ). Mice

could also casily be infected with human species of trypanosomes ; they survive

a reasonable period of time ; are cheap ; easy to handle and can be kept under

constant laboratory observation. Moreover, the presence of the claasical

components of complement in the mice sera was demonstrated by Dorsos et al,

( 1961 ). This was further confirmed and extended by Rosenberg et al,

( 1962 ) who emphasized that factors other than a lack of components of

complement may cxplain the previous failure of sora from scveral

strains of mice to lyse sensitized erythrocytes as reported by Brown




( 1943 ). Gencetic differcnces between different sirains of mice rather

than lack of complement were thought to be among the faclors

responsible for this faflure ( Rosenberg et al, 1962 ). Meanwhile,
other workers found that within each strzin of mice, serum from

males ccntains more hacmolytic complement than serum from

fecmales ( Terry et al, 1964 ). In view of these studies, an inbred

strain of male mice was used for all the work here described and

was found to be suitable for the purpose.

Laboratorv _cvcling of schistosomes

This cycling was performed by the passage of schistosomes in
inbred Swiss albino Tisilius original strain of mice and Biomphalaria

glabratus snalls,

1, Exiraction of eggs used for infection of snails:

To delay miracidial hatching exposure of eggs to direct light was
avoided. Eggs were extracted ‘from the livers of infected mice by

macerating the tissues, and sleving it in "No. 60 mesh - 250 microns",
The tissuc was then washed in physiological saline and this wus

followed by sedicentation for 20 minutes. This washing and sedi-

mentation was repeated three times till the supcrnatant was clear;

the final wash was in distilled water at 4-5°C. Faeces of infected
mice were triturated in saline and sieved in 'No. 30 mesh - 500

microns. The filtered deposit was washed and scdimented as before.
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In a lighted incubator at 29-30°C hatching was then carried out in
petri-dishes containing disiilled water.

2, Infection of snails:

Within one hour of hatching, 6 miracidia were picked up from
the petri-dishes. A micropipette was used under a dissecling
microscope. It was introduced with the snails into chambers of
haemagglutination plates containing 1-1.5 ml distilled water per
snail ''Biomphalaria glabratus. 4-5 mm maximum diameter'. The
plates were covered with sheets of glass and maintained at 27 —29°C
for a minimum of 5 hours. The snails were then transferred into
clean glass tanks '"of 4-7 litres capacity; approximately 10 snails
per litre', containing sterilized silver sand, clean aquatic plants
e.g. Vallesneria spiralis or Elodea canadensis and conditioned
" copper, calcium and diorine ion free water ' of pH higher than
7. For 24 hours per day these tanks were thermostatically con-
trolled at " 26-28°C L5 aorated by Hy-Flo pumps and illuminated
by warm-white fluorescent tubes. The latter were equipped with a
time switch control,

Sn alls were left for 4-5 weeks as a prepatent period during
which their feeding was maintained by special alginated diet.

3. Sheddinz of cercariac:

Snails were placed in benkers with a small volume of distilled

water and exposed to strong illumination at less than 27°C for at



lecast 2 hours to cniance and help cercariae to emerge.

Estimation of number of cercarize:

4.

At the end of the exposure period, the cercarial suspension
was carefully agitated and 3 aliquot samples 0.5 ml cach were
taken on glass slides; the cercariae killed and stained with Lugol's

The mean of

iodine and countcd using a dissecting rmiicroscope.

the 3 counts was used for evaluation of the number of cercariae

present in the total volume of the suspension. The methods used

in steps 1 to 4 are described in detail by Webbe et al ( 1971 ).

Infection of mice:

5.

Three groups each consisting of 30 inbred white males of the
Swiss albino TO strain of mice " average 5 wecks old, 18-22 gm
in weight " were infected respectively with 50, 100 and 150
cercariae per mouse of the Wellcome Puerto-Rican strain of
S.mansoni using the ring method described by Smithers et al
( 1965 ).

The mice were anaesthetised by veterinary Nembutal "Abbot

Laboratorizs, 60 mg/ ",  One part of Nembutal was diluted

with 10 parts of 10% ethanol in distilled water und Injecied into

the mice intraperitoneally in doses of 0.2 ml per mouse. The

fur was clipped from the lower abdomen and the mouse was placed

on its baci:i between wooden strips fixed to a baschcard. The

abdomen was molstened with water and a nickel-plated bruss ring




" 1.3 cm inside diameter, 12 gm in weight and holding aboul 1.2

ml of water " was placed in position. The cercarial suspension

was gently stirred and a volume containing the required number of

cercariae was then pipetted into the »ing., After an interval of
about 10 minutes the ring was removed and the mousz wad permitted
to recover. Mice usunlly did so within one hour.

6. Maintenance and feeding of animals:

The infected and coatrol mice were houscd in isolated cages

and fed a conventional pellet diet ( R.G.P. 86 E Dixons & Sons

"Ware" Limitcd ) and water ad libitum, Throughout the course of

the experiment mice cages were examined periodically to detect

any dead animals.




CHAPTER 2

BASIC HAFMATOLOGICAL TECHNIQUES

i. Collection of blood:

After an incubation pericd of 7 weeks, 2 mice from each group,
together with an equivalent number of controls, were collected
randomly firom the cages at weekly intervals. The weight of each
mouse was measured, Tho mice were then either anaesthetised by
ether inhalation or killed directly by cervical prossure and avulsion.
The mouse was immediately placed on its back and fixed to a
dissecting plate by metal pins, The thoracic cavity was opened
and blood was collected either by cardiac puncture or by Incising
the caudal artory. Blood was drawn into small plastic tubes., A
small part was taken immediately for haematological examination
and the rest was centrifuged at’' 3000 r.p.m. for a few minutes.

Sera were sealed and stored in dry ice at -30°C for subsequent
examination.,

2. Tissue processing:

At the time the animals were sacrificed, all livers and splecns
were removed and their weights were measured in grams. Livers

were examined for the presence of granulomas and preparatlons of

squashed livers were routinely cxamined at the time of sacrifice to
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make surc that the auniinal had been infected, Some adult worms
were recovered.

Kidney, liver and adult worm samples wcre collected and
dipped in liquid nitrogen, sealed in raetal foil and placed in dry
ice at ( --30°C ) for subseaquent immunofluorescence studics.

3. Estimation of havmoglobin:

The cyanmethacmoglobin ( IIiCN ) method was used to measure
the haemoglobin values as described by Dacic et al ( 1975 ). The
diluent uscd had a pH betweea 7.0-7.4 and contained potassiuin
ferricyanide 200 g, potassium cyanide 5C mg, potassium dihydrogen
phosphate 140 mg, Nonidet P40 1 ml and water to 1 litre. The
reagent was always clear and pale ycllow in colour, When measured
against water as blank in a photoelectric colorimeter at a wave-
length of 540 nm, {he absorbance was zero. Twenty ul of blood
were added to 4 ml of the diluent, The tube containing the solution
was stoppered with a rubber Lung and inverted several times. After
being allowed to stand at room temperature for a sufficient period of
time, usually " 10 minutes ", to ensure the completion of the
reaction, the solution was compared with the standard ( diluent ) and
a reagent blank ( water ) in a photoelectric colorimeter at 540 nm
( A540 ). Haemoglobin values werc calculated as follows:

Hb gm/dl =

A540 of tost samnle .. conc_std (mo/dl) x dilution factor (e.g. 201)
-5

A%0 o standard

1000




Estimation of Packed Cell Volumme ( PCV ):

4,

This was mcasured by a micro method described by Dacic et al

Blood was drawn into microhaematocrit tubes with a

( 1975 ).

(77 mm)ir length, The blood

capillary ( I mm)internal diameter |
was allowed to enter the tube by capillarity, leaving at least 15 mm
unfilled, The tube wos then sealed by heating the dry end of the

tube rapidiy in a fine flaine '"the pilot light of a Bunsen buvcner

combined with rotation. The tubes were placed in a special centri-

fuge at 12,9000 r.p.m. for about 5 minutes, The PCV values were

then measured using a reading device.

5. Blood films:

A small drop of blood was spread on a glass slide and allowed

to dry. The dry film was well covered with Leishman's stain, At
the end of 1 minute, double the quantity of distilled water was

At the end of 7 minutes,

carefully added and mixed with the stain.
the mixture was poured off and the film covered with distilled water

for 2 minutes. The water was then washed off with fresh distilled

water , snd the film gently blotted dry with clean blotting paper.
The films were mounted with cover slips using Canda balsam and

exominod under a microscope.
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PART 3

ANAEMIA AND SPLENOMEGALY IN SCHISTOSOMIASIS
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CHAFTER 1
ANAEMIA IN MICE INFECTED

WITH SCHISTOSOMA MANSONI

The last twenty years or so have witnessed an astonishing increase
in the knowledge of schistosomiasis. Some of this kmowledge, however,
has been extensively contradictory and created innumerablz problems
needing investigations. Thus, it has been svggested that the immunity
in schistosomiasis Is the result of a granulomatous responsc to the
schistome eggs manifested as a form of a delayed hypersensitivity
( Warren et al, 1967 and Warren, 1975 ). By contrast, other workers
suggested that it is a concomitant immunity as schistosomes are
covered by the host proteins, and the eggs are probably not impoxrtant
in stimulating the Immunity ( Smithers et al, 1967 and Smithers, 1972 ).
A third group suggested that hc.terologous immunity is also important
as infection of animals with one species of schistosomes reduce the
expected ezg load in subsequent challenge with another species- ( Nelson
et al, 1963 and Hussein et al, 1970 ).

The present knowledge thut has becn gathered on schistosomiasis has
indicated that the problem of unaemia was insufficliontly tackled and the
hypothescs cited for its causation still need further investigation. This

study , therefore , will Investigate the main mechanisms whereby the

anaemia of schistosomiasis Is brought abeut.




42

During thc course of S.mansoni infection of mice, the Hb; PCV
and MCHC were examined wecklv., Two mice of each group were killed
and fheir blood values were measured according to Dacie et al, ( 1975,) in
(cart 2, p.38-39 ). No attempt was made to measure thec 'absolute"
values which depend on the accuracy of the red cell count. 1In practice,
unless electronic methods of counting are available, the red cell counts
are ledious and inaccurate and seldom necessary ( Bomford ct al, 1978 ).
Most workers, therefore, regard the MCHC as the true measure of the
degree of saturation of the red cell with haecmoglobin, and the mean
corpuscular haemoglobin ( MCH ) as of slight value and the mean
corpuscular volume ( MCV ) as of diminished one ( Hunter et al, 1965
and Bomford et al, 1978 ). Blood films stained with Leishman's stain,
therefore, were examined at 2 weeks intervals to assess cell diamelers,
shapes and colours. All the results were compared with those of the

control series.

The following illustrate the varying degreces of anaemia observed
as the irfection progressed.
1. The first group: "infected with 50 cercariae',
Moderate degree of anaemia was observed at the end of the incubation

period '"Mb 10.5 em/dl & PCV 32.8%" (table 1). Anaemia gradually

increased until the 10th week of infection wien the haemoglobin was




"7.1 em/dl and the PCY 23.6%'", ~This was followed by somc limited
rccovery towards Lhe end of the 19th week ( fig. 2 a and b ),

In 52% of mice the anaecmia was normochromic and in the others
hypochromic, throughout the course of infection. The mean MCHC of

all the infected mice was 30.7% with the standard error ( S.E. ) of 0.64

and range of 9.8. As this indicates, the hypochromic anaemia in the
remeoining 48% was of a slight degree ( fig. 2 ¢ ). Throughout the
experimenrt the Hb; PCV and MCHC values werc normal in the control
mice. As measured by the two sample comparison t-test ( Armitage,
1971 ), significont statistical differences were observed between all the
haematological values of the infected and control mice ( table 1 ).

2. The seccond grour: "infected with 100 cercariae'.

Results almost similar to those of the {irst group were found In

the second group ( table 2 and fig. 3 2 and b ). The t-test showed that
the differences between the hacmatological values of the infected mice of
both groups were not siznificant. Meanwhile, the differences between

" the heemoglobln and the PCV valusa of the infected and contro: mice

were highly significant ( P < 0,001 ), while the differcnce between the
MCIIC values was lees significant ( P< 0,02 ) { tahle 2 ). Of the infected
mice 33% had hypochromic anzemis und the rest normochromiic, Lut in the

infected group the mean MCEHC wos 32.4% and S.%, 0,89. This suggests

that tho hypochromic anacniia in this sroup ( flg. 3 ¢ ) was less severe

than that of the first group ( fig. 2 ¢ .
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Table 1

Comparison between basic hacmatological values of mice infected with 50

cercariac of S.mansoni and their controls

PR Ib gm/dl PVC % | MCHC %

Htection Inf, | Con. | Inf. | Con. | Inf. | Con. ;

0 * 14,6 | 14,8 | 41.0 | 44.8 | 85.7 | 33.0 '

7 ** 10.5 | 14.5 | 32.8 | 43.0 | 32,3 | 23.8 |
8 9.8 | 14.8 | 31.5| 43.3 | 31.0 | 34.4

9 7.4 | 14.3 | 25.8| 41.3 | 28.4 | 34.6 ,

10 7.1 | 15.2 | 23.5| 42.3 | 30.5 | 35.9 :

1

1 8.5 | 14,0 | 29.5| 40.0 | 28,9 | 35.2 |

12 8.2 | 13.9 | 27.0| 40.5 | 30.5 | 34.4 |

13 9.0 | 15,0 | s2.3| 41.0 | 27.8 ! 35.8 |
14 10,0 | 13,8 | 34.8| 40.3 | 28.9 ' 34.2
15 9.4 | 14,1 | 31,0 41,5 | 30.2 | 32.6
16 8.7 | 14,0 | 31.3 | 39.0 | 27.8 ! 35.5
17 8.9 | 15.0 | 29.8 | 40.8 | 30,0 ' 24.7
18 8.9 | 14.2 28.3 40.8 81.4 ! 85.2
19 £ 7.3 | 14,6 | 21,0 | 40.5 | 34,8 f 36.0
Mean 0.2 | 14.43| 20.9 | 41.56| 30.65| 34.74
S.E. 0.37| 0.12 1'04!1 0.43l o.4s€ 0.22
P P<0,001 | P < 0,001 : P< 0.001

* Beginning of incubation perlod

** End of incubation period
H ~ Weekly readings are the mean of 2 mice, except when marked = =

1 mouse
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Takle 2
Comparison between basic hacmatological values of mice infected with 100
cercariae of S.mansoni and controls

Wi atlor Hb gm/dl PCV % MCHC %

i

HiS SOk Inf. | Con. | Inf. | Con. | Inf. | Con.
0 * 14.2 | 14.4 | 41.0 | 40.0 | 34.7 | 36.2

1
7 %k 12.2 | 14.5 | 38.3 | 42,0 | 32.0 ! 34.5
8 11.6 | 14.7 | 35.5| 41,0 | 34.6 | 35.9
9 10,3 | 14,2 | 33.5 | 39.5 | 30.8 ! 35.9
10 8.0 | 14.8 | 26.0 | 40.5 31.7 | 36.5
11 6.6 | 14,4 | 20.5 , 42,3 | 33.3 | 34.1
12 6.6 | 14.6 | 22.5 | 39.5 30.0 ! 36.9
13 5.8 | 14,3 | 19.8 | 43,0 | 29.6 | 33.2
14 7.8 | 14.0 23.8 | 41.0 32,8 34.2
15 8.1 | 15.1 | 23.0 | 41.5 36.1 36.6
16 5.8 | 14.3 | 16.0 ' 40.0 | 36.3 | 35.8
|

Mean 8.94 14.45| 27.79 40,95! 32,44 35.35

S.E. 0.62| 0.11 1.89, 0.45 | 0.83 | 0.38
| ;
Controls P<0.001 | P <0.001 | P <0.02
P
Group 1 P n.s. i P n.s. P n.s.

| * Beginning of incubation period
** End of incubation period

4 Weekly readings are the mean of 2 mice, except when marked 4 =

1 mouse
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3. The third group: "infected with 150 cerzariae"

In this group the onset of severe anacmia was as early as the end
of the incubation period 'Hb 8.8 gm/q! and PCV 27%" ( table ¢ and
fig. 4 2 and b). The haematclogical values of the infected mice were
revealed by the t-test to be significantly different from those of the
first group and the control series, but were not significantly differeut
from the second group ( table 3 ). Thus, a significant effect on the
intensity of anaemia may occur as the dose of infection is increased
within the range 50 to 150 cercariac.

Only 24% of the infected mice bad hypochromic anaemia and 76%
normochromic 2naemia. The mean MCHC in this group was 32.6%

( S.E. 0.62 ) which suggests that the hypochromic anaemia was slight
( fig. 4 ¢ ). The resuilts in the control mice were analogous to those

controls of the first and the second groups.

SUMMATION AND COMMENT

In the three groups, the infected mice developed different degrces
of annemia at the end of the incubation period and perhaps before. The
initial drop in the haemoglobin values was followed, four or five woeeks
later, by limited and inaiginficant rises, particularly in the first a.nd.
third groups ( fig. 5 ). Thus, the corrclation coefficients between the
haemoglobin values and the duration of infection were consequently

significant ( table 4 ). The haemoglobin results were therefore examined

using the two way analysis of vartance. The doses of infection were




expressed in onc way t'columns! against the duration after infection
in the second 'rows'" ( table 5 ). Strong evidence of the cffect of
the duration and the dose of infection on the mean hasmoglobin values

There is no evidence to suggest that interaction between

was observed.
the duration and the dose of infection "within the range of doscs 50 to
150 cercariae" is significant ( table 6 ). This sugeests that both
factors, namely the dose and the duration of infcetion, are interrelated
and depandent on each other in producing but not in controlling the
degree of anaemia. It was found, however, that the duration of
infection affects the intensity of anaemia at a more significant level
( 0.1% ) than did the dose of infection ( 2.5% ) ( table 6 ).

Death of all mice infected with 300 cercariae of S.mansoni after
54 days of infectlon was reported by Sauod ( 1965 ). Longer exposure
of mice "84 weeks" to 25 cercariac of S.mansonl was found to cause
severe bypochromic anaemia ( Suad, 1978 ). The present study
supports these suggestions to the effect that high doses of infection to
mice with S.maansoni can cause severe anacmla . In a short poriod of
time . { Sauod, 1565 ), while longer exposure to a small dose still
can cause severe anaemia ( Suad, 1978 ).

Throuchout the course of infection, the anaemia was found to be
normochromic olthough in some mice there was some degrce of
hypochromsia, The MCHC valucs of all the infected groups of mice

fluctuated sround the normal level; the correlation coefficients between




the haemoglabin and the PCV values in the threce groups of the infecied

as in the control mice were highly significant ( P < 0.001 ) ( table 4 ).

Thus, in the infccted mice a decrease in hacmoglobin was associntecd

with a sigvificant decrease in PCV and vice versa., dbis ohservation

supports the evidence that the anaemia in schistosomiasis is mainly

normochromic.

It has been reported that pathological blood loss such as that of

some parasitic infections may cause hypocrhomic anacmia { de. Gruchy,

1973 ). Such hypochromia is commonly associated with wmicrocytosic

and is a characteristic feature of iron deficiency anaemia ( Macl.eod

et al, 1979 ). In the present study, blood films made from infected

anaemic and control mice were examined. Such films did not, however,

Frequently,

show cvidence of a significant hypochromia or microcytesis.

there was evidence of polychromasia and fragmentation of red cclls and

perhaps a slight degree of mdcrocytosis ( fig. 6 and control {ig. 7 ).

The prescence of the polychromatic cells "diffuse basogphilic cells! has

the samo slgnificance as has reticulocytes i,e. they indicate activoe blood

regeneration, and when present in large numbers result in a slight lo

moderate degree of mucrocytosis ( de. Gruchy, 1973 ). The presence

of the fragmented cells suggests that the anacmia is haemolytic In type

( de. Gruchy, 1973 and Hoffbrand et al, 1975 ),

From thesc studies and the prescnt findings it is suggested that the

enaemia in schistosomiasis is mudnly normocytic, normechromic with a




slight degree of hyperchromasia. This anaemia could be the result of a

haemolytic process rathcr than the associated blood less. Such blood

loss, however, may be a contributing factor,




Table 3

cercariae of S.mansoai and their controls

Comparison between basic haematolegical values of mice infected with 150

after

Wecks

Hb gm/di

|

| pev %

MCHC %

infection

Inf. Con,

Inf. Con.

Inf, p Con.

0 *
7 *%
8
9
10
11
12
13
14
15
16
17
18

14.7
12.9
14.5
14.0
14.7
14.3
185
14,9
14.8
14.4
14.8
14.0
14.9

14.3
8.8
7.7
6.1
5.9
7.6
6.5
8.8
7.7
7.9
6.9
7.2
6.3

39.8
27.5
26.0
18,0
17.0
22.0
22.5
24.5
26,0
25.0
19.5
26.0
18.0

40.5
40.5
40.5
40.0
41.0
42.0
40,0
42.5
42.0
41.5
43,0
39.5
1.5

27.9 35.3

7.8
0.43

14,3
0.12

l

24.02
1.2

41,13
0.25

Controls

Group 1

Group 2

P <0,02

P n.s,

P <0,001 |

3

P <0,001
P <0.001

P n.s.

P<0,01

P n.s.

* Beginning of incubation period

** End of incubation period




Table 4

_S.mansoni and their controls

i Comparison betwcen basic hacmatologlecal values of mice infected with

53

’ G Infected Controls
Sources o0if
variations 1 2 3 1 2 3
No. of cercariae! 50 100 | 150 0 0 0
Sample size 27 21 26 27 21 26
. Weeks of test 19 16 18 19 16 18
Mean 9.2 8.9 | 7.8 14.4 14.5 |14.3
S.E. 0.37 0.62 | 0.43 0.12 0.11 0.77
Hb Range 8.2 9.1 9.2 2.5 2.0 2.2
gm/dl - 1&2 2&3 1&3 inf. & con.
n,s. n.s.| <0,02 <0.,001 !
Mean 29.9 27.7 |24.0 41.6 41,0 |41.1 |
g S.E. 1.01 1.9 | 1.2 0.45 0.45 0.24
{
; o Range | 21.0 27.0 |26.0 8.5 7.5 5.0
% 1 &2 £ & 3| 1& 3 inf. & con,
R n.s. n.s. | 0,001 <0,001
Mean 30.7 32.4 | 32.6 34,7 35.4 [34.8
S.E. 0.46 0.89| 0.63 0.22 0.35 | 0.3
MCHC Range 9.8 13.2 10.8 ‘ 5.9 5.8 7.0
% 1&2 2&3 1&3 inf. & con.
i
o <005 | n.s.| <0.01 | <a001 | <0.02 [<0.02
Hypochromsia 48% | 33% | 20% | © 0 3.8%
Hb « PCV P <0,001
Hb v wecks |p <0,02 lP <0,001; P <0,01 P ne.

T.

Corrclation cosfficient

—



(a)
Table 5

Two Way Aualysis of Variance:

Mecans of Hb values "2 mice weekly"

Weeks afior Infecting number of cercariac
tefaciion 50 100 | 150
0 14,6 14.2 14,3
7 10.5 12,2 8.8
8 9.8 11.6 7.7
9 7.4 10.3 6.1
10 7.1 8.0 5.9
11 8.5 6.6 7.6
12 8.2 6.6 7.6
13 9.0 5.8 8.8
14 10.0 7.8 7.7
i5 9.4 8.1 7.9
(b)
Table 6
Statistical Terms
Source of D.f Mean of Variance Significance
variaticn i Squares Ratio Level
i  Beluoen 14 19,3424 11.29 P < 0.001
weeks
< Daeny 2 10.7287 6.26 P<.0.01
cercariae
3. Interaction
weeks x 28 2.102 1,23 P n.H.
cercariae

—




Fig.( 4 )

Hacmatological Values of Mice infected with 150 Cercaria

of S.mansoni and Controls.
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Hoemoglobin gm / dl

Fig.( 5 )

Haemoglobin values of mice infected with S.mansoni and Controls
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Fizure 6
r 4 Blood film of mouse infccted with 50 ccrcariac of S.mansoni for 13 weeks
1 showing : (1) Polychromasia
1 ‘% (ii) Fragmentation of red cells

5 (dii) Slight degree of macrocytosis
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‘ Firure 6
" 1 Blood [ilm of mouse¢ inlecte i with 50 ccreariac of S,mans oni for 13 weeks
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" Low Power
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CHAPTER 2

TRUE SPLENOMEGALY AND ANAEMIA

Human and animsl Investigations have shown that the snasmia
associated with schistosomiasis can be caused by or aggravated by
splenomegaly ( Reimann et al, 1960 and Woodruff et al, 1866, Saboure
et al, 1967 and Woodrulff, 1973 ). There has been, hcwever, no
previous report on the effect of infection with S, mansoni on the
spleen,/body weight ratio. There have also been no previous reports

of the relationship between the actual increase in the spleen weight and
the coursc of the anaemia in schistosomiasis. In view of the important
role some obszrvers consider the cpleen to have in schistosoiniasis, a

study of the kind here referred to was considered to be of importance.

PROCEDURE

The body weights and splcens of all the infected and control mice

wore mesasured in grams throughout the experiment at tho time the
animals -were autopsied. The percentage of the actual increase in ths

spleen welght ( true splenomegaly ) was calculated as follows:

Spleep weight 2
Body welgit Lo %




RESULTS

The mean of the splecn/body weight percentages for each group

of mice was incrcased with the incrcase in the dose of infection

( tables 7 and 8 and fig. 8 ). The diffcrence in true splenomegaly

between the groups infected with 50 and 150 cercarice was shown by

the t-test to be significant ( P < 0.2 ), but neither of thezc groups

were siguificantly different from the group infected with 100 cercariae

( table 8 ).

Because of the overlapping in the raw data standard curves

( figs. 8 and 9 a ) and in order to smooth the curves, a non-linear

regression fitted model curves ''exponent curves', ( Geggs et al, 1964 )

( fig. 9 b ) showed clearly that increase in infection (cercarial load)

was asscclated wilh an increase in splenomegaly.

COMMENT

Throughout the experiment, the splenic weights of the control

Such spleen weighte in

mice varicd betveen 0.07 - 0.68 gm,

these two extremes rcpresented about 0.47% of their body

Measuring the spleen weights by the suggested ratio

weights.,

procedure, thorefore, gives no chance for any false impression

of aplenomogaly. Moreover, it 1s thought to be more accurate

‘han weighing the spleen in milligrams as reported by Magzalhaes

et al, ( 1951 ).



It has been claimed that there is no significant dilference among

the spleen weights of mice infected with 150 cercariae of

S.mansoni from the 3rd to the 79th day after infection, although

the variation of the spleen weights within the group is greater

than that of the average weight ( Magalhaes et al, 1961 ). Ia

the present study, however, there was progressive iucrease in

the spleer weights of the infected mice from the end of the

incubzation period; 5 or 6 wccks later, splenomegaly followed

more or less a steady course ( fig. 8 ).

Splenomegaly was significantly related to the degree of anaemia

( table 8 ). However, this does not excludc the possibility of olher

Thus, mice with the spleen

factors still influencing anaemia.

surgically disconnected from the portal circulation and placed under

the skin ( marsupialization ) where there is no pooling of blood, showed

splenomegaly 3 weeks after infection with cercariae of S, mansoni

Andrade ( 1962 ) also suggested that in mice

" ( Andrade, 196+ ).

infected with S.mansoni, the reticulo-endothelial stimulation is an

important factor in the pathogensis of splenomegaly rather than the

chronic pacsive ccagestion of blood due to portal hypertension.

Morcover, anaemit can be developed in splenectomised mice when

infected with S.munsond ( Mahmoud et al, 1972 ).



Table 7

S.mansoni and their controls

True splenomegaly "'Spleen/Body weight %' in mice infected with

0,43
0.5
0,47
0.48
0.42
0.45 1.6
0.52 1.6
0.48 -
0.44 -

0.48 | =

1.75
1.65
1.85
1.8
1.6

0.53
0.5
0.47
0.54
0.47
0.52
0.54

Wesks after Group 1 ! Group 2 ! Group 3
intpenvn Inf, ,‘ Con, | Inf. | Con. l Inf. Con,
|

0 0.49 | 0,47 0.41 0.44 0.48 0.42
7 0,94 | 0.47 1,12 0.49 31 0.44
8 1,09 0,43 1.4 0.5 1.63 0.49

9 0.42 L55 0.53

0.44
0.5

Mean
S.E.

1,39
0.36

0,46 1.47
0.07 : 0.34

0.49
0.09

1.7
0.31

0,45
0,12




‘Table 8

Statistical analysis of some aspects of splecnomegaly and its relation

to anaemia in schistosomiasis

t

Doses of test

infection

Infected \, Controls Hb gm/dl PCV %

Group 2

Group 1

50 cercariae P n,.=s. P < 0,001 P< 0,01

Group 2

Group 3

P <0.001

100 cercariae P n.s. P<0,001

Group 1
P< 0,02

Group 3

P < 0,001 P< 0,001

150 cercariae P< 0,001
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Fig. ( 9 ) 65
True Splenomeyaly in mice infected with S. mansoni and Controls.
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COMPLEMENT ACTIVITY IN ASSOCIATION

WITH ANAEMIA IN SCHISTOSOMIASIS
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CHAPTER 1
ESTIMATION OF COMPLEMENT ACTIVITY BY MODIFICATION

OF A RADIOACTIVE TECHNIQUE

The ability of certain complement components to cause lysis is of
particidur ianterest as it may enable some pathological and clinical
agpects of disease to be understood. The complement system appears
to be present in all higher forms of life (Forsdyke, 1973 ). Under
certain conditions, complement can participate in a variety of
inflammatory and membranolytic processes ( Glovsky et al, 1974 ).

In this study attention has been concentrated on the process whercby
complement is involved in damage to the erythrocyte membrane.

In practice the measurement of complement activity is not easy.
Lachmam et al, ( 1973 ), reported that the investigation of serum
complement tends to be restricted to rclatively few laboratories largely
because of the difficulties in setting up the relevant techniques. In
this study a radioactive immunohaemolytic test ( Rosenberg et al, 1962 )
was found to be appropriate for measuring the hacmolytic activity of
complcment in the mouse sera. The chlef advantage offered by this
radiometric technique over the other colourimectric methods for
detecting hoemolysis is the availability of an accurate assay of comple-

ment in which any haemolysis of mouse red cells offers no obstacle.

As a result of pilot experiments, however, modification of some




aspects of the tzst was found to be necessary.

MATERIALS AND METHODS

1 -~ Reagenis:
" 51
i. Sodium chromate ( Cr ), a sterile aqueous isotonic
solution of radicactive chomium ( injection B.,P., 1 mCi)

was obtained from ( The Radiochemical Centre, Amersham,

U.K. ).

2. Sheep blood in Alsever's solution, and rabbit anti-sheep
haemolysin as an amboceptor were obtained from
( Wellcome Reagents Limited ).

3. Veronal buffered saline was prepared according to the
method of Mayer ( 1961 ) . Preparation of %6
molar EDTA in 0.85% NaCL ( PH 7.2 ) was effected by
the addition of 0.1% gelatin to the buffer. This has becn

found virtually to elimirate loss of radioactive chromiwumn

( Roscnberg et al, 1962 ).

Haenwlytic teat:

1st Pilot experiment

1., Sheep blood was centrifuged at 2000 r.p.m, for 3 minutes

and the supernatant was removed, To 0.1 ml of packed
cells, 1 ml of Crsl ( approximately 160 uCi ) was acdded.

While being gently agitated, the mixture was incubatcd




for 1 hour in a water bath at 37°C. It was then
refrigerated at 4°C overnight. After this the labelled
cells were washed three to five times with veronal
buffered saline and made up to 2.5% suspension
( approximately 108 red cells/ml ).

2. The omboceptor was made to 1:50 dilution. The sheep
red blood cells were sensitised at ice bath :2mperature
for 5 minutes at the most.
The tesi was carried out in small 10 x 77 mm sterile
plastic tubes ( No. 64268 Travenol Laboratories Ltd.,
Thetford, Norfolk ).
In order to obtain reproducibility ( % 5% ) of results in
replicate titrations, extreme cleanliness in every step
was essential,

Using a micropipotte, the reagents were added in the

following order:-

0.01 ml of the diluted haemolysin.
b. 0.05 ml of 2.5% Cr°» labelled sheep RBCs.
0.01 to 0.10 ml of infected mice sera ( after

thawing and agitation ).

Veronal buffer saline to give a total volume of

0.25 ml,

N.B. At this step marked haemolysis was noticed in

all tubes.



All relevant controls were included with each set of

i. Sera from control mice for step ( 3— ).

fi. Absence of either step ( 3-a)or (3¢ ).

iii, Mousc sera heated to 56°C for 30 minules for

step ( 3—< ).
5., The reactants were mixed, placed in a ( 37°C ) water

bath and mixed at 15 minute intervals. The reaction

was stopped by the addition of 2 ml cold veronal buffcred
galine, The tubes were rapidly centrifuged at 3000 r.p.m.
for 3 minutes, the supernatant was poured into separate

tubes.

At this point complete haemolysis was noticed in

N.B.

all tubes.

Both the supernatants and the sedimented cells were

placed in a well-type scintillation counter. Samples
were counted for 46 soconds, and total counts of between
30,000 - 40,000 were obtained.

»  Corrcct counts were measured by subtraction of tho
background count from both the count for the supernatant
and that for the sedimented cells. The remaining counts
were identificd as correct counts. The counts attributablo
to the non-specific chromium leakage from the cells wero

determined by measurements of tho counts from the




supernatants of the controls ( step 4, ii ).

The percentage of lysis was calculated as follows:-

8-
% of lysis = }—1 x 100

S = counts in supernatant minus background.

T = total counts of supernatant and cells ininus back-

ground.

a = counts attributoble to non-specific leakage of

chromium.

It was impossible to use the above formula to determine the

percentage of haemolysis for duc to almost complete haemolysis in all

tubes, the count in (a) was more or less the same as in the othex

It was essential, therefore, to review the steps of

supernatants (S).

the test in order to obtain a reasonable haemolysis. Thus, tho dilution

of the amboceptor and of the radioactive chromium were increased,

Sterile normal saline, glass tubes and sheep blood from other labora-

torios were also . used.

The final suitable alternatives were as follows:-

Increase the dilution of amboceptor to 1 : 100,

Docrease the dose of ( Cr51 ) to 100 uCi/ml,

Use of sterlle istonic phosphate buffered saline PBS ( PH 7.2

with 0,1% golatine ) instead of the veronal buffered saline in all

steps of the test.

Using the above modifications, the test was performed again and



sensible results were obtained ( table 9 ).

2nd Pilot experiment

The amount of serum available from a single mouse was almost
not enough to be used in step ( 3-¢ ) '"0.01 - 0.10 = 0,56 ml of
serum"”, Thus, according to the availability of serum from an
individual mouse, either amounts were used in step ( 83— ) as
follows:~
X 0,01, 0,02, 0.05, 0,07 and 0.1 = 0,26 ml of serum.

or
xx, 0,02, 0.04, 0,06, 0,08 and 0.1 = 0.3 ml of serum.

The amounts in step ( X ) were made first and if serum was still
available, 0.01 ml of it was added to the first 4 tubes, thus turning
step ( x ) into step ( xx ). The idea was to measure complement
activity in each mouse, and to use all the serum available from
such mouse.

In order to tcst the sensitivity of this variation of the method,
pooled sera from two infacted and two control mice were used. The
differcnces betvreen the percentage of haemolysis between the odd ( x )
and cven ( xx ) amounts of sera were found to be not significant
( table 10 ), This means that either amounts of sora ( x or xx ) could
be used to dectect haemolysis. Indced, If all the serum cbtained from
one mouse i.e. 0.26 - 0.3 ml was used in one step, the dcgree of

hacmoiyeis will be increased and may exceed 100%, This rcquired



re-adjustment of the test and dilution of the reagents. Although this
may have seemed more easy than titration of the serum, its main
disadvantage is the lack of sensitivity duc to the inability to observe
the proportional increase in hacmolysis with the increase in the
amount of sera ( table 9 and Fig. 10 ). However, thec one step
method may be useful for the purpose of screening mice for the
presence of complement ( Roscnberg et al, 1962 ).

Bearing in mind that the amount of any mouse sera used in the
test is in fact the whole amount of serum obtainable from the rmouse's
circulation; the mean of the percentages of haemolysis in an individual
mouse serum, thevefore, 18 an accurate measure of the haemolylic

activity in that serumn. This was expressed as the percentage of

haemolytic units per mouse serum.

Using the previous modifications, the test was successfully used

to measure the hremolytic activity ( complement ) In the sera of the

.

infected and control mice,

The test was also used to detect the haemolytic activity in human
and monkey sera, In both conditions, the percentage of haemolysis,
even with the smallost amount of serum ( 0.01 ml ), was almost 100%.

Dilution of tho amboceptor may be necessary for the test to be suitable

for such sera.

RESULTS_

At the end of tho incubation poriod, tho three infected groups of




mice showed marked decrease in their compiement levels as compared
with the control series. There was no more noticcable iall in the
complement levels 3 to 5 weeks later, and through to the end of the

experiment (figs. 1l and 12). This probably resulted from an

increasing immunity againsti the infection.

In the two groups of mice infected with 50 and 150 cercariae,
the complement levels were, as shown by the t-test, significantly
different from each other, but not from the group infected with 100
cercariae ( table 11 ). This suggests that an increase in the
cercarial load can cause a fall in the complement levels. In the

control mice there was no sigrnificant difference between the complement

levels in all groups ( table 11 ).
In all the three groups of the infected mice there was a significant

relationship between either the haemoglobin ( fig. 15 ) or the PCV
values and serum complement, A fall in serum complement was

agsociafed with a significant inirease in tho degree of anaemia

"P < 0,001 ( toble 12 ). In the control serics there was no such

relationzhip ( fig. 15 ).




Table 9

Titration of

of S.mansoni

an individual serum of mouse infected with 50 cercariae

Scra

Counts

in

L vy s is %

in ml

Deposit ! Supernatant

P;r ml

Mean

—'i 8.5,

0.01
0.03
0.05
0.07
0.1

227517
19203
15031
13854
13514

3131
4190
6274
7248
8010

4.5
10.0
21.9
27.2
30.6

0,0
"No sera'

19713

2095

0,05
"Heated Sera"

20625

1864

0,05
"No ambo-~
ceptor

19536

1696

Background




Table 10

Effect of usage of different amounts of pooled serum of infected

and control mice

% haemolytic units/mouse serum

Amount of serum
in mil

Infected Controls

X

odd amounts

XX

even amounts

between infected P n,s.
between controls
between infected x : P <0.05

and controls xx : P<0.0%

P n,.s.
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Table 11
Serum complement levels " means of every week reading' in mice
infected with S.ra:iusoni and their controls
Complement "' % haemolytic wunits/mouse scra’
Weeks after
infectian Group 1 Group 2 Group 2
| Inf. Con. | Inf, Con, Inf. Con,
0 34.2 41,2 35.8 | 31.5 28.5 33.7
7 22.1 53.5 15.6 | 27.7 9,0 34.0
8 13.7 34.2 7.6 | 48.1 7.1 42.6
9 8.6 50.0 11,1 36.0 5.3 34.8
10 10.0; 37.3 6.0 48.2 5.0 37.%
11 8.9 34.4 4,81 50.0 9.5 32,2
12 15.0 40,5 5.9 | 39.0 4.8 46,5
/ 13 17.6 §5.0 8.2 | 38.9 6.4 41,2
14 14.5 40.6 9.7 | 45.8 7.3 34.6
15 11.2 47,4 10,7 | 48.6 9.6 45,3
16 13.8 37.9 6.8 49.3 5.5 52,3
17 13.6 64.5 - - 8.9 37.5
18 9.2 40,6 - - 9.8 42,3
19 o/~ 10.4 | 47.8 - - - i - '
Mean 14.6 | 44.6 11.3 | 42.1 8.9 ‘ 41,1 '
S.E, 1.4 1.7 1.9 1.5 i 1.3 i 1,7 '
|
162 | 1&2 2&3 | 2&3 3&1 | 2%l ]
B n.s. | n.s. n.s n.s 0.05 n.s. |
< 0,001 : < 0,001 < 0,001

# Reandings of a singlc mouse

L ————————————————
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Figure 10

Supernatant roactions Zrom
1. Infected Serum
2. No Serum

3. Control Serum
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the increase in the amount of serum added to the reactants.




Supernatant roactions Zrom
1. Infecled Serum
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3. Control Serum

Note increascd haemolysis of sheep red cells " density of colour with

the incrcasze in the amount of serum added to the reactants.
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2. No Scrum
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Fig.( 11)

Complement levels in mice infected with S.mansoni and their Controls
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Fig., (12 )

Complement levels in mice infected with S
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CHAPTER 2
DISCUSSION AND STUDY OF THE RELATIONSHIP DETWEEN

ANAEMIA, COMPLEMENT AND SPLENOMEGALY

After the initial pinses of this study, complement was dotectable
in almost all the mice sera. With the modification made in the
materials and metnods, the test was found suitable and probably more
reliable than other colourimeteric techniques. In this study, the
method devaloped to calculate the complement haemolytic activity was
found to have an advantage over that commonly used and known as
the CH 50/ml method ( Mayer, 1961 and Fischer, 1967 ). Their
method measures the haemolytic activity in normal scra, either by
dilution of complement over a rangc where partial haemolysis occurs
"Mayer's technique' or by measuring the time needed to achieve 50%
lysis with a fixed amount of complement ( Fischer, 1987 ). The
percentagos of lysis were determined spectrophotometrically; a sigmoid
standard curve is plotted and used to read 20-80% lysis of other sera.
The CH 50/ml method would use normal mice sera as a reference
sera and would not, therefore, measure the low hacmolytic activity
of the mice weekly, Thus, it would not be possible to test the
differences between the haemolytic activity of the Infocted and control

It is particularly

mice throughout the experiment ( table 11, fig., 13 ).



important to do this in view of the great variation in complement
there is between individual mice sera. It was for this reason that
the CH 50/ml mcthod was not used.

Onc observation worth mentioning here, is that the sera of the
infectcd mice was much paler in colour ( containing less hacmolyscd
red cells ) than that . of . the control mice ( fig. 14 ). This may be
related to the strength of the hacmolytic power of such sera. This
observatlon, therefore, adds to the value of using the radioactive
teclmicues for measuring complement rather than the colourimcteric
metheds. This is because the colour of the sera would aot affect
the results obtained from the former method, but could do so in the
latter.

In order to study the relationship between anzemia and complement
and to compare that relatfonship with the relationship between anacmia
and splonomegaly in all the infected mice, a whole data summary is
glven In ( table 12 ) and a whole correlation matrix is given in ( table
13 and fig. 14 ). From these two tables, it is obvious that complement
and splenomegaly are both significantly related to the haemoglobin and
PCV in the three groups., Howover, although the haemoglobin, PCv,
complement and splenomegaly in group 1 and 3 are significantly
different from each other ( tables 4, 8 and 11 ), the rclationship

botween either the haecmoglobin or the PCV and complement in both

groups does not diffcr to a significant lovel ( table 13 ). The
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relationship between either of the haemoglobin or PCV and splenomegaly
in the samec groups, however, is significantly diffcrent from each other
at the 5% level ( table 13 ). This suggests that with the increases in
the dose of and/or the duration of infectlon, the relstionship between
anaemia and complement remains the same, but the relationship between
anaemia and splenomegaly varies. In other words, in schistosorniasis,
the degroc of anacmia is more assoclis ted with a fall in the complement
levels than an increcasc in the spleen weight, The coreplement
dependent immunological mechanism, therefore, is more likely (o be

the prime cause for anaemia in schistosomiasis. This was suggested

by Woodruff ( 1973 ), Mahmoud et al ( 1973 ) and Suad ( 1978 ) and

confirmed by this study.




Data summary of the infected mice

Variables No. of cerc.| Sample size | Mcan i S.E. | Range
i |

a. Group 1 '
. Hb 9.21 0.37 8.20 !
2. PCV 50 27 29.90 1.04 | 21.00
3. Complement 14,62 1.42 | 28.10
4, Sp/BW 1.41 0,086 1.53
b. Group 2

1. Hb 8.94 0.82| 9,10
2. PCV 100 21 217.18 1.89 | 27.00
3. Complement 11,29 1.97 | 36.80 |
4, Sp/BW 1,47 0.09! 1.53J!
c. Group 3

1. Hb 7.80 0.43]| 9.20
2, PCV 150 I 26 24,01 | 1.23! 206,00
3, Complement 8.90 ! 1.27 | 28.30
4. Sp/BW 1.70 : 0.08 | 1.68




Correlation matrix for mice infected with S.mansoni

PCV

Group 1 "infected with 50 cercariae"

Complement

-.598

3.

PCV
.610 Complement

O

Group 2 "infected with 100 cercariae"

-.874
3.

Group 3 "infected with 150 cercariae"

Complement
-.703

3.

of (r) are significant at the 5% level or less
botwesn 3*

between 4*

P n.s.
P <0.05




¥Figure 14

Sera of some infected and control mice showing that the former

is paler than the latter



Sera of come lafected and conirol mice showing that the former

is paler than the latter
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Fig( 15 )
Correlation matrix between haemoglobin and both Serum Compliement
and true Splenomegaly in mice infected with S.mansoni and Controls
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COMPARISON BETWEEN INFECTION WITH

S. MANSONI AND T.RHODESIENSE




e

CHAPTER 1

EXPERIMENTAL TRYPANOSOMIASIS

In the study reported here, mice infected with Trypanosoma

rhodesiense were examined for anzemla, splenomegaly and complement

levels and the inter-relationship between these three factors. The
results were compared with those of mice infected with S.mansoni.

T. rhodesiense was first described in 1910 from a patient in

the Zambesi region whore the infection may have existed in endemic
form, and whence it gradually spread northwards ( Wilcocks et al,

The infection now is mainly confined to Central and Eastern

1973 ).
Africa ( De Raadt, 1976 ), though it still exists in "Gambia' West
Africa ( Lumsden et al, 1979 ).
The reasons why trypanosomiasis was selected for comparison

with schistosomiasis were discussed in the review of literature.

MATERIALS AND ME THODS

Experimental animals:-
Two groups of 20 inbred T.O. strain male white mice ( the amn.e
as that used In infection with S.mansoni ) and equivalent sumber
of control mice were used in this experiment.

Parasites and infection:-




Two strains of T, rhodesicnse were used to infect the mice:
i, Animal strain : "group 1",

Number ( D2/11/180 BIA ), was kindly obtained from Dr,
W.E. Ormerod, Prolozoology Dcpartment, London School cof
Hygiene and Tropical Medicine.
ii., Human strain : “group 2'".

Isolatcd from an African patient at the Hospital for Tropical

The parasites were separated

Diseases in November, 1977.
from the blood of the doror patient by gradusl centrifuzation.
Infection:-
The number of trypanosomes in a suspension in sterile 5%

dextrose - 0.9% NaCl was counted and adjusted to the desired

concentration ( 1000 trypanosomes/0.1 ml ). Each mouse was

T,.rhodesiense

infected intraperitoneally with 0.2 ml of the

suspension; controls received an equivalent volume of sterile

-

diluent.
Course of infection:-
Mice were kept in isolated cages under conditicns similar to that
made for mice infected with S.mansoni.
Two mice from each group were killed weekly from the time of

infoction. Parasitaemias were followed by obtatning blood samples

at the doath of the mice with tho aid of a haemocytometer counting

chamber. For the haemocytometor counts, the blood samples were



diluted in crythrocyte—diluting pipcttes with 1% formalin - 0.9

NaCl countaining 10% Gicmsa stain.
Hacmoglobin, PCV, MCHC, complement and true splenomegaly
were all measured as in schistosoma infected mice.
During the course of infection, 7 mice from the first group and

9 mice from the second group died.

RESULTS

After one week of infection a slight degree of normochromic anaemia

was observed in the two infected groups of mice. With the progress of

infection, anaemia gradually Increased ( figs. 16 and 17 ), but remained

normochromic ( table 14 ). The spleen/body weight ( fig. 18 ) and the

number of trypanosomes/ml of blood ( fig. 19 ) also increased ( tuble

15 ). Meanwhile, a drastic reductlon of serum complement occured and

remained so to the end of the experiment ( table 16 and fig. 20 ). In

the blood films stained with Glémsa no sign of hypochromasia was present
but many polychromatic cells and some fragmented cells were found

( fig. 21 ).

From these tables and figures, the results in the two groups of
mice arec seen to be very similar although one group was infected by'a
strain of trypanosome isolated from a patient's blood and the other by
a strain of trypanosome kept in the laboratory for scveral ycars. The

t-test revealed that the difference between all the results in tho two



groups was not significant. It was, thereforec, decided to add together

the results obtained each weck and use the mean as onec group

( table 17 ). This was particularly useful for comparison with the

results obtained in schistosomai infected mice.

The. relationship between araemix. complement, splenomegaly in

trvpanosvmniasis:

The relationship between the haernoglobin and the PCV was almost

perfectly direct and highly significant "P < 0.001" ( table 18 ) as a

consequcnce of the davelopment of normochromic anaemia during the

course of the infection.

The relationships between anaemia and either serum complement,

splenomegaly or the number of trypanosomes/ml of blood were all

significant at the 5% level or less ( correlation matrix, table 18 ).

The decrease of serum complement was not significantly related to

either the increase in the spleen weights or the increase in the number

of trypanosomes/ml of blood and there could be other reasons for the

drastic fall of serum complament observed in the infection. These

reasons are discussed in the following chapter., Likewise, the almost

perfect correlation between the haemoglobin and the PCV ( r= 0.93 ),

the rclationship botween the spleen/body weight % and the number of

trypanosomes/ml of blood was highly significant ( r. 0.94 ) ( table 18 ).




Table 14

Basic haematolozical values of mice infected with T,rhodesiense and their controls

Duration of infection
Sources of 5
varistions lday |1 week| 2 weeks | 3 weeks | 4 weeks |5 weeks | 6 weeks {7 weeks
Group 1
a.Hb Inf, 14.5 10.7 10.0 10,2 10,0 9.7 11,5 - P < 0. 001
Con, 14.5 15.0 15.2 14,5 15.2 i4.5 14.9 - ¢
b.PCV Inf, 41.0 30.5 28,0 28,3 28.7 27.5 32,0 - P <0.001
Con, 40,5 41,0 42.5 40.5 42.5 41.3 41.5 - -
c. MCHC : - . e
Inf, 35.3 35.0 35.8 36.1 35.8 35.3 35.6 - » n.s. ;
Con, 35.8 36,6 35.8 35.9 35.9 35.3 25.6 - s
1
Group 2 5
aHb Inf, 14,2 12,9 | 11.4 11.4 8.2 9.1 7.9 9.5 P <0,001!
Con. 14,7 13.7 13.3 15.3 15.5 14,6 14.6 14,5 ;
b.PCV Inf, 39,0 | 36,0 | 31,3 | 31,8 | 22,8 | 255 | 223 |26.5 Sk 001!
Con. 41.5 38,0 37.8 42,0 43.3 41,0 40.2 40,0 4
¢. MCHC ,
inf, 36.3 34.9 36,3 35.8 35.8 35.7 35.7 ' 35.8 |
- P <0,001!
Con, 35.3 35.9 36,1 35.8 35.8 35,8 36,9 36,3

6




Table 15

Spleen/body weight % "true splenomegaly” and the numbers of Trypanosomes/misblood in mice
infected with T.rhodesiense and their controls

Duration of infection

2 weeks | 3 weeks | 4 weeks | 5 weeks 7 weeks




Table i6

Serum complement levels ( % haemolytic units/mouse scra)

in mice infected with T.rhodesicuse and their controls

Duration of lst Group 2nd Group
infection Infected Controls Infceted o Coﬁﬁrols
1 day 30.5 48,9 44,15 38.1
1 week 3.51 36,9 1.97 35.0
2 weeks 2.7 40,25 0.6 53.9
3 wecks 3.51 33.0 4.1 42.6
4 weeks 1.93 37.2 3.5 3G.8
5 weeks 0.72 30.8 0,58 49.0
6 weeks 3.0 24.2 1,05 38.3
7 weeks - - 0.8 66.3

P <0,001 P < 0,001




The results of all mice infected with T.rhodesiense and their controls

Sources of
variations

nfection

i
|
!

No. of mice: Inf,
Con,

Hb gm/dl : Inf,
Con.

10.4 10,74
4 {
14.8 ;0.11 o

PCV% : Inf.
Con,

29,9 2.9

0. (
40.8 0.4 (000

MCHC % : Inf,
Con.

Complement % :
m.
Con,

Sp/Bw % : Inf,
cm.

Tryps/ml
3 1000




Fig( 16 )

Haemoglobin values in mice infected with T.rhodesiense and their Controls
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Fig.( 17 )
PCVE values in mice infected with T.rhodesiense and their Controls
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Fig.( 18 )

True Splenomegaly in mice infected with 150 Cercariae of S.mansoni; mice infected

with T.rhodesiense and Controls.

7 T.rhodesiense

Controls

4 5 6
Weeks of infection after incubation period ( I.P. )




Number of Tryps / ml blood

Fig.( 19 )
Progress of Parasitaemia in mice infected with T.rhodesiense
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Fig.( 20 )

Fall in serum Complement in mice infected with T.rhodesiense.
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Figure 21
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CHAPTER 2
DISCUSSION AND COMPARISON

WITH SCHISTOSOMIASIS

In the experiment reported here, mice infected with two strains
of T.rhodesiense ( kuman and animal ) had no significait differences
between their anaemia, splenomegaly and complement levels as shown
by the t-test. This may suggest that the virulence of T, rhodcosicnse
is not lost or reduced if the trypanosomes are kept in thc laboratory |
for several years.

Anacmla was repcrted to be common in African trypanosomiacsis
( Woodruff et al, 1966 and Assoku et al, 1977 ). Woodruff et al ( 1996
and 1976 ) also suggested that a haemolytic factor is present and l
associated with the anaemia in patients with African trypanosomias.s. !
Murray et al (1973) reported t.l;at some rats infected with T,brucci
underwent a major hacmolytic crisis, with haemoglobinaemia and [
haemoglobinuria before they died. Herbet et al ( 1973 ) also suggestedthal
in mice infected with T.brucei the erythrocytes may play a part in the

immune response by adsorbing antigen on their surface; this may

provide a clue to the cause of anaemia. It has also becn suggesicd that |

calves infected with T.conzolcnsec develop a complemcnt mediated

haemolytic anaomia ( Assoku et al, 1977 ).
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| In 6 patients suffering from infection with T.rhodesiense the
' hacmoglobin ranged from 4.8 to 11,9 gm/dl ( Woodruff et ul, 1966 ).
However, thc black African patient from whom the trypancsomes were

isolated for infection of the 2nd group of mice had a moderuate degree

of anaemia ( haemoglobin 13.7 gm/d1 and PCV 26.5% ) on admission
to the Hospital for Tropical Diseases. A moderate degree of anaemia
has also been observed in mice infected with T.lowisi ( E1 On et al, 1976 )
and in the present study. As in schistosomiasis, the anaemia was
normochromic ( fig. 22 ), however, in schistosomiasis there was some
degree of hypochromasia; the anaemia was more severe, and rather
more haemolytic in nature. It thus seems that the anaemia associated
with African trypanosomiasis is of a moderate degree; normochromic
picture and haemolytic nature.

The t-test showed that the haemoglobin and the PCV values of
mice infected with T.rhodesiense differed at the 2% and 5% levels from !
those values in mice infected with 150 cercariae of S,mansoni, but did
not differ from those values in mice Infected with 50 or 100 cercarias.
In the mice infected with 150 cercariae of S.inansoni, the correlation

coefficient between low haemoglobin and low serum complement a3 I

highly significant ( r 0.93, Flg. 23 ). Although we must be careful P
when drawing conclusions about the ''cause and effect'' of this almost

perfect correlation. We can be almost certain that the fall in scrum

- ——

complement results from its adsorption onto erythrocytes that are
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subsequently desiroyed and removed from the circulation.
In trypanosomiasis, the correlation betwecen haemoglobin and serum
complement was also significant ( r. 0.74, fig. 23 ), but the dramatic
fall in serum complement and the moderate degree of anaemia
observed in the infcction is unlikely to be a coincidence. However, the
moderate degree of anaemia which developcd did not exclude ox
minimise the role played by complecment in its development. Clearly,
the differences hctwecen the complement levels and splenomegaly in
both infections did require statistical comparison ( figs.23;24;25&27).
A conmparison of the slopes of the regression coefficients of the
haemoglobin and either or serum complement ( fig. 23 ) or
splenomegaly ( fig. 27 ) was made between both infections. Good
evidence was obtained suggesting that either an increcase in the splenic
weights or decreasc in the ccmplement levels is associated with a
decrease in the haemoglobin values. This decrease in the haemo-
globin values is less in mice infected with T.rhodesiense than in mice
infected with S.mansoni ( table 19 ). Evidence, confirmed statistically,
shows, therefore, that the decline in hacmoglobin is more associated
with the fall in complement levels and the increase in splenic weights
in schigtosomiasis than in trypanosomiasis. Moreover, although mice '

infected with 150 S.mansoni cercariae had significantly larger spleens

and iower complement levels than mice infected with only 50 cercariae,

the maximal difference between these slopes was between mice infected




with T.rhodesicnsc and those infected with 150 S.mansoni cercariac

( table 19 ). This difference betwezn the slopes and the valucs
they represent probably excludes the possibility that splenomegaly
is the main cause for anacmia in both infections. This iz becausc
micec infected with T.rhodesiense were less anaemic and had
splenomegaly morc than twice as great as in mice infected with 150
cercariae of S.monsoni. Thus, if splenomegaly is the main mechanism
for anaemia in both infections, mice infected with trypanosomiasis wculd
be expected to be more anaemic than those infected with schistosomiasis.
In trypanosomiasis a high positive corrclation ( r. 0.94, P<0.001 )
was found between splenomegaly and the number of trypancsomes,/ml of
blood and this may cxplain the buge splenomegaly observed in the
infection (fig. 26).

A drastic reduction of serum complement was found in rats

infocted with T.lewisi ( Nagle et al, 1974 and Jarvinen et al, 1976 );

almost totzl loss of the complement activity during the same infection
was reported by Jarvinen et al ( 1976 ), In the present study a similar
roducticn of serum complement was found in mice infected with

T.rhodesicnse. This reduction was not related to either the increase

in the splenic weight or the increase in the number of trypanosomes/ ml
of blood and waa not associated with severe anaemia. It would appear,
thereforg, that in trypanosominsis, complement {8 consumed in some
immunological processes along with the one producing anaemia., This

process may be in the central nervous system or elsewhere. This




suggestion compares favourably with the suggestion of Kobayakawa et al
( 1979 ) that polyclonal antibody plays an iminuno-pathological role in
the development of lesions associated with African trypanosomiasis,
including those in the brain. However, the massive deposition of com-
plement ( C3 ) in the rcnal glomeruli in mice infected with T.rhodesiense,
( Kabil et al, 1979 ), may also help to explain the marked fall of serum
complement obscrved in the infection. This fall in serum compiement pre-
cedes its appearance in the kidneys by at least one week ( takle 21 ),
Thus, after complement has diminished perceptibly in the serum, time
may be rcquired before complement or complement containing immune-
complexes accumulates in sufficient amounts to become detectable in the
renal glomeruli.
In trypanosomiasis, there is no external blood loss, and splenomegaly
is thought to have minimal effect on anaemia, and the circulating trypano-
somal antigens have already been detected in both human and experimental
trypanosomiasis ( Fruit et al, 1977 ). It would appear, therefore, that
the complement-mediated haemolytlc mechanism suggested by Woodruff
( 1973 ) and Woodruff et al ( 1973 ) is the main mechanism for anaemia }
in trypanosomiasis as in schistosomiasis. ?
Finally, the donor patient from whom the trypanosomes were i{solated ‘
had a complement level of 135 mg/dl and a control had a complement level ’
of 156 mg/dl; both levels are normal. Nevertheless, all the Infectcd animals, |

after the Incubation poriod, had maurked reduction of their complement levels.

This difference between man and animal in their complement levels may be athibuted
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f different tolerance or duration of the infection. Perhaps it the mice

lived long enough, their complement levels would again have risen.




Tablc 18

Corrclation motrix for mice infected with T.rhodesiense

it Hb

2 .933. PCV

3 742 .839 Complement

4 ~.794 -.826 ( =.662 ) Sp/Bwt

S ~.783 -.788 { —.556 ) . 944 Tryps
1 2 3 4 5

All values of (r) are significant at the 5% level or less, except

when between brackets ( P n.s. ).

1i0

—

-




Table 19
Comparison between the slopes of the regression coefficients

of mice infeccted with S.mansoni and T.rhodesicnse

Sources of variations Slopes D.F. t P

Hb V Complement

1. S.mansoni : 560 cercariae 0.1945 25 1.77 n.s,
100 X 0.2395 19 2.59 <0.02
150 a 0.1083 24 4,50 £0,001

2. T.rhodesiense 0.1083 26

Hb V Sp/Bwt

1. S.mansoni : 60 corcariae ~2.4275 25 2.13 < 0.05
100 Ui -5,6030 19 5,73 < 0,001
150 H -3,9608 24 6.88 <.0,001

2. T.rhodesiense -0.8388 26
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Fig.( 22 )

Normochromic anaemia in mice infected with 150 Cercariae of S.mansoni
and mice infected with T.rhodesiense.

e = = 1.rhodesiense
Controls

2 3 4 5
Weeks of infection after incubation period




Haoemoglobin gm / dl

16

14

12 .

Fig. ( 23)

Regression slopes of haemoglobin and Complement in mice
infected with =50 Cercariae of S.mansoni; and mice infected with

o

T.rhodesiense and Controls.
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Fig.( 24 )
Hb Haemoglobin and Complement values in mice : S.mansoni 150 Cercariae
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Fig.( 25 )

1 Fall of Complement and haemoglobin in mice infected with
150 Cercariae of S.mansoni and mice infected with T.rhodesiense.
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Fig. ( 26 )
True Splenomegaly in mice infected with T.rhodesiense and their Controls
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Fig. ( 26 )
True Splenomegaly in mice infected with T.rhodesiense and their Controls
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Fig.( 27 )

Regression slopes of haemoglobin and true Splenomegaly in
mice infected with 150 Cercariae of S.mansoni and mice

infected with T.rhodesiense and Controls.
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PART 6

COMPLEMENT MEDIATED NE PHROPATHY

AND LIVER LESIONS IN SCHISTOSOMIASIS

AND TRYPANOSOMIASIS
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CHAPTER 1

IMMUNOFLUORESCENT TECIINIQUE

Complement ( C3 ) in kidneys of patients ( Hoshiro - Shimizu
et al, 1976 ) and of mice ( Mahmoud et al, 1975 and Natali et al,

1976 ) infected with S.mansoni is known to be deposited and in this

study earlier observations were extended. Serum complement levels
| were found to be decreased in mice infected with S,mansont and

dramatically reduced in mice infected with T.rhodesiense.

The purpose of this work was, therefore, to dotermine:-

1. Whether complement containing immune complexes are

deposited in the renal glomerull during infection with

trypanosomiasis as in schistosomiasis.
2. Whether such deposition, in schistosomiasis and if any In

trypanosomiasis, is associated with or responsible for the

I hypocomplementaemia observed in vivo.

MATERIALS AND METHODS

Pilot experiment

4 '
; |
'& As a control for the fluorescein staining technique, a pilot !
|

experiment was performed. Adult schistosonmes, efther whole or in

pieces, were used in order to save the kidney and liver tissues, Tho
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worms were put into the wells of a microtiter plate at 37°C and stained
for 40 minutcs with either:

1, Fluorescein conjugated anti-mouse C3 sera,

2. TFluorescein conjugated aati-haman immunoglobulin.

3, Plain fluorescein solution.

All were diluted to 1 in 40 with PBS,

Worms were then washed in PBS for 30 minutes and counter-stained
with Evans blue 1 to 10,000 for 5 minutes, then washed several times
in PBS; mounted on slides and examined by a U.,V, microscope.
Results:

Most of the female but not the male worms stained with
fluorescein conjugated anti-mouse C3 sera showed clear fluorescence
of their tegument ( fig. 28 ) and some of their eggs ( fig. 29 ).
Fluorescence was also noticed when the worms were incubated with
anti-human immunoglobulin and palin flourescein but the resulis were
varisble. Fluorescence was readily abolished by the adiition of Evans
blue in those stained with anti-human immunoglobulin (fig. 30 ).
However, this did not regularly happen in those stained with the plain
fluorescein solution which appears to stain the whole field ( fig 31 ).

From this experiment, it was concluded that using anti-mouse ‘

C3 fluorescein conjugated sera may be a reliable mothod for dotocting l
!

complement dcposits in mouse tissues.




Figure 28

mg" Female S.mansoni adult worm with anti-mouse ( C3 ) deposited

on its tegument

"b" Male S.mansondi adlult worm showing that anti-mouse (C3)

deposits are absent




Figure 28

Mg Female S.mansonl adult worm with anti-mouse ( C2 ) deposited

on its tegument

"b" Male S.mansoni adult worm showing that antl-mouse (C3)

deposits are absent



Figure 28

g Female S.mansoni adult worm with anti-mouse ( C2 ) deposited

on its tegument

"b" Male S.muonsoni sdult worm gshowing that antli-mouse ( C3 )

deposits are uabsent




Figure 29

Anti-mouse ( C3 ) deposited on the egg of S, mansoni inside the

female worm |




Figure Y

Anti-mouse ( C3 ) depogited on the egg of §. miansonl iuside the

female worm

-




Fizure 29

Ant -raouse ( C3) deposited on the ege of S.mansoal lnside tc

female worm




Figure 30

—
|
b
‘ -
|
i

Anti-human ( C3 ) on the tegument of a female worm, The

fluorescence abolished by the additon of Evans blue

Figure 31

Female worm stained with plain fluorescein solution




‘ Aati-human ( C3 ) on the tegument of a female worm. The

fluoreacence abolished by the additon of Evans blue

Ficure 31

=

Femule worm stained with plain fluorescein solution




IFisure 30

Awati-human ( C3 ) on the tegument of a femalc worm. The

fluorescence abolished by the additon of Evans blue

Ficure 31

Fomale worm stained with plain fluorescein solution




Test

A method similar to that of ( Ehrich et al, 1972 ) was used to

After the mice were

stain and examinc the kidneys and the livers.

killed, kidneys and livers were removed instantly, snap-frozon in

o
liquid nitrogen and kept at -30 C. When processed, sections of 4Um

were cut in a cryostat and kept on siliconed glass slides at -25°C.

To remove serum proteins non-specifically bound to the tissue the

slides were washed with phosphate buffered saline PH = 7.2 ( PBS )

for 15 minutes. The slides were subsequently stained for 40 minutes

with a 1 in 40 dilution of PBS of fluorescein labelled swine anti-

mouse C3 sera ( obtained from Nordic Pharmaceutical Ltd., Tilbury ).

The slides were then washed with PBS for 30 minutes to remove the

Contrast staining by Evans blue at

excess of non-conjugated stain,

the usual concentration of 1 to 1,000 ( Niel et al, 1971 ) for 3

minutes followed by washing in PBS 3 times 5 minutcs sach was

found to be satisfactory as a background. The slides were then

mounted in buffered glycerol mounting medium pH 7.2. The sections

were examined (using a Leitz fluorescence microscope with U.V. blue

illumination Jand photographcd. The test was carried out on kldneys

and livers obtained at various regular intervals after the infections

were induced. A similar technique was regularly performed on

uninfected mice. Plain fluorescein was also used to stain some

kidney sections of mice infccted with T.rhodesiense.




RESULTS

Kidneys

a. Schistosomiasis

Complcment was demonstrated in the kidneys of most infected

animale after different periods of infection. Thosc infected with 50

or 100 cercariac exhibited complement in their kidneys after 12 or
13 weeks of infection ( figs. 32 and 33 ). Complement was demon-

strated as early as the 8th week of infection in those infected with

150 cercariae ( fig. 24, control - fig. 35; tablo 20 ).
More glomerull showed fluoresence ( measured by counting the
pumber of fluorescent glomeruli per Low Power field ) in the kidneys
of the mice infected with 150 cercariae than in the kidneys of the
other two groups ( table 20 ).

b. Trypanosomiasis ]
Two weeks after infection glomerular fluorescence was observed
fn most of the mice kidneys ( table 21 and fig. 36 ). Different patterns
of fluorescence ( inmegular patches ) were also occaslonally obsorved
( fig. 37 ) in the kidneys stained with plain fluorescein. As with

schistosomiasis, the drop in complement preccdes the fluorescence

of the glomerull.

2. Livers ( both infections ) |
None of either the infected or control mice livers examined showed

specific tissue fluorescence. However, all the livers of mice infected




with S.muansoni showed a fluoresconce pattern similar to a

schistosomal egg.

The flucrescence was mostly in the centres of

granulomas ( figs. 38 and 39, contrcl - fig. 40 ). Fluorescence
of schistosomal eggs inside the female worm when stained with
fluorescein anti--mouse ( C3 ) sera was reported cariier by Kabil

( 1976 ).

Association between complement activity in the serum and nephkropathy

In schistosomiasis:

It was noticed that the specific presence and prevalence of
glomerwlar fluorescence was assoclated and almost directly propor-

tional to the increase in both the dose and duration of infection ( table

20 ). It was noticed also that the fall of complemecnt levels observed
with the infection usually preceded the deposition of complemcnt in the
renal glomerull ( table 21 ).
Only one of the control animal's kidneys exhibited fluorescence
when stained by the sera used.
In trypanosomiasis:

The very low complement levels observed with the infection was

associated with greater prevalence of glomerular fluorescence than

that observed with schistosomiasis. Similar to schistosomiasis, the
glomerular fluorescences increased with the progress of infeciion

( table 22 ).




The diffcrences betwcen the rcsults in both schistosomal and

trypanosomal infectious and those of the control scries are

summarized in ( table 23 ),

The main site in the veticuloendothelial system for

sequestiration of the damaged red cells, with C3 adhered to them,

was suggested by Brecwn et al, ( 1979 ), to be the liver, but in the

work here reported no complement deposits were detected in the

liver. However, fluorescence of schistosomal eggs in the cenires of

the granulomas was obvious In all the groups of infected mice.

This probably resulted from the high antigenicity of the eggs ( Pelley

et al, 1976 ), thus antibodies together with complement would be

It would thus appeoar

present in large amounts on the egg surface.

that the complement molecules may pass the liver tissue but fail to

filtar through the renal glomeruli, hence its absence in the formeor

and presenze in the latter.

The absence of complement deposits from the liver granuliomas

rejects the suggestion of Warren et al, ( 1967 ) and Hang et al, ( 1974)

that granuloma formation around schistosome eggs is a manifestation

of delayed hyperscnaitivity reaction. Such granulomas might be

inflammatory because if it is immunological in nature the presencc

of complement deposits would be expected In it,



Table 20

deposits in their rcnal glomeruli/the total number examined

Number of mice infected with S,mansoni with immunofluorescent

of cercariae

Infecting number

Weeks

after

infection

i1 - 13

14 - 16

18 - 19

50

0/4

2/4
2/4
4/4

1/4

3/4
3/3
3/4

0/4

3/3
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Table 21

Mean complement levels percentage/mean prevalence of immuno-
fluorescent deposits demonstrated in the reral glomeruli in mice

infected with S.mansoni and controls

Iufecting number Weeks after infection
8 - 10 11 - 13 14 - 16

of cercariae 18 - 19

17.9/ve~- 16.3/ve+ 12.5 /ve+ 9.9/vet++

11,6 /ve- 7.0/ve++ 8.7/ et | ceemem

8.0/ve++ 5.6/ veti+ 7.5 /vet+i+

43.9/ve- 47.8/ve - 42,7 /ve- 44.2/ve~




Table 22

Nephropathy and complement activity in mice infected with

T.rhodesicnse and their controls

Sources of Weeks after infection |

variations Antmals
¥ 1 2 4 6 | 7

Infected

Controls

2. Pre- Infected

valence

Controls ve- ve- ve- ve- ve-

Infected

Controls

Number of animals with immunofluorescent deposits in their
renal glomerulli/number of animals examined

Prevalence of immunofluorescent deposits in the renal glomeruli

Mean complement levels percentage



Table 23
Summary of the differences in the results between schistosomiasis,

trypanosomiasis and the controls

Infection 1. Number 2. Prevalence 3. Complement %

50%

Schistosomiasis

75%

Trypanosomiasis

Controls

1. Percentage of the animals with positive glomerular
deposits out of the total number examined.
2, Mean of prevalence of glomerular fluorescence.

Mean complement levels percentage.




Figure 32

Anti-mousc ( C3 ) depcsited In a renal glomerulus of a mousc

"a'"" J.ow power Magnification 1 : 488

Magnification 1 : 800

'"b'" High power




Figure 32

Anti-tnouse ( €3 ) depcsiied in a renal glomerulus of a mouse

""" T.ow powcr Mognification 1 : 488

b  High power Magnification 1 : 800



nal glomerwlus of a mou

LAJ

a'" Low power Mognification 1 : 488

""" IHigh power Magnification 1 : 800




Figurc 33
Anti-mouse ( C3 ) depesited in 3 renal glomeruli of a mouse

infected with 100 cercariae of S.mansoni for 10 weeks

"b" High power




Figure 33
Anti-mousc ( €3 ) depesited in 3 renal glomeruli of a mousc

infected with 100 corvcuriae of S.mansoni for 10 weceks

3" Low power

"Hh'* High power






Figuwre 34

Anti-mouse (C3 ) deposited in 4 renal glomeruli of a mousc

infected with 150 cercariae of S.inansoni for 10 weeks

"a"" Low power

b High power
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Figuwre 34

Anti-mouse (C3 ) deposited in 4 rennl glomeruli of a mouse

infocted with 150 cervcariae of S.inansoni for 10 weeks

"a" Low power

"b!'" Hlzh power




e '} L] [ ]
]
Figure 34
Anti-mouse (Cs ) deposited in 4 vonol glomeruli of a mouse
:

oni fer 10 weeks

infeeted with 150 cercariae

"a'" Low power

"b"  High power




Ficure 35
Absence of anti-mousc ( C3 ) deposits in the renal glomeruli

of a control mouse

"al‘l

Low power

"B Iligh power



Absence of anti-mouse ( C3 ) deposits in the renal glomeruli

of a control mouse

Mot
a

Low power

"b" High power



Absence of anti-movse ( C3 ) deposits in the reunal glomeruli

of a control mouse

Ha' Low power

"b!" iligh prwer
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Figurc 36
Anti-mouse ( C3 ) deposited in 6 renal glomeruli of a mouse

infected with T.rh i for 3 weecks

gt  Low power

bt High power




Ficure 36

Anti-mouse ( €3 ) deposited in © renal glomeruli of a mouse

infected with T.rho ensa for 3 weoks

"a" Low power

'"v'* High power
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Ficure 37

Kidney section of a mouse infected with T.rhodesiense for 3 weeks

| showing different pattern of " patches " of fluorescence when stained

l with plain fluorescein solution




Fioure 37

Kidney section of a mouse infected with . rhodesiense for 3 weeks

showing different paticrn of " patches " of fluorescence when stained

with plain fluorescein golution




TFigure 58
Anti-mouse ( C3 ) deposited on the cgg surfacz in the centre of a
liver granuloma of a mouse infected with S.mansoni, The ( C3)

deposits were absent from all liver tissues.

ng"  Iow Power

'H't  High Power

Shows nbsence of fluorescence from the granulomatous tirsuo.




I'igure 38

Anti-mouse ( €3 ) doposited on the czg surfacs ia the centre of a

liver graawloma of a raouse infected with S.mansoni. The ( T3 )

deposits were ubsent from all liver tissues.

"g" Low Power

't Hygh Power

shows absence of fluoreacence from the granviomatous tiszue.




"a'" Low Power

b Migh Power

of fMuoreseconce from the granviomatous tissue,

Shows absened




} Figurc 39
: ‘ Anti-mouse ( C3 ) deposited on all the egg surface with ihe spine
E | in the centre of liver granulomas of a2 mouse infccted with S. mansoni
1

| "' Low power [

l» r
1l |
l‘ |
lli |

| |
| i
1

| '"b'* High power




Anti-mouse ( Cs ) deposited on all the egg suriace with ihe spine

in the centre of liver granulomas of 2 mousc infcetod with S.mansoni

"y Low power

"h'' High power




Anti-mouse ( Ci ) deposite 1 on all the ege swrfiace with Wi Splix

in the centre of liver granulomas of ¢ mouse infeceled with S, mansoni

o' Low power

" High power




Figure 40
Liver section of a control mouse stained with anti-wmouse ( C3)

fluorescein solution

g J,ow power

b High power
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Figure 40
Liver section of a control mouse stained with anti-mouse ( C3 )
i
! fluorescein solution

gt Low power

S S ————

"p" Nigh power




..
‘
:
TRit! 10
Yigure 10
| Liver section of a control m statned with antl-wouse ( €3 )

fluoerescein solution

""q'' Low power

b High power




CHAPTER 2

DISCUSSION AND ANALYSIS OF THE RESULTS

The findings reported in this part of the study confirm the presence

of complement deposits on the renal glomerulus in mice infected with

S.mansoni., In heavily infected animals ( 150 cercariae ) such deposits

were demousirated 8 weeks after infection, while these doposits developed

more slowly in the enimals infected with 100 or 50 cercariae. With

lighter lnfection ( 25 cercariae ), complement deposits appeared on the

renal glomeruli after 40 weeks of infection as found by Mahmoud et al,

( 1975 ). This was as early as the 7th week of infection in mice

infected with 80 - 100 cercariae as suggested by Natali et al, ( 1976 ).

In support of these proposals, the experimental model described in the

present study showed that complement deposits on the renal glomcril J

increascd directly in proportion to the duration and the dose of Infection,

The renal glomerular deposits also increased as the serum

complement levels fell, There are several mechanisms whereby tho

complement depletion could be associated with the ronal lesions. In

patients with acute post-streptococcal pephritis, the acute nephritic

serum causes ( C3 ) breakdown and this reaction could be responsiblo

for the fall of secrum complement level ( Williams ot al, 1972 ).

However, meany workers consider that, as found in large grcups of

patients with renal discases, prolonged rcduclion in serum complomcut




can cause the so-called hypocomplementaemic persistent nephritis ( The

Lancet, 1972 ). Brown et al ( 1970 ) suggested that in rabbits

the ( C3 ) dependent lysis of the red cells in the circulation

probably .causes release of the complement from the damaged red

cell membrane. Our observation is that the fall in complement

levels occured before it had been possible to demonstrate complement

This, however, might merely

deposits in the renal glomeruli.

indicate that complement had by that time not accumulated on the

glomerular membrane in sufficient quentities to be demonstrated-

probably because large quantities of it are first adsorbed on the more

extensive erythrocytic membrane. It is suggested, therefore, that

the complement depcndent haemolysis of red cells demonstrated by

Woodruff ( 1973 ) occurs first and this consuming complement and

depletes it from the serum. With the progress of infection, the

haemolysis increases and complement containing deposits start to

appear in the renal glomerull, . Complement deposition then causes

renal lesions in 60% of the ani:nals 3 - 4 weeks later ( Natali et al,

1976 ). Thus, the renal lesions associated with the infection are

unlikely to consume sufficiont complement to be responsible for the

fall in serum comploment. Other causcs of primary nephrosis in

schistosomiasis such as the renal amyloidosis reported by Omer et

al, ( 1976), have been rejccted by workers studying large groups of

Such lesions were only found in

patients ( Sadigursky et al, 1976 ).



10 out of 60 renal biopsies obtained from nephrotic subjects with
schistosomiasis ( Barsoum ct al, 1979 ). The development of
amyloidosis on top of schistosomal nephrcpathy may be explained in
accordance with the concept originally proposed and developed by
Telium ( 1964 ), and subsequently modified by other workers

( Mandema et al, 1968 ), that immunologically competent cells,
when overwhelmed by persistent antigenic stimulation resort to more
primitive or alternate pathways of protein synthesis leading to the
formation of amyloid. In patients with hepatosplenic diseasc caused

by S.mansoni infection evidence of glomular lesions of immunological

origin was reported by Rocha et al ( 1976 ).

In patients with S.mansoni, immunoglobulins ( Da Silva et al, 1970 );

complement containing immune complexes ( Hoshino-Shimlzu et al, 1976 )
and probably complement only via glomerular ( C3 ) receptors ( Girard
et al, 1977 ) became demonstrable on the renal glomeruli. It would
appear, therefore, that tho glomerular lesion in schistosomiasis
( Sabour et al, 1972; Rocha etal, 1976 ) result from immumological |
injury to the kidneys with primary renal dysfunction.
The complement deposits in renal glomeruli in mice infected
with T.rhodeslense are reported in this study for the firat time.
Almost similar results to those found in schistosomiasis were cbserved |

here, but the fall in serum complement levels and complement deposits

in the renal glomerull were greater in trypanosomiasis.
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PART 17

THE ROLE OF COMPLEMENT IN THE PRODUCTION

OF ANAEMIA IN HUMAN SCHISTOSOMIASIS




ROLE OF COMPLEMENT IN THE CAUSATION OF

ANAEMIA IN HUMAN SCHISTOSOMIASIS

From previous studies, and work oa animals in the preceding
chapters, there is a wealth of cvidence indicating that in mice infected

with S.mansoni anaemia with a haemolytic componeunt develops. In

order to asscss whether this mechanism is applicable to patients with
schistosomiasis it was decided:
1, To examine the question whether the serum complement level
is normal or not in such patients.
2. To determine whether thero is any relationship between serum

complement and the haemoglobin level in those patients.

Methods and persons studied

In the Department of Tropical and Endemic Diseases, Ain-Shams
University Hospitals, Cairo, Egypt, 18 adult Egyptian patients were
selected for this study. Of these patients 14 had active S.mansoni
and 4 had active S.haematobium infections and all were known to bo
anaemic and had splenic enlargement, but no other illness.

Serum from those patients, together with 18 Egyptian controls
who had no schistosomliasis, were examined for their complement

levels.

The hacmoglobin values of all patients and controls were




determined by the cyanmethaemoglobin wisthod ( Dacie et al,, 1975 ).

Serum complement was measured quantitatively by the radial

immunodiffusion technique of Mancini et al, ( 1965 ). Using

commercially prepaved agar gel plates containing specific anti-human

( C3 ) sera ( list number 83161, ICL scientific, 18249 Euclid,

Fountain Valley Calif, 92708 ). The test was performed as follows:

1. The frozen serum was left at room temperature for 15 - 20

minutes then mixed thoroughly after thawing and before withdrawing

the test sample.

Using disposable calibrated capillaries with a wire plunger.2 uL

samples of the test sera and standard reference sera containing

known amounts of complement (75,150 and 300 mg/dl) were

withdrawn and delivered into the wells of the plates.

The plates were then incubated in a moist chamber at room

temperature for 48 hours and at the end point the diameters of

the precipitation rings woré measured to tenths of a millimeter

by a precision viewer using indirect lighting.

Ring diameters of the three reference sera ( fig. 42 ) were

measured, squared and plotted as a standard curve ( fig. 41).

They were compared with squared ring diameters produced by

sera from patients and controls ( fig.42 ). These diameters

were dircctly proportionate to their complement contents which,



Fig. (&1 )
Standard Curve of measure (C3) values in man by a radial immunodiffusion test.
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by refering to WHO standards. was expressed in international units/ml,

Results

1. Mean_complement and haemoclohin levels in patients and controlse

Patients:
The mean serum complcment levels for the 18 patienis was
90.27 me/dl with a standard error of the mean ( S.E.)

of 3.48. Their hacmoglobin was 8.85 meg/100 ml ( S.E. 2.08)

( table 24 ).
Controls:
The mean complement levels of the 18 controls was 134.22

me/dl ( S.E. 7.34 ), Their mean haemoglobin was 14.83 gm/

100 ml ( S.E. 0.12 ).

Owing to the small number of patients infected with S.haematobium
no test of significance between them and those infected with
S.mansonl was valid. ;

The individual values of the haemoglobin and complemecnt levels
for the patients and controls arc ghown in table 24 and table 25.
The differences bctweoen both complement and both hacmoglobin

valucs for the patients and the controls are revealed by the two

gample comparison t-tests to be significant at the 0.1% level

( table 28 ).




Relationship between the hacmoglobin values and serum complement

levels in the patients and the controls

In the patients with schistosomiasis, there was a marked relation-

ship between complement and haemoglobin levels ( r. 0.89 )

significant at the 0.1% levels ( table 26 ).

Low complement levels

were associated with low haemoglobin valuos ( fig. 43 ).

In the controls, there was no such relationship ( r. 0.38 and

P n.s. ). Thus 3 separate controls with haemoglobin values of

14.4 gm/100 ml or more had respectively complement levels of

102, 136 and 195 mg/dl ( table 25 and flg. 43 ) .

Discussion and Conclusion

Complement components 5 to 9 ( C5-C9 ) are now recognized to

constitute the membrane attack mechanism ( Gbtso et al, 1970; Kolb

The eighthand the ninth ( C8-C9 )

Arroyave et al, 1973 ).

et al, 1972;

in particular are considered to'be the responsible components for

bringing about the damage to the erythrocyte surface ( Woodruff,

1973 ). In the same study ( Woodruff, 1973 ), it was emphasized

that ( C3 ) is the most readily recognized complement component on

the red cell surface, some hundreds of particles of ( C3 ) becomo

attached to the red cell surface for each C4-C2 complex preseat on

it. Moreover, there is good evidence from in-vivo studies that
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( C3 ) is the essential complement component for promoting uptake
of complement coated red cclls by the reticuloendothelial system

( Brown et al, 1970 ), Furthermore, it has been reported that

immunoglobulins ( IgG, IgM and many cold antibodies ) are capable

of red cell destruction by fixing ( C3 ) on the red cell surface or by

direct ( C3 ) mediated intravascular lysis ( Hoffbrand et al, 1975 ).

Finally, it was reported that ( C3 ) is the bulk component of the

complement system and all the reactions of the system can bo con-

veniently related to its cleavage ( activation ), inactivation and

subsequent part in the causgation of lytic lesion and of the biological

phenomena ( Lachmann et al, 1978 ). Hence, the importance of ( C3 )

as a reliable measure of serum complement activity.

In the present study it was found that patients with low complement

( C3 ) levels are thosc with low haemoglobin values and vice versa.

Thus, there is evidence that in schistosomiasis complement is con-~

sumed and consequently its coricentration in the serum tends to be

lower than in normal controls. This consumption of complement may ‘
have been on the red cell surface with consequent hacmolysis lcading
to the observed anaemia as suggested by Woodruff ( 1973) and Suad
( 1978 ).

A fall in ( C3 ) levels has been reported in patients with salmon-

ellosis and schistosomiasis ( Farid et al, 1972 ). There have,
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however, becn no previous reports on the rclationship between serum
complement and the haemoglobin in patients with schislosomiasis,
Cheever ( 1969 ) found that livers of mice infccted with cne pair of
S.mansoni worms for one year contained 75 times more eggs/gm
than livers of most heavily infected "asymptomatic' humans. Gillett
et al ( 1978 ) also found in mice infected with S.mansoni that the
plasma chclesterol and phospholipids were significantly reduced,
while in patients with S. mansoni only plasma cholesterol was reduced.
However, syndromes similar to human hepatosplenomegaly, portal
hypertension and anaemla have been described in mice infected with
S.mansoni ( Warren et al, 1958 ). In the prosent study, the
relationship between complement and haemoglcbin in both infections

is similar, It is, therefore, suggested that the haemolytic mechanism

for anaecmia is closely analogous in both human and animal schisto-

somiasis.




Table

24

The individual values among the patients with Schistosomiasis

Sex

Infected with

Complement mg/dl

Haemoglobin g /100ml |

Number | Age
1. 16
i 17
3. 23
4. 23
5. 24
6. 26
7. 26
8. 30
9. 32

10, 32
11, 34
12. 35
13, 38
14. 40
15. 19
16. 36
17. 39
18. 63

BB REMTRMEI"H 2" B E R

S.mansoni

52
90
88
104
75
102

5.2
9.6
8.2
10.8
6.9
9.0




Teble 25
The individual values among the controls
Number Age Sex Complement mg/dl | Haemoglobin gin/100 ml
1 s 24 M 136 14.4
2, 24 M 126 14,9
3. 24 M 202 15.8
4, 25 M 150 15.4
i 5. 26 M 102 13,2
} 6. 28 M 150 15.4
‘ e 29 M 195 14.4
| 8. 29 M 155 15.6
’ 9. 29 M 160 14,5
’ 10. 29 M 145 14,8
11, 36 M 155 15,2
12, 37 M 110 15.9
13, 46 M 115 15.2
14, 52 M 98 14.9
15. 58 M 102 14.5
! i6. 28 F 105 13.8
i 17. 34 F 106 14.6 !
18. 42 F 104 14.5
Mean 33 134,22 14,83
S.E. 2.3 7.34 0.12
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Table 26

Statistical differences between the results of patients with

schistosomiasis and their controls

o Correlation Coefficient .
‘ variations Patients Controls
Hb gm/dl P <0,001
P < 0,001 P n.s.
Complement P <0,001
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Figure 42

A radial immunodiffusion test showing ring diameters of patients

with schistosomal anaemia and controls

"a" 1, Patient serum 4, Reforence serum 300 mg/dl
2. Patient serum 5. Reference serum 150 mg/dl
3. Control serum 6. Reference serum 75 mg/dl

b 1, Patient serum 4, Patient serum
2., Patient serum 5. Conirol scrum

3. Patient serum 6. Control serum




!' Figurc 42

A radial immunodilfusion test showing ring diameters of patients

with schistosomal anacmia and controls

ng!' 1, Paticnt serum 4. Refcrence scrum 390 mg/dl
2. Patient serum 5. Refercnec serum 150 mg/dl
3. Conirol serum 6. Refcrence scrum 75 mg/dl

b 1. Patlent sorurm 4. Patient serum

2. Patient scrum 5. Conirol scrum

3. Patient scrum 6. Conirol scerum
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Fig ( 43 )
Correlation between haemoglobin and Complement
in patients with Schistosomiasis and Controls.

°
o
Patients
r.89
o P<0.001
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PART 8

THE ACTIVITY OF SERUM COMPLEMENT IN NON-
ANAEMIC PATIENTS WITH SCHISTOSOMIASIS WITH

SPECIAL REFERENCE TO THE EFFECTS OF

TREATMENT
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CHAPTER 1
SERUM COMPLEMENT LEVELS IN NON-ANAEMIC HUMAN S, MANSONI

AND S, HAEMATOBIUM INFECTIOMS, WITH SPECIAL REFERENCE TO

THE EFFECTS OF CHEMOTHERAPY

In anaemic patients suffering from S.mansoni and S.haematobium

infections, serum complement levels were reduced and there was strong
positive relationship between such reduction and the fall in the haemo-
globin values. For control purposes it was decided to examine the
complecment levels in non-anaemic patients with schistosomiasis and the

effect of treatmment on such levels.

Persons studied

The sera samples were provided by co-operation between the
Department of Clinical Trupical Medicine, Hospital for Tropical
Diseascs, London University and the Department of Mecdicine, Faculty ‘
of Medicine, University of FKhartoum, Sudan. Out of 159 patients,
sera samples brought frozen from Sudan, 41 samples were seclscted.
Thoss chosen fulfilled the following criteria:
1 - Abscnce of anaemia - the group included only 1 or 2 persons

with anaemia.

2 - Abscnce of malaria and intestinal parasitic infcction.




3 -~ The patients had reported for follow-up 6 weeks after successful
hycanthone treatment with a single intramuscular dose of 3 mg
per kilogramme body weight administered in hospital.

All patients had active schistosomiasis, those with S.mangsoni

infection had the intestinal, hepatic and hepatosplenic clinical forms

of schistosomiasis.
Using the radial immuno-diffusion method previously described
in Paxt 7 of this thesis ( Mancini et al, 1965 ), complement levels

( C3 ) were measured in the patients before and after treatment, and

also in 33 local Sudanese controls ( figure 44 ).

RESULTS

The patient's haemoglobin values, complement levels before

and after treatment, together with complement levels in the
1 Khartoum controls are shown in table ( 27 ) for males, and table
( 28 ) for females. g

In the female patients the complement levels before treatment

were significantly more than those levels of the female oontrols

{ ( P<0.05 ), After treatment, tho complement fell but not to a

: significant level. However, the significant difference between the

complement levels of the patients in the pre-treatment stage and

those levels of the controls became not significant after treatment

( table 29 ).
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In the male patients, the complement levels before treatment
were also more than thosc levels of the male controls ( means of
serum complcment were 141,7 mg/dl, S.E. 4.8 and 131 mg/dl,

S.E. 3.7 respectively ) but the difference between those levels was
not significant., After treatment the complement levels fell signifi-
cantly ( P< 0,01 ), and the difference with the controls remained
not significant ( table 29 ).

Most of the male ( 72% ) and the female ( 67% ) patients showed
a fall in their complement levels after treatment. Moreover, there
was no significant difference between the male and female patients
as regards their complement levels either before or after treatment
( table 29 )., However, in order to study the effects of the age; sex
or infection on the paticnt's complement levels, they were divided
into groups according to their age,and the differences in the com-
plement levels of the pre- and post-treatment stages were measured
for each age group ( table 30 ). In the patients with schistosomiasis
mansoni this difference in the complement levels between one age ‘
group and the other, or within the same age group ( i.e. between
males and females ) was not significant, However, the total ,
difference in the complement levels of all the male patients, or all .

the patients, was significant ( P<0,02 and P <0.05 respectively ); ’

In the femalo patients, such difference was not significant. All the
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patients with schistosomiasis hacmatobium were in the first age
group ( 0-2% ycars old ); the difference between their complement
lovels and such levels in the patients with schistosomiasis mansoni
in the same age group was not significant. However, the
differences in the complement levels for all the palients with
schistosomiasis haematoblum was significant ( P <0.05 ). In fact,
this statistical analysis has, therefore, jindicated that neither the
age, sex nor the infection (S.mansoni or S.haematobium) affects
the complement levels in the patients with schistosomiasis reperted
in this study.

The difference between the haemoglobin values of the male and
female patients was also not significant.

In view of thesc consliderations, all the data was used as one
group. Comparing the patients with the controls, significanfly high
levels of complement ( C3 ) were scen in the patients before, but
not after treatment ( P <0.05 and P n.s. respoctively, table 29 ).
Meanwhile, there was no significant relationship between the haemo-

globin values and serum complement levels ( r. 0.22, P n.s.,

figure 45 ).
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Table 27

; Results of the male patients and the male controls

! P atients Controls ]5
| Number - ‘
‘ Age | Infected with |Hb gm/al | Complement mg/dl ;Complenient
1 { 2 "l mg/dl
1 17 S, mansoni 12,8 177 148 121
2 8 | " " 13.3 116 137 131
3 18 | " " 6.0 189 142 137
4 20 | L 15.1 127 111 137
5 20 | " n 12.3 131 157 121
~ 6 21 | " 16.7 127 116 111
i 7 22 | ® 16.0 127 116 142
8 2SRRI i 14.7 142 137 142
9 2¢ | " " 12.9 131 137 137
10 26 | " i 14.9 154 142 165
i 11 28 | " " 13.6 116 116 137
s 12 2 | " " 13,1 106 101 148
13 29 | v " 16,7 183 121 121
14 29 | " " 17.3 106 121 87
16 30 " it 14,9 127 101 142
16 30 | " " 15,2 121 110 116
17 30 (" " 16,1 157 142 148
; 18 32 |» " . 14.6 177 148 142
19 3% | 1 14.4 111 116 107
g 20 36 | " " 13.6 131 116 142
21 a8 | " " 14.0 183 167 116
| 22 50 | " " 15.2 177 154 131
1- 23 14 | S.haematobium | 12.7 148 127 -
' 24 19 | W 0 16.2 127 137 -
25 19 | v £ 14.9 195 171 -
26 20 | " " 16,0 137 127 -
27 21 | " 14.4 101 97 -
28 21 | it 15.2 167 | 187 - ;
29 23 | " . 15.6 127 107 ‘ - -
| ! {

Complement : 1 Before treatment
2 After trcatment




Table 28

Results of the female patients and the female controls

P atients Conirols

Infected with |Hb gm/dl Complement mg/dl { Complement
1 ) mg/dl

S. mansoni 8.3 137
12.5 148
13.6 121
13.8 154
14.4 142
13.4 116
11.2 157
12.3 107
12,2 131
12.9 121
16.1 127
S.haematobium ! 13.1 -

© ® N O O op W N M

- e
- o

[
[

Complement : 1 Before treatment
2 After treatment




Table 29

Differences between all the results of the patients with S.marsoni and S,haematobium infections and

their controls
|
| Haemoglobin Complement mg/dl ,
No. of | Sources of & £ ‘o' Intestion gm/dl ; !
Y Befgre ter = | !
cases| variations |Mean |S.E.)| S,man.|S hae Mean | S.E.| treatment treatment | % showing | “p ‘
; \J
Mem S.E, P |Mems.E.|P| ™ | |
| R e ]
| . ! |
29 Male patients 25.9 |0.63 22 7 | 14.4 |0.39 |141.7 :4.8 ln.s. 130.0’3.4-1 08| 72.4 <0.01 |
22 Mals controls - - 0 0 - - |131.0/3.64 131.0 3.44, |
1 % =y |
=73 [t | ,
| {
12 Female patients | 27.3 {0.23 11 1 | 12.8 |0.54 145.9%3.1 139,1!4,63 ‘n 3 86.7 wa
11 | Female controls| - | - | © o| - | - 132.8'4,9%% j132.8 149 | |
| | | | |
| l
Males & Pat, P n.s. l *
74 P n.s. - n.s. n.s. P n.s. | -
1 Females | “ EICont.P n.8.
! ‘ |

#P Paired observation t-test

P Two samples t-test

91
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30

Differences between the complement levels in patients with schistosomiasis before and after treatment with

regard to their age, sex and infections

Sources of
Variations

S.mansont
Males
Females
All
P

7.3
0.67
4.7

(9)
(6)
(15)

%y 49
4.0 (2)

13.9

(11)

n.s.

24.5
15.0
21.0

(2)
(1)
(3)

12 (22)
-1 (11)
7.8 (33)

n.s.

S.hagmatobium

9.9
21.0
11.3

(7)
(1)
(8)




Firrure 41
A radial immunodiffusion test showing the ring diameters of patients

with schistosomiasis before and after treatment and controls

mgt 1, Conirol serum Reference sera
2. Patient serum before ($:109 mg/dl )

treatiment Reference sera

( 300 mg/dl )

3. Reference sera
( 76 mg/dl ) Normal PBS

3 and 5 paticnts sera before treatment
4 and 8 sera obtalned from the same patients after

treatmont
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Filrure 41
A radial tmmunodiffusion test showing the ring diameters of patients

with schislosomiasis before and after treatment and controls

ma 1, Conirol serum 4., Reference sera
2. Patient scrum bcfore (150 mg/dl )
treatiment 5. Relerence scra
3. Refercnce sera ( 300 rug/dl )
( 7% mg/d ) 6. Normal PBS

lb"

i - 13 3 and 5 patients sera before treatment

ii = 2;4 and 6 scra o%iaincd from the same patients after

trentment




Haemoglobin gm / dI

Fig {(45)

Correlation between haemoglobin and Complement in
anaemic and non-anaemic patients with Schistosomiasis

e Sudanese patients
r =022
P n.s.

O Egyptian patients
r. 89
P< 0.001

. 3

&0 80 100 120 140 160 180 200

Serum Complement levels mg / dl
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CHAPTER 2
DISCUSSION AND COMPARISON BETWEEN ANAEMIC AND NON-ANAXMIC

PATIENTS WITH SCHISTOSOMIASIS

There has so far been little work on the effect of chemotheragy on the
serum immune response in schistosomiasis. Our prescont finding,
however, has indicated that in non-anaemic patients with schistosomiasis
a significant rise in serum complement ( C3 ) occurs. After treatment
a significant fall in ( C3 ) levels also occurs, thus it does not differ
significantly from these levels in the controls. Dennis et al, ( 1972 )
found cither a significant fall or no significant changes in serum
anti-body titre in patients with schistosomiasis. More recently,
Camus et al, ( 1977 ) found a significant decrease in humoral

response in palients freatad with splenectomy and worm filtration

but not with splenectomy only. :

Complement fixation in vivo is8 commonly expresscd by decrease
of the serum complement ( C3 ) levels as noticed in paticnts with
glomcrulonephritis and systemic lupus erythematosus ( Gottoff et al,
1969 ); In patlenis with salmoncllosis and schistosomiasis with

anaomia ( Farid et al, 1972 ) and in paticnis with schistosomal

anasmia ( Kabil et al, 1977 ). In the present study, however, the
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ordinury immune response of complement consumption with anaemia
appears, at times,{o be overcompensated for both the fall in complement
and the anaemia.

Basgsily ct al ( 1972 ) suggested that an incrcase in immuno-
globulin G ( IgG ) and immunoglobulin M ( IgM ) occurs in patients
with schistosomiasis. In the same samples of sera used in the
present work, a significant increcase in ( IgG ) and ( IgM ) in the
pre-treatment stage was found, A rise in ( IgG ) and a decline in
( IgM ) levels have heen found 6 weceks after successful treatment
with hyacanthone, but the diffcrent between pre- and post-treatment
levels was not significant ( Salih et al, 1978 ).

This decline in ( IgM ) and the fall of ( C3 ) foliowing the
treatment may be inter-related. The high ability of ( IgM ) mclecules
to bind complement is known and has been reported several times,

( Woodruff, 1973 and Hoffbrand et al, 1975 ), The molecule of

( _IgM ) has also been suggested to be more efficient than other
immunoglobulin molecules in initiating the complement activity

( Frank etal, 1977 ). The fall in serum complement ( C3 ) and

( IgM ) In the post-treatinznt stage could be, thercfore, a response
to an immunological mechanism attacking the dying and dead worms.

Such mechanism is not unlikely, as the maximal adherence of white

cells to schistosomules is only achleved in the proaence of antibody




and complement ( i.c. with immune sera from patients with chronic
S.mansoni infection ). Even with complement alone ( i.e. normal
gera ), this adhercnce was stetistically indistinguishable from that
with the immune sera ( Ottesen et al, 1977 ).

The data reported in the present study confirm and extend
our carlier obscrvation that anaemia in schistosomiasis is associated
with a decline in serum complement concentration. Thus, in the
non-anoemic Sudanese patients examined here, the complement levels
were normal. The absence of anaemia might be a result of the
infections being mild, or perhaps the patients had acquired their
schistosomiasis long enough and had gradually developed resistance
and immunity against it. The gradual development of immunity to
aschistosomiasis has becen suggested by Smithers et al ( 1969 ).
This immunity may also be related to the phenomenon on self cure
as suggested by Smithers ( 1972 ), thus the patients may have
doveloped a compensatory anae.mia.. This suggestlion is probably
in agreement with the finding reporied by Walker et al ( 1954 )
that in fit workers with echistosomiasis mansoni, there was no
significant degree of anaemia.

Whatever the reasons are for the absence of anacmia, however,

it may be useful to compare those results with those obtained from

anaemic Egyptian patients with achistosomiasis. The positive




relationship between the haemoglobin values and serum complement
levels was highly significant in the Egyptian paticnts ( P < 0.001

and controls P n.s. ). In the Sudanese patients, there was no

such relationship ( P n.s. ) ( Fig. 45 ). Strong evidence of a fall

of hacmoglobin associated with a fall of complement is, therciore,
confirmed,

It is important, however, to note that many of the Sudanese
paticnts had splenic enlargement without anacmia. ©On the other
hand, all the Egyptian patients had splenomegaly and anagmia. It
seems very likely, thercfore, that splenomegaly per se is only a
contributory factor in the causation of anaemia in schistosomiasis.

Our findings have not previously been reported, but they
compare favourably with those obtained by other workers who
found complement activity could cause red cell lysis in many

fllnesses and particularly in schistosoraiasis ( Woodruff, 1973 and

.

Suad, 1978 ).
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TROPICAL SPRUE - IS IT A

COMPLEMENT-MEDIATED SYNDROME ?

T e S



COMPLEMENT ACTIVITY IN MALABSORPTION

SYNDROME ( TROPICAL SPRUE )

In schistosomlasis and trypancsomiasis, it has been consistently
shown that complemant is an important factor in mediating damages
to cell membranes upon which it is deposited. This observation
stimulated further interest into whether similar damages occured
in sprue. Much of the interest arises from the challenge of the
unkcown actiology of sprue, but perhaps equally significant is the
fact that in both schistosomiasis and sprue anaemia is almost
invarisble.

For these reasons, it was thought possible that the dectermination
of the complement levels in spruc €ould be a clue to the fundamental
manifestations associated with the small bowel disorder.

PERSONS STUDIED

Among patients admitted to the Hospital for Tropical Diseascs,
Univerwity of London, in 1977-1978 for investigation of abdominal
pain, flatulence, diarrhoea and loss of weight, six with tropical !
sprue were selected for this study. The dizgnosis of tropical sprue

was confirmed by careful study of the patients to estublish the

presence of intestinal malabsorption. Four of theso pationts were




British and had acquired spruc abroad during overland trips to Asia,
The other two paticnts were Indian, one of them known to have had
sprue for one ycar. Three of the British patients had Giardia

intestinulis infection proved by stool examination or duodenal

intubation, the other thres patients were free from the infection
at the time of admission to the Hospital.

The haemoplobin and the PCV values of these patients were

measured according to the methods of Dacie et al ( 1975 ) described
in part 2 of this thesis. The complement ( C3 ) levels were
measured by the radial immunodiffusion test of Mancini et al
( 1965 ) described in part 7, ( fig. 46 ). Six equivalent controls
were also examined for their haemoglobin, PCV and complement

levels.,

RESULTS

The patients examined were not anaemic. The differences
between the haecmoglobin, PCV and MCHC values of the patients
and the controls were not significant as revealed by the t-test

( table 31 ). The patients were found to have lower serum com-
plement levels ( mean 108 mg/dt, S.E, 9.3 ) than the controls

( mean 152 mg/dl, S.E, 6.4 ) ( fig. 46 ). Using the t-teat, the

difference between the complement levols In both the patients and




the controls was significant at the 2% lcvel ( table 31 ). There

was no relationship between this low complement level and either

of the haemoglobin or the PCV values ( P n.s. ), probably as

the anaemia was absent.

DISCUSSION AND COMPARISON WITH SCHISTO-

SOMIASIS

Although all the patients examined in this study were symptematic,

they were not anaemic. One of them was known to have had sprue

for about one year and she was receiving treatment for anaemia,

the others had not acquired sprue for long enough to become anaemic.

Nevertheless, serum complemcnt was found to be decreased in all

An analogous saturation has

these patients to a significant level.

been observed in patients with leprosy ( Saha et al, 1976 ) and the

question of complement consumption remained unanswered., However,

the fall of serum complement in sprue may be fmportant in view of

The initiating agents

the many doubts existing about its actiology.

are still unknown, so in some instances at least it may be an

effective agent, possibly bacteria as suggested by Leishman

The association of mal-~

( 1945 ) and Mathan et al ( 1968 ).

absorption syndrome with G.intestinalis infection in some previously

healthy adults ( Hoskins et al, 1967; Tewari et al, 1974 and

Ridley, 1974 ) and in paticnts with immunoglobulin deficiency

————



(Brown et al, 1972 ) is now well established. Treatment of

G.intestinalis with a drug like tinidazole was said to eradicatc

the infection and symptoms like loss of weight, milk Intolerance

and mucoid stools disappcared, ( Salili ¢t al, 1977 ). Neverthe=-

less, in the prescent study, those patients who had no G.intestinalis

infection appecared to have Jower serum complement levels ( mean

95.7 mg/dl, S.E. 25.7 ) than those who had it ( mean 120.7 mg/dl,

S.E. 14,8 ), but the difference was not significant., However,

these patients with lower serum complement and who had no

G.intestinalis infection for at least a year, were still suffering

from sprue,

In view of these many reports and findings about sprue, it

is almost certain that it is not a single disease entity, but a

syndrome of multiple aectiology and probably multiple pathogenesis,

The fall in scrum complement in sprue might share, therefore, in

Comparing the fall in

bringing sbout the absorptive djsorder,

scrum complement in both sprue and schistosomiasis ( fig. 47 )

might yield useful information about the pathogonesis of sprue.

In schistosomiacis, the fall in serum complement was

elther associated with an immunological mechanism bringing

about anuemia and nephropathy or the result of another immuno-

logical mechanism attacking the schistosome worms after treatment.

Thus, the consumption of complemcni in schistosomiasis is a



result of an immunological process in which complement and

probably ( JgM ) are associated in mediating damage to cells

and membranes. The consumption of complement in spruec

could also be a result of an immunological mechanism bringing

about damage to cells and membranes responsible for absorption

and leading to malabsorption. This suggestion agrees favourably

with the findings of Ridley et al ( 1976 ) that in patients with a

short history of glardiasis and modecrately severe jujenal lesions,

( IgM ) molecules were deposited on jujenum surface more than

other antibodies. Jarnum et al, ( 1968 ), observed normal or

slightly raiscd levels of serum ( IgM ) in 8 patients with untreated

tropical sprue. Samuel et al, ( 1970 ), also observed low levels

of ( IgM ) in some patients with tropical sprue. Misra et al

( 1976 ) further observed that in 25 patients with tropical sprue,

the rest had normal levels of serum ( IgG ) with either raised or

reduced ( IgM ) levels,

These reports about the activity of serum ( IgM ) in tropical

sprue together with consumption of complemcnt observed by the

present study are probably related. Thus, similar to the association

between serum complement and ( IgM ) in mediating cell damage in

schistosomiasis ( Woodruff, 1973 and the present study ), in sprue

serum cocraploment could also be associated with ( IgM ) in an

immunological mechanism damaging the absorptive cells on the

intestinal surface.




Table 31
The results of patients with malabsorption syndrome (tropical sprue) and their controls

Patients Mb gm/dl PCV% M CHC% Complement mg/dl

|
Age Nst, Sex .int, Pat. | Con, Pat. Con. Pat, Con, Pat. | Con, |

22 . 15.5 41,0 35.5 36.3 84 164
28 16.3 . 45.0 34,7 150
31 14.1 . . 51.0 . 34.0 158
23 12,5 46.8 172
12.1 . 40.0 126

15.6 . 43.0 144

14,4 44.7




Figurc 46
A radial immunodiffusion test showing ring diameters of patients

with tropical sprue and controls

1. Reference serum 300 mg/dl 4, Control serum

2. Reference serum 150 mg/dl 6. Patient serum

3. Reference serum 75 mg/dl 6. Patlent serum
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Ficure 46

A radial immunoditfusion test showing ring diameters of patients

with tropical sprue aad controls

1. Reference serum 300 mg/dl 4, Control serum

2. Reference serum 150 mg/dl 5., Patient serum

3. Referencc serum 75 meg/dl 6. Patient serum




Serum Complement mg/dl

200

Fig.( 47 )

Comparison betwsen the haemoglobin and Complement

Mean levels in patients with Schistosomiasis and patients

with Sprue and Controls.

Controls Schistosomiasis(non-anaemic)

Schistosomiasis(anaemic)

12
Haemcglobin mg/dl




PART 10

SUMMARY AND CONCLUSION




SUMMARY AND CONCLUSION

Anaemia is slmost invariable in schistosomiasis, and is more

prominent in those with nutritional deficicncies. Various mechunisms

have been cited in an effort to identify the causation of anaecmia.

Thus, chronic blood loss, splenomeguly, schistosomal toxins and

Reviewing these hypotheses, it

haemolysis have been implicated.

was con cluded that the fundamental concept for anaemia in schistoso-

miasis includes an immunoclogical mecchanism which holds serum

complement responsible for erythrocyte hacmolysis ( Woodruff, 1973 ).

The main object of the present study was, therefore, to try to

answer the question whcther complement mediated haemolytic

mechanism plays an important part in the genesis of anaesmia In

schistosorniasis. Thus, the work was designed to study anaemia,

splenomegaly, nephropathy and liver lesions in relation to serum

complement activities in micec infected with S.mansoni and to compare

these results with those of other mice infected with T.rhodesiense.

The rclationship botween the haemoglobin values and complement

(C3 ) lovels in anaemic and non-anaemic patients with schistoso-

miasis was also studied with reference to the effect of choemotherapy




on complement levels. Complement levels in tropical sprue

were also siudicd, as it was suspected that malabsorption in
sprue might result from a mechanism also involved in causing
anacmia in schistosomiasis and trypanosomiasis.

In three groups of mice infected witn 50, 100 and 150

cercoriae of S.mansoni, anaemia was found to be mainly ncormo-

chromic, slthoingh in some mice there was evidence of a slight

ot
dogree of hypochromasia. This is‘}iu sgrcement with the findings

of Mahmoud ( 1971 ).

He suggested that the anaemia is hypochromic, Using two-way
cnalysis of variance, the severity of anacmia was found to be
cqually deperdent on both the dose and the duration of infection,

This compared favourably with the finding reported by Sauod ( 1965 )
and Suad ( 1978 ). The blood {iims exqarined showpd ovidence of
polychromasia, a slight degrze of mucrocytesis and of 3oine
fragmented cells. This picturf; , particularly with the prcsence

of the fragmented cells, suggests that the anacmia 3s haomolytic

in nature ( de.Gruchy, 1973 and Ilcfibea d el d, 1878 ).

The role played by the spleen in the development of anacmia

was investigated, First splenomcgnly was exprossed as the woight

the sploen represented as a percentage of its body welght.

Splenomegaly was found to increased iu parallel with the anacmia



and with the increcase in both the dose and duration of infcction.

A significant rclationship was thus found between anacmia and

splenomegaly. This did not, however, indicate that splcnomegaly

is the main cause for anaemia.

Anaemia was reported in
splencctomised mice when infected with S.mansoni ( Mahmoud
et al, 1972 ).
A method was developed to measure the complement levels
in the mice sera by employlng some modifications to the radio-
active immuphazmolytic technigue of Roscenberg et al ( 1962 ).

Compared with controls, complement was significantly diminished

in the infected mice. Even in mice infccted with 150 cercariae

it was less than in those infccted with 50 cercariae. ILike the
relaticnship found between anaemia and splenomegaly, anaemia
was also significantly related to the decrcase in complement levels.
Comparing these two positive reclationships has indicated thac the
degree of anacmia is more associated with the variation of the

complement levels than with the increasc jn splenic wolight.

Those results were compared with tho similar results

obtained from mice infected with T,rhodesicnse. In trypanoso-
miasis, anaemia was normochromic and less sovere than the
anaemia observed with schistosomiasis. Complement lovels were

drastically reduced. Similar reduction was reportod in rats infected




with T.lewisi ( Jarvinen et al, 1976 ). This fall in serum

complement was ncither related to the increase in the splenic

weight nor to the increase in the parasitacmia in the blood.

An almost perfect relationship has, however, been found betwcen

the incrcase in the splenic weight and the increasc in the

number of trypanosomes/ml of blood. This suggests that the

remarkably larger spleens observed in the infection could result

from an immune rcsponse to the large numbers of trypmanosomes

present in the blond. However, desnite the mwuch larger spleens

observed in trypanosomiasis ay compared with those of schistoso-

miasis, anacmia was less scvere in the former than in the latter.

This observation suggests that splenomegaly per se is not the

main cause for anacmia in both infections. Splenomegaly is a

result of the destrucifon of erythrocytes rather than a cause

of the destruction.

Kidneys and livers of mice from bboth infections were examined

by a fluorescence test for the presence of complement ( C3 ).

Complement deposits on the renal glomeruli were present in both

infections, though in trypanosomiasis thore was more than in

schistosomiasis, This may be relat:d to the dramatic fall in

scrum comploinent observed in trypanosomiasis. In the two

fufections, it has been observed that the fall in serum complemoent




( C3 ) is associated with its deposition in the renal glomeruli.

However, the fall in ( C3 ) levels precedas such deposition by

at least 1 or 2 weeks. This time may be nccessary for the

complement deposits to accumulate in sufficient amounts ox to

block some of the renal glomeruli or to activate the compiement
receptors probably present as that described in the human kiduey

by Girard et al ( 1977 ). The presence of ( C3 ) deposits on the
glomeruvli of kidneys in mice infected with S.mansonl was also re:po:tcd
by Mahmoud et al ( 1972 ) and Natali et al ( 1976 ).

In the liver, complement deposits were only present on the
eggs lodged ticre and were also found on the eggs inside the
fomale worms. It was thought that the high antigenicity of the eggs
provokes an immunological reaction on their surface in which
complement ‘Is actively fnvolved. The effect of such reaction could
fnitiate the formation of granuloma around the cggs. This observa-
tion, together with the absence of ( C3 ) deposits from the liver
granulomas, has {ndicated that the granulomatous responsc in

schistosomiasis is rather inflammatory and not immunological in

nature,

Despite the difficulties in poerforming human studies, it was
particularly important to do it in view of the different aspects of

pathology observed botwecen human and experimental schistosomiasis




( Cheever, 1969 and Gillett et al, 1978 )..

Thus, two groups of

paticnts with active S,mansoni and S.hacmatobium infections,

toge:her with equivalent local controls were examined with

respect to their haemoglobin and complement ( C3 ) levels.

The complement ( C3 ) levels were measured by the radial

immuno-diffusion method of Mancini et al ( 1965 ).

The first group werc of Egyptian anaemic patients in whom

the ( C3 ) levels were found to be significantly lower than those

of the controls, 7The second group comprised Sudancse non-anaemic

patients, A strong positive relationship between the haemoglobin

values and ( C3 ) levels was found in the anaemic patients, but

neither in the controls nox in the non-anaemic patients.

Contrarily, those non-anacmic patients had significantly higher

values of ( C3 ) than thelr local controls. Six weeks after

successful trcatment with hycanthone, their complement levels

declined significantly from its pre-treatment levels and at that

time did not differ significantly from such values in the controls.

Good evidence of a fall of haemoglobin with consumption of com-

plement was obtalned.

1t was noticed that many of thc Sudanese patients had

splenomegaly without anacmia, and all the Egyptian patients

had splenomegaly with anaemia. It scemed likely, therefore,




that splenomegaly may only be a contribulory factor towards the
causation of anacmia in humun as in experimental schistosomiasis.
In the same Sudanese sera, ( IzG ) and ( IgM ) have also becn

measused by other workers in the same department ( Salih et al,

1978 ). Significantly higher levels of both { IgG) and ( IgM ) wore

found before trcatment. In the post-treatment stage, ( IgM ) only

fell, while ( JgG ) even rose though the rise did not differ signifi-

cantly from its pre-ireatment levels. The greater ability of ( IgM )
molecules than of the other immunoglobulin molecules to bind com-

plement has been reported several times ( Woodruff, 1973;

Hoffbrand et al, 1975 and Frank et al, 1977 ). It was thought

then that the fall of complement and ( IgM ) in the post-treatment
stage is not coincidental anditcould be a response {o an immuno-
logical mechanism whereby the dead and dylng worms are attucked.
Such a mechanism 1s not unlikely as ( C3 ) deposits have already
been detocted on the female wc;rm tegument ( Kabil, 1976 ).
Moreover, the maximal adherence of white cells to the schistosomes
has been repoxted only to be achieved in the presence of complement

( Ottesen et al, 1977 ).

Haemoglobin and complement ( C3 ) values were measured In
patients with tropical sprue. The patients were not anacmic and

there was no rolationship botween their haemoglobin and coniplement




levels, though their complement levels were significantly lower
than in the controls. This fall in ( C3 ) levels was apparcntly
greater than in those patients who had no active infections with
G.intestinalis., It has been suggested that the malabsorption
syndrome decvelops in patients with immunoglobulins deficiency
(Brown et al, 1972 ). It has also been suggested by the prescnt
study that the fall in complcment ( C3 ) levels in patients with
schistosomiasis results from immunolojzical mechanisms associated
either with anaemia or the effect of treatment on the schistosomes.
‘Thus, in spruec there could be also some other immunological
mechanism consuming complement. The present study ralses
the posgsibility of an immunological mechanism bringing about the
malabsorption, This mechanisin probably brings about changes on
the intestinal mucosa. In those changes complement is involved
and consumed. It is therefore suggested that further investigations
of the intestinal tissues of pati;ants with tropical sprue may,therefore,
yield useful information on the aetiology of small bowel syndrome in
the tropics.

From all this wark taken together, it is concluded that in
human as in experimeontal schistosomiasis, a haemolytic component
develops during the coursc of the infection. During the infection

complement is actively involved and consumed and the role played



by splecnomegaly is only contributory, The wider picture of this

hacmolytic process may include the presence of complenient

deposits on the renal glomeruli, The same mechanisms with

gome differences also occur in trypanosomiasis. In tropical

spruc the immunological process consuming complement probably

takes place mosatly on the intesiinal mucosa rather than on the

erythrocyte surface.




PART 11

BIBLIOGRAPHY




BIBLIOGRAPHY

Abaza, II.H., Hammoud, N. and Abd-Rabbo, H., (1978}, "Chemotherapy

of schistosomal colonic polyposis with oxamniquine', Trmns. R. Soc,
Trop. Med, Hyo., 72, 6, 602-04,

Andrade, S.G., (1964), "Splenic changes in experimental schistosomiasis.
I. Study with marsupialized spleen™, Hospital (Rio), 66, 773-81,

Andrade, Z.A., (1962), "Aspectos experimcentals da esplencmegaolia da
esquistossomose', Rev. Inst. Med, Trop, Sao Paulo, 4, 4, 249-55.

(English summary, 18 lines.)

Andrade Z.A., Andrade, S.G. and Sadigursky, M., (1971), ""Renal
changes in patients with hepatosplenic schistosomiasis", Am. J. Trop.

Med. Hyg., 20, 1, 77-83.

Andrade, Z.A., Andrade, ¢, G. and Susin, M., (1974), "Pathological
changes due to inassive schistosomal infectlon in man, A case pre-
gentation', Rev. Inct, Mod, Trop. S20 Paulo, 16, 3, 171-17.

Andracde, Z.A. and Susin, M., (1974), 'Renal changes in mice infected
with S.mansoni", Am. J. Trop. Med, Hyg., 5%, 3, 400-03.

Andrade, Z.A. and Warren, K.S., (1¢64), '"Mild prolonged schistoso-
miasis in mice : Alternations in host response with timo and the
development of portal fibrosig', Trans. R. Soc, Trop. Med., Hvg.,

58, 1, 53-57.

Archibald, R.G., (1933), "The endemiology and epidemiology of schisto-
somlasis in the Sudan', J. Trop, Med. Hyg., 36, 345.

Armitaze, P., (1971), nStatistical methods in medical research'', John
Wilev and Sons, New York.

Arroyava, C.M, and Miiller-Eberhard, J.H., (1973), "Interactions between
human C5, C6 and C7, and their functional significance in complement~-
dependent cytolysis', J. Iwmunol., 111, 536-45.

Assoku, R.K,G, Tizard, 1., and Niclsen, K.H., (1977), "Frec foity
acids, complemen ¢ activation, and polyclonal B-ccll stimulation as
factors in thc immmunopathogonesis of African trypanosomiasis'’, The

Lancet, 956-58.

Awny, A.Y., (1962), "Clinicopathological changes in bilharzial hopalo-
splenomegaly", Progc, 1st. Intern,

Symp. Bilharzinsis, Catro, PreJi, 196-29



193

Azmy, S,, Gaafar, M,A. and Noshokati, H., (1934), "Observations on
anacmia in Egypt", J. Trop, Med. Hye., 37, 20, 311-1C.

Badawi, T.,, Abu-~Zcina, A,, El-Sawy, M., Abdel-Fattah, M, M, ,
Badawi, H,, Kilany, S. and Hassab, M.A,,. (1976), "The cffects of
decongestion operation on renal haemodynamies in patients with bil-
harzial hepatic fibrosis and ascites™, J, Trop, Med, Hys., 79, 9,
201-204,

Baquir, H,, (1977), 'Epidemiclogy of schistosomiasis in Iraq in 1973
and 1974 with special reference to schistosomiasis population studies',
Bull. Eundemic Discases, 10, No.1-4, 51-62.

Barsoum, R.S., Bassily, S., Soliman, M,M,, Ramsy, M.F., Milad,
M. and Hassaballa, (1979), 'Renal amyloidosis and schistosomiasis",
Trans. R, Soc. Trop. Med. Hyg., 73, 4, 367-74.

Bassily, S,, Highashi, G.I., Farid, Z. and Williams, R.E,., (1972),
""Serum immunoglobulins Schistosomiasis mansoni", J. Trop. Med.
Hyg.. 75, 73-75.

Berggren, W.L, and T.H. Weller, (1976), 'Immunoclcctrophoretic
demonstration of speccific circulating antigen in animals infected with
Schistosoma mansoni", Am. J. Trop. Med. Hyg., 16, 5, 606-13,

Bomford, R., Mason, S. and Swash, M., (1978), ''Clinical methods",
16 ed., 14445, Bailliere Tindall, London,

Bordet J., (1898), '"Sur L'agglutination et la dissolution des globules
rouges pur le serum d'animaux injectes de sang defibrine', Apn, Inn.
Pastour, Paris, 12, 688-95, °

Borsos, T., Rapp, J.H. and Mayer, M.M., (1961), '"Studies on the
second component of complement., I. The resction between EAC'1, 4
and C'2 : evidence on the single site mechanism of immune hacmolysis
and determination of C'2 on a molecular basis, J. Immunol, 87, 310-25,

Brown, D.L,, Lachmann, P.J. and Dacie, J.V., (1970), "The in vive
behaviour of complement-conted red cells : studies in C6-deficient,
C3-~depleted and normal rabbits', Clin. Exp. Immunol,, 7, 401-22,

Brown, G.C., (1943), "The compiement activity of mouse serum',
J. Immunol,, 46, 319-23,




Brown, W.R., Butterficld, D., Savage, D, and Tada, T., ( 1972),
"Clinical microbiological and immunological studies in paticnts with
immunoglobulin deficicncies and gastrointestinal disorders™, Gut,

13, 441-49,

Bruninga, G.L., (1971), "Complement - A review of the chemistry and
rcaction mechanisms', Am. J. Clin. Path., 55, 273-82.

Camus, D., Carlier, Y., Capron, M,, Bina, J.C., Figueircdo, J.F.M,,
Prata, A, and Capron, A,, (1977), '"Immuological studics in human
schistosomiasis. I0. Immunological levels, antibodiecs and delayed
hypersentivity'", Am, J, Trop. Med. Hyz., 26, 482-90,

Cheever, A.W,, (1969), 'Quantitative compgarison of the intensity of
Schistcsoma mansoni infections in man and experimentz]l animals',
Trans. R. Soc, Trop. Med. Hyg., 63, 781-095.

Coles, A.C., (1902), "The blood in cases affccted with filariasis and
Bilharzia hematoria', Brit, Med. J,, 1, 2158, 1137-38.

Dacie, J.V. and Lewis, S.M,, (1975), "Practical haematology', S5th ed.,
pP.30—41, Churchill Livingstone, Edinburgh, London, New Yoxk.

Da Silva, L.C., De Brito, T., Camargo, M.E,.,, De Boni, D.R., Lopes,
J.D, and Gunji, J., (1970), "Kidney blopsy in the hepatosplenic form
of infection with Schistosoma mansoni in man', Bull, Wid. Hlth, Cra,,

42, 907-10,

Day, H.B., (1911), '"The blood changes in bilharziasis, with special
reference to Egyptian anaemia", The Lancet, 2, 4602, 1328-32,

de. Gruchy, G.C., (1973), "Clinical haematology in medical practice',
. 8rd ed., 44, 87, 92, 95, 298, 326, Blackwell Scientific Publications,

Oxford.

Dennis, D.T., Hiroshi Tanaka and De Ramos, W., (1972), "Complement-
fixstion reaction In schistosorniasis : quantitative studlies'", Janan. d. Exp.
Med.. 42, 5, 445-50,

De Maar, E.W.J,, (1979), "The new policies of WHO in research for new
tools to control six major tropical diseases', Trans. R. Soc. Trop. Med.
Hyg.. 73, 2, 14749,




De Raadt, P., {1976), "African slceping sickucss today', Trans. R. Soc,
Tron. Med. Hvg., 70, 2, 114-16,

Deschiens, R., (1972a), 'Les grands barrages fluviaux tropicaux.
Corollaires epidemiologiques', Nouvelle Presse Medicale, 1 (31) :
2057-59.

Deschicns, R., (1972b), 'L'incidence de la creation des lacs de retenue
des grands barrages afiicuains sur les endemics paracifaires. Etude
comparce du Lac d'Akosombo sur la Volta Noire (Ghans) et de Lac
Nasser sur le Nil (Egypt, Soudan)'", Bull. dc la. Soc. Puth, Exot.,

65 (2) : 210-63,

Dec Witt, W.B, (1957), '"Effects of Schistosoma mansoni infections on the
ability of mice to digest and absorb fats and proteins', d. Paragitol,
43, 32.

De Wilt, W.B, and Warren, K.S., (1959), 'Hcpatosplenic schistosomiasis
in mice", Am. J. Trop, Med. Hyg,, 8, 440.46

Ehrich, J,H,H, and Voller, A,, (1972), "Studies on the kidneys of mice
infeeted with rodent malaria. I. Deposition of gamma-globulins in
glomeruli in the early stage of the disease", Z. Tropenmed, Parasit.,
23, 147-52,

¥isen, W. and Loveday, C., (1973), '"Effects of Suramin on complement,
blood clotting, fibrinolysis and kinin formation'", Brit. J. Pharmac.,
49, 676-87. p—

El Dewi, S., Debawi, E. and Habib, A., (1957), "Preliminary report
on some of the haematological aspects of hepatosplenic biitharziasis in
Egypt", Gaz. Kas. El-Aini. Fac, Med., 23, 52.56

El Halawani, A,, Al-Waidh, M. and Sald, S.M,, (1970), '"Scrology in
the study of tho relationship between S.hsematobium infestation and
cancer of the urinary bladder', Brit. J. Urol., 42, 580-85.

El On, J. and Greenblatt, C.L. (1976), '"Anaemia deveicpment and
sorological changes In rats infected with Trypanosomsa lewisi treated

with cyclophosphamide', Trans, R, Soc, Trop, Med, Eyg., 70, 1,
193 ,

Farid, Z., Bassily, S., Schulert, A.R., Raasch, F., Scind, A.S,
El Rooby, A.S. and Sherif, M., (1967), '"Blood loss in chroric

Schistosoma_mansoni infection in Egyptian farmers", Trans, R, Soc,
Trov. Med. Hyg., 61, 5, 621-25,




Farid, Z., Bassily, S., Schulert, A.R., Zeicd, A.3., McComnell, E,
and Abdel Wahab, M,F., (1968), "Urinary blood loss in Schistosoma
_ligglnltopjggp_ infection in Egyptian farmers", Trons, R. Soc. Trop.
Med. llyu,, 62, 4, 49G-500.

Farid, Z., Higashi, G.IL., Bassily, S., Young, S.W. and Sparks, H.A.,
(1972), "'Chronic salmonellosis, uriaary schistosomiasis and massive
proteinuria’, Am. J. Trop. Med. Hye,, 21, 5, 578-81,

Farid, Z., Schulort, A., Bassily, S., Nichols, J.H., Guindy, S.,
Sherif, M. and Rzosch, F., (1966), '"Bilharzial splenomegaly in
refractory anaemia', Brit. Med. J.,=11, 153,

Faroog, M., (1967), "Progress in bilharziasis control. The situation
in Egypt', WHO Chronicle, 21, 175-84.

Farooq, M, (1969), “"pre—control investigation in bilharziasia", J. Trop.
Med, Hyg., 72, 1, 14-18.

Farooq, M. and Mallah, M.B., (1966), "The behaviour pattern of social
and religious water -contact activities in the Egypt—49 bilharziasis project
area', Bull. Wid. Hith. Org., 35, 377-87.

Farcog,M., Nielsen, J., Samaun, S.A., Mallah, M.B. and Allam, A.A.,
(19€6), "The epidemiology of Sehistosoma hacmatobjium_ond S.manseni

infections in the Egypt-i9 projecct area''.
2. Prevalence of bilharziasis in relation to personal attributes and

habits.
3, Prevalence of bilharziasis in relation to certain envivonmental

factors.
4. Mcasurement of the incidence of bilharzlasis (Faroog, M. and

Hairston, N.G.)

¥Frank, M.M., Schreiber, A.D., Atkinson, J.P, and Joffe, C.d., (1977),
"Pathophysiology of immune homolytic ancmia', Annal. Taternol . Med, ,

87, 210-22.

Frri-Hanscn, B., (1961), "Anacmic and parasitic infestations in African
children in Northern Nhodesia', J. Trop. Med, Hvg,. G4, 10, 223-50.

Forsdyke, D.S., (1973), 'Serum factors af fecting the incorporation of
(3H) thymidine by lymphocytcs stimulated by antigon., 1. Evidence
for a rols of complement from studies with heated serin'', immuno-~
logy. 25, 597-612,

Yoy, H, ani Nelson, G.S., (1963), "Helminths in astiology of anuemia ln tho
troples, with apacial refereacs to Yook worms and schisfosomes', Hxp.
Parasit,, 14, 210-62,




Yischer, H. (19C7, "Automulic registration of complemnsat haemolysis
and some applications, in Internations! Symporium on Immunolozical
Mcihods of Biological S wnderd. Rov:iuimonr(9s)..:21.26,Bascl:Karger,Ny.’

Fruit, J., Santoro, F., Afchain, D,, Duvallet, G. ond Capron, A,
(1977), "Les immuncomplexes circulants dans la trypanosominso
africaine humaine et experimentale', sna. Soc, Belee, Med, Trop.,
57, 257-266.

Gillett, M.P,T., and Carvalbs, V., (1978), "Schistosoma mzansoni :
A comparative study of plasma and eiythroeyte lipid alteraticas in
the experimeuntally infected mouse and in eclected hwuman paticants",
Exp. Parasitol,, 44, 173-80,

Girard, J.¥., Ayed, K. and Druet, P., (1977), "Complement receptors
in human renal glomeruli. Further cvidence by immunofluorescerce’,
J. Immunol, .Megth., 17, 1-6,

Youth's

Girges, R., (1934), "Schistosomal secondary anaemia in Egypt.
insidious enemy', J. Egypt. Med. Ass., 17, 3, 273-84%.

Goldring, O,L., Sher, A,, Smithers, S.R, and McLaren, D.J. (1977),
"Host antigens and parasite antigens of murine ESchistosoma mea:soni”,
Trme, R, Soc, Trop. Med. Hyg., 71, 2, 144-iS,

GOtze:, O, and Muller-Eberhard, H.J., (1970), 'Lysis of erythrocytes by
complement in the absence of antibody', J. Exp. Med., 132, 898-915.

Glovsky, M. M,, Cory, M. and Alenty, A., {(1974), 'Inhibition of
Guinea-pig complement by derjvative of bcnzamidlne, I, Efflcct
of P-Nitrophenylureido derivative of (m-phenoxyproxypropoxy) ben-
zemidine on Guinea-pig complement component haomolytic activity',
Imamunology, 26, 819-29.

Gottoff, S.P,, Issaaks, E.W. and Muchrcke, R.C., and Smith, R.D.
(1869). "Serum beta-I-C globulin in giomeruloncphritis and systemic
Jupus erytheromatosus', Annals Inter. Medic,, 71, 2, 327-33,

Gregs, J.V., Hossell, C.H, and Richardson, J.T., (1964), "Mathc-
matical trend curves', ICI monograph No. 1, Oliver and Bcyd, 12-17,

Gresnham, R,., (1978), "Anacmia and Schiatosoma hasma‘obinm infzction
in the North-Eastern province of Kenya', Trans, R. Soc, Trop. Med,
Hvg., 72, 1, 72-75, .




Yischer, H., (19C?y, "Automalic registration of compleinsat hzemnlysis
and some applications, in Internationsl Symposiwm_on Bmmunological
Methods of Biolozical Sranderd. ROyaumont(i9e5),4,:221.26,Bascl:Karger,Ny.

Fruit, J., Santoro, F., Afchain, D., Duvailet, G. and Capron, A,,
(1977), "Les immuncomplexes circulants dans la trypanosomianso

africaine humaine et experimentale', Ana. Soc, Belee. Med, Trop,,
57, 257-266,

Gillett, M.P.T,, and Carvalbo, V., (1978), 'Schistosoma mznsoni :
A comparative study of plasma and elythrorg'.t(-: lipid alterctions in
the experimentally infected mouse wd iz selected human patients™,
Exp. Parasitol.,, 44, 173-80,

Girard, J.F., Ayed, K. and Druet, P., (1977), "Complement receptors

in human renal glomeruli. Further cvidence by immunofluorcscence™,
J. Immunol, ,Meth,, 17, 1-6,

Girges, R., (1934), ''Schistosomal secondary anaemia in Egypt. Youth's
insidious enemy'", ¥, Egypt. Med. Ass., 17, 3, 273-84,

Goldring, O.L., Sher, A., Smithers, S.Rx, and McLaren, D.J. (1977),
"Host{ antigens and parasite antigens of murine Schistosoma measoni?,
Tras. R, Soc. Trop. Med. Hyg., 71, 2, 144-iS,

Goétze, O. and Muller-Eberhard, H.J., (1970), "Lysis of ervthrocytes by
complemeant in the absence of antibody!, J. Exp, Med., 132, 898-915.

Glovsky, M. M., Cory, M. and Alenty, A., (1974), 'Inhibition of
Guinea-pig complement by derjvative of becnzamidine., I. Effect
of P-Nitrophenylureido derivative of (m-phenoxyproxypropoxy) ben-
zomidine on Guinea-pig complement component haosmolytic activity',
Immunology, 26, 819-29,

Gottoff, S.P,, Issaaks, E.,W, and Mueh=cke, R.C. and Smith, R.D.
(1989). "Serum beta-IC globulin in giomeruloncphritis and systemic
Jupus erytheromatosus', Annals Inter. Medic,, 71, 2, 327-33.

Gregz, J.V., Hossell, C,H. and Richardson, J.T., (1964), 'Mathe-
matical trend curves'", ICI monograph No. 1, Oliver and Bcyd, 12-17.

Greenham, R,, (1978), '"Anacmia and Schistosoma hazmanbium infzction
in ke North-Eastern province of Kenya', Trang. R. Soc. Trop. Mnrd,
Hyz., 72, 1, 72-75. .




Hang, L.M., Boros, Dov L. and Warrcn, K.S., (1974), 'Induction of
immunological hyporesponsivencss to granulomatous hypersensitivity
in Schistosoma mansoni infection', J. Iufect. Dis., 130, 5, 515-22.

Herbert, W.J, and Inglis, M.D., (1973), '"Immunization of niice agalnst
T.brucei infecction by the administration of releasced :antigen adsorbed
to erythrocytes', Trans. R. Soc. Trop. Med. Hve,, 67, 268,

s IO ]

Hoffbrand, A.V. and Lewis, S,M., (1975), '"Haematology tutorials in
postgraduate medicine', Vol.2, 1st ed., 145, 245, William Heinemann
Medical Boolks Limited, London,

Holzbach, R.T., Shipley, R.A., Clark, R.E, and Chudzik, E.B., (1954),
"Influence of spleen size and portal pressure on erythrocytc scquestra-
tion", J. Clin, Invest., 43, 6, 1125--35,

Hoshino-Shimizu, S., De Erito, T., Kanamura, H,Y,, Canto, A.L.,
Sflva, A.O., Campos, A.R., Penna, D,O, and Da Silva, L.C.,
(1976), '"Hurnan schistosomiasis : Schistosoma mansoni antigen detection
in renal glomeruli'*, Trans. R. Soc. Trop. Med. Hyg., 70, 5/6, 492-96,

Hoskins, L.C. Winawer, S.J. and Broitman, S.A., (1967), ''Clinical
glardiasis and intestinal malabsorption'', Gastro-enterologv, 53, 265-79.

Huntor, D, and Bomford, R.R., (1965), '"Clinical Methods', 14th ed.,
133, 154, Bailliore Tindall & Cassell.

Hussein, M.F., Saced, A.A. and Nelson, G.S., (1970), "Studics on hot~-
erologous immunity in schistosomiasis, 4. Esterologous schistosome
immunity in cattle. Bull, Wild. Hlth, Org.,, 42, 745-49.

Jalili, M,A. and Demarchi, M,, (1952), '""Classification of anaemia in
Irag", J. Yac. Med. Baghdad. 16, 3-4, 71-100,

Jamra, M., Maspcs, V., and Meira, D.A,, (1964), "Types and mechanisms
of anaemia in schistosomiasis mansoni', Rev. Ingt. Med, Trop, Suao,
Paulo., 6, 126-36,

Jarnum, 8., Jeejeebhoy, K.N. and Singh, B., (1968),"Dysgammaglobu-
linemia in tropical spruc', Brit, Mecd. J., 4, 416-17.

Jarvinen, J.A. and Dalmasso, A.P., (1976), "Complement in experimental
Trynanosoma lewisi Infections of rats', Infect. and Immunity., 14, 4,

894-902,




Jordan, P., (1972), "Epidemiology and control of schistosomiasis!,
Brit. Med. Bull.,, 28, 1, 55-59,

Kabil, S.M. (1976), 'Host complcincnt in the schistosomal tegument',
J. Trop., Med. Hye., 79, 9, 55-59.

Kabil, S.M. and Woodruff, A, W,, (1977), "Complement levels in
schistosomiasis', Trans., R. Soc, Trop. Mecd. Hvg., 71, 2, 291,

Kabil, S.M., Woodruff, A.W, and Pettitt, L.E,, (1979), 'Role of
complement in the production of nephropathy in trypanosomiusis',
Trans, R. Soc., Tron. Med, Hye,, 73, 3, 320,

Kenaway, M.R. and El Mawla, N,G., (1958), '"Study of the Lonc marrow
and blood in bilharizal cirrhosis of the liver before and afier splen-
ectomy, J. Egvpt Med, Ass., 41, 85-92,

Kitamura, H., Itakura, N, and Inal, S., (1976), "A new theorectical
model of immune hemolysis : Anplication to the reaction between
EAC1-8 and C9'", Immunochemistry, 13, 771-77.

Kobayakawa, T., Louis, J., Lzui, S. and Lambert, P.H. (13979),
Autoilmmune response to DNA, red blood cells and thymocyte
antigens in asscciation with polyclonal and antibody synthesis
during experiracntal African trypanosomissis'', J. Immmunol.,
122, 1, 296-301.

Kobayashi, A., Tizard, I.R.,, Wood, P.T.K,, (1976), "Studies on tho
anaemia in experimental African trypanosomiasis. II. The patho=-
genesis of thc anaemia in calyes infected with Trypanosoma congo-
lense''. Am. J. Trop. Med. Hyg., 25, 3, 401-07.

Kolb, W.P., Haxby, J.A., Arroyave, C.M. and Muller-Eberhard,
J.H., (1972), 'Molecular analysis of the membranc attack mechanism
of complement’, J. Exn, Med., 135, 549 =56,

Kolb, W.P, and NMuller-Eberhard, H.J. (1974), 'Modc of action of
human C9 : Adsorption of multiple C9 molecules to cell-bound C8",
J. Immunol., 113, 2, 479-88,

Lachmann, P,J., Hobert, M.J., and Aston, W.P,, (1973), "Complcment
technologzy'', Hand book of exporimental immunology, Vol.1, 3rd ed.,
6,1 - 5.17. ed. by Weir, D.M,, Blackwcll Scientific Publications,
Oxford. .




200

Lachmann, P.T,, and Hobart, M.J,, (1978), "Complement technology',
bandbook of experimental immunology, Vol.1, 3rd ed. 5A,1-5A.23,
cd. by Weir, D,M,, Blackwell Scicntific Publicutions, Oxford.

T e e e

Lint, T.¥., Behrend, C.IL., Baker, P.J. and Gewurz, H., (1976),
"Activation of the complement attack mechanism in the fluid phase
and its control by C567-INH:lysis of normal erythrocytes initiated
by zymosmn, endotoxin and immune complcxes, J. Immunol., 177,
5, 1, 1440-46, November,

Lumsden, W.H.R,, Evans, D,A., and Kimber, C.D., (1979), "Epidemiolos
of slecping sickness in The Gambia", Trons. R. Soc. Trop. Med. Dy, ,
73, 2, 134.

MacLeood, J., (1979), '"Davidson's principles and practice of medicine",
12th ed., 595, Churchill Livingstone, Edinburgh, London and New
York.

Machado, A.J., Gazzinclli, G., Pecllegrino, J. and Dias De Silva, W.,
(1975), '"Schistosoma mansoni : the role of complement C3-activating
system in cercaricidal action of normal secrum”, Exp. Parasitol.,
38, 20-29,

Madwar, M.A, and Voler, A., (1975), "Circulating soluble antigens
and antibody in schistosomiasis'', Brit, Msad. J., 1, 435-36.

Magalhaes Filho, A,, and Coutinho-Abath, E., (1961), "Splenic rcactions
in Swiss olbino mice to single and multiple infections with Schistosoma

mansoni", Am. J. Trop, Med, Hygz,, 19, 3, 356-84,

Mahmoad, A., (1965), "Factors involved in the genesis of anacmia
assoclated with helminthic infection', Ph.D). Thesis, University of
London,

Mahmoud, A.A.F,, (1971), "Causation of anacmia iz schistosomiasis',
Ph.D. thcsis, University of London.

Mahmoud, A.A.F, and Woodruff, A.W., (1972), '"Mechanisms involved
in the anacmia of schistosomiasis", Trans. R, Soc. Trop, Med. Hvs,,
66, 1, 75-84,

Mahmoud, A.A.F, and Woodruff, A.W., (1973), "The contribution of
adult worms to thc development of anaemia in schistosomiasis'',
Trans. R. Soc. Trop, Mcd. Hyg,, 67, 2, 171-73.




Mahmoud, A.A.F, and Woodruff, A.W., (1975), '"Renal lesions caused
by immune complex deposition in schistosomiasis", Trang. R, Soc,
Tron. Med, Illve., 69, 2, 137-88.

Mancini, G., Carbonara, A.O,, and Heremans, J4.F., (1965), "Tmmuno--
chemical quantitation of antigens by single radial immunodiffusion,
Immunochemistry, 2, 235-54.

Mandema, E., Ruinen, L., Scholien, J.H, and Cohen A.S. (1968),
"Amyloidosis", ed. Amesterdam, Excerpta Medica Foundation.

Manson, &.P., (1929), "On a case of schistosomiasis mansoni associated
with splenomegaly and anaemia ina LEuropean. The first recorded
instance from Tanganyikan territory'!, Trans. R, Soc, Trop Med,
Hyg., 22, 6, 5507-08,

Mayer, M.M., (1961), "Complement and complement fixation.(Kabat
aud Mayer experimental Immunochemistry)', 2nd ed., Chas. C.
Thomas, Springfield, Ilinois, 133-241,

Misra, R.C., Mathotra, S.K., Malaviya A.N. and Saha, K., (1976),
"Serum immunoglobulins in tropical sprue", Indicr: J. Med. Res.,
64, 2, 211-17,

Motulsky, A.G., Casserd, F., Giblett, E.R. and Broun. G.O. and TFinch,
C.A., (1953), "Anaemia and the cpleen", New. Fng, J. Mad.,
259, 24, 1164-69,

Murray, M., Murray, P.K., Jennings, F.W., Figher, E.W. and
Urquhart', G.M. (1973), "The pathology of Trypanosoma brucei in
rats", Trans. R. Scc. Tron. Med. Hyg,, 67, 276a7T.

Nagle, R.B., Ward, P.A., Lindsey, H.B,, Sadua, E,H., Johnson,
A.J., Berkan, R.E, and Hildebrandt, P.K., (1974), ""Experimental
infections with African trypanosomiasis, VI. Glomerulo nephritis
fnvolving the altornate pathway of complement activitation, Am. J.
Trop, Med. Hyeg., 1, 23, 15-26.

Naish, P.F,, Aber, G.M. and Boyd, W.N., (1979), "C3 deposition in
renal arterioles in the loin pal: and hacmaturia syndrome', Brit.
Med J.. 5986, 3, T46. ' !

Nash, T.E., Prescott, B, and Neva, I.A., (1974), "The characteristics
of a circulating antigen in schistoso miasis'', J. Immunol,, 112, 4,
1500-07.




Nasser, S.8. and Platt, B.S., (1967), "The development of anacmia and
iron depletion in experimental S.mansoni infection', Trans. R. Soc.
Trop, Med. Hyao,, €1, 17.

Natali, P.G. and Cioli, D., (1976), '"lmmmune complex nephritis in
Schistosoma mansoni-infected mice', Fur. J. Immunol., G, 359-64,

Nelson, G.S. (1958), 'Schistosoma mansoni infection in the West Nile
District of Uganda, Part IV, Anaemia and S.mauansoni infection",
E, Afr. Med. J., 35, 10, 581-86,

Nelson, G.S., Amin, M,A,, Saoud, M.F, and Teesdale, C., (19G8),
Studies in heterologous immunity in schistosomiasis. I. Heterologous
schistosome immunity in mice', Buwl, Wid, HIth, Org., 38, 9-17.

Niel, G., Pinon, J. M, and Gentilini, M., (1570), "Immvunofliorescence
appliquee au diagnostic serologique do la bilharziose, Bull, Soc., Path,
Exot., 63, 3, 356-62, English Summary (9 lines).

Omeor, H,O. and Abden Wahan, S,M., (1976), "Sccondary amyloidosis
due to Schistosoma mansoni infection’, Brit. Med. J., 1, 375-77.

Omer, A.H.S., Hamilton, P.J.S., de C. Marshall T.F,, and Drapecr,
C.C., (1976), 'Infection with Schistosoma mansoni in the Gezira axreca
of the Sudan', J. Trop, Med. Hyg., 79, 7, 151-567.

Ottesen, B.A,, Stanlsy, A.M., Gelfand, J.A., Gadek, J,E., Trank,
M.M., Nash, T.E. and Checever, A.W., (1977), 'Immunoglobulin
and complement receptors on human cosinophils and their rolc in
cellular adherence to schistospmules', Am, J. Trop. Med. lvg., 26,

6, 13441,

Ozawa, M., (1931), '"Experimental studics on the anaemia causcd by
schistosomiasis japonica', Jap. J. Exp. Med., 9, 1, 3845,

Peolley, R.P., Pelley, R.J., Hamburger, J., Peters, P.A. and Warren,
K,S., (1976), 'Sdistosomna_mansoni soluble egg antigens. 1. Identifi-
catlon and purification of three major antigens and the employmen® of
radioimmunoassay for their further characterization', J. Immunol,,

117, 5, 1, 1553-66.

Pesignan, T.P. and Bazan, T.C., (1951), "Haematological studies in
schistosomisasis japonica', J, Phillipine Med. Ass., 21, 227.33.




203

Pessoa, S.B. and Coutinho, J.0,, (1952), "Contriuicao ao estudo do
sangue na estislossomose mansonica. I. anaemia', Folia Clin. Biol,,
18, 3, 189-91,

Pecssoa, S.B,, Silva, L.H., Pereira, D.A. and Costa, L., (1955),
Y"Anacmia in schisinsomiasis mansoni in urban and rural areas in
the state of Paraiba, Brazil", Rev. Brasil. Malar., 7, 3, 337-42,

Phillips, S.M., Reid, ., Doughty, B. and Khoury, P., (1978),
"The cellular ard humoral immune response to Schistosoma mansoni
Infections in inbred rats., IIH. Developments of optimal protective
immunity following natural infections and artificial immunizations",
Callulnr Tmununolowsy, 38, 255-38.

Reiman, ¥,, Erdogan, G, and Ulagaly, I., (1960), "Studies on the
genesis of the syndrome 'hypersplenism! in portal hypertension",
Acta hepato-splencl., '"Suttg.", 7, 285-99.

Richmond, J., Donaldson, G.W.K. and Williams, R., (1967),
"Haecmatological effects of the idiopathic splenomegaly seen in
Uganda'", Brit. J. Hoemat,, 13, 348-63.

Ridley, D.S., (1974), "The laboratory diagnosis of tropical diseases
with spceial refercnce to Britain : A review', J. Clinic, Path., 27,
43544,

Ridley, M.J. and Ridley, D.S., (1976), "Serum antibodies and
jejunal histology in giardiasis associated with clinical malabsorption',
Jd. Clinc. Path,, 29, 30-34,

Rocha, K., Cruz, T., Brito, E. and Susin, M., (1976), "Renal
involvement in patients with hepatosplenic schistosomiasis mansoni",
Am. J. Trop. Med. Hyg., 25, 1, 108-15,

Rodriguez-Molina, R., (1936), "Anaemia in schistosomiasis mansonl
and its treatment in Puerto Rico', Bol. Assoc. Med. P. Rico, 28,
7, 146-51,

Rosenberg, L.T. and Tachibana, D.K,., (1962), '"Activity of mouse
complement”, J., Immungl., 89, 861-67,

Ruddy, S., Gigli, I, and Austen, K.F,, (1972), 'Complement system
of man'", New FEnz., J, Med., 287, 489, 545, 592 and 642.



Ruffer, M.A., (1910), "Note on the presence of Rilharzia hacinaichie.
in Egyptian nuvnmiss of the 20th dynasty 1220-1000 B.C.'", Bric, Med,
Jd., i, 16. : -

Sabour, M.S., El Said, W, and Abdoul-Gabal, I,, (1972), "A clinical
and pathoiogicnal study of schistosomal nephritis', Bull, Wid, Hlth,
Oxrg., 47, 549-57.

Sabour, M.S., Osman, L,M, and E1 Manzy, A., (1267), "Hypcrsplenic
in Egyptian splenomegaly', J. Tron. Med, llyg., 70, 243,

Sadigursky, M. and Andrade, Z.A., (1976), '"Renal atnyloidosis and
schistosominsis', Brit., Med. J., 1073,

Sadigursky, M., Andrade, Z.A., Danner, R., Ckeever, A.W., Kamel,
1.A. and Elwi, A.M, (1576), "Absenze of schistosomal glomerulo-
pathy in Schistosoma huematobium infection in man'", Trans. R. Soe,

Tron. Med. Hyg., 70, 4, 322-23,

Saha, K. and Chakraboorty, J., (1977), "Sorum complement profile
in human leprosy and its comparison with immune complex discases",
Inter. J. Leprosy, 45, 4, 327-37.

Saif. M., (1966), "The blood volume chaunges in intestinal bilharziasis,
S tudy with Sodium Radiochromate', Ztschr, Tropenmed. Parasit, ,
(Stuttgart), 17, 3, 279-84,

Salah, M,, (1935), 'Studics on anaemia in Egypt (helminthic aniemia)",
J. Epvpt Med. Ass., 17, 4384 454«

Salih, S.Y., Bartlett, A., and Voller, A., (1978), "Dctection of
antibodies by enzyme-immunoassay in human Schistnsoma mansoni
infecticn : A Clinical and chemotherapcatic study", Tropenracd.
Parasit, . 29, 409-12,

Salih, S.Y., Voller, A, and Woodruff, A,W. (1978), ''Serum iramunoglobulin
concentrations in human S.mansoni and S.haematoblum infections in.the
Sudan, with special reference to the effect of chemothorapy", Tropcnmed,
Farasit,, 29, 269-74,

Samucl, A.M, and Singh, B., and Jarnum, S., (1970), "Immunoglobwin
fu tropical sprue', Scand, J. Gastroenterol., 12, 192-190.




Santoro, F., Bernal, J. and Capron, A,, (1979), "Complement
activation by parasites’, Acta Trop., 36, 5-14.

Sauod, M.F.A.T .M., (1965), ''Morphological cxperimental studies
of some schistosomes of man and animals™, Ph.1). thesis
University of London,

Scitznidis, B., Theodoropeulos, G., Kremastinos, D., Kalos, A,
and Angelopoulos, B., (1976), "Serum C3 levels in patients with
liver hydatid disease', Med, Chir. Dig.., 5. 293-94.

Sher, A., (1976), '"Complement—dcpendent adherence of mast cells
to schistosomula', Nature, (London.), 263, 334-36.

Smithers, S.R., (1972), '"Recent advances in the imneunology of
sohistosomiasis', Brit. Med. Bull., 28, 1, 49-54.

Smithers, S.R. and Terry, R.J., (1965), "The infection of
laboratory hosts with cercariae of Schistosoma mansoni and the
recovery of adult worms'', Parasitol., 55, 695-70.

Smithers, S.R. and Terry, R.J., (1967), ""Resistance to experimental
infection in Rhesus monkeys induced by the transfer of adult worms'"',
Tyans. R. Soc. Trop. Med. Hyg., 61, 517-33.

Smithers, S.R. and Terry, R.A. (1969a), "Tmmunity of schistosomiasis",
Ann, N.Y. Acad. Sci., 160, Art.2, 82640,

Smithers, S.R. and Terry, R.A. (1969b), ""The immunology of
achigtnaomiagis'’, Adv. Parasit,, 7, 41-93.

Suad, M. and Woodruff, A.W,., (1976), ""The erythrocytes in enaemla

associated with schistosomiasis', Trans. R, Soc, Trop. Med. Hyg.,

70, 4, 279,

Suad, M, (1978), "Anaemia in schistosomiasis with particular reference
to its causation", Ph.D,. thesis, University of I.ondon.

Sultan, A., (1976), 'Bilharzia: the Middle East's biggest disease',
Middle East Economic Digest, 17, 31-33.

Tavares, C.A.P., Gazzinelli, G., Mota-Santos, T.A. and De Silva,
wW.D. (1978), "Schistosoma mansoni : complem ent-mediated cytotoxic
activity in vitro and cffect of decomplementation on acquired immunity
in mice", Exp. Parasitol,, 46, 145-51.

Telium, G., (1964), Pathogenesis of amyloidosis, the two-phase cellular
theory of local sccretion', Acta Pathologica ot Microuiologica Seandina-
yica, 61, 21-45.




206

Terry, W.D., BDorsos, T, and Rapp, 1L J., (1964), 'Diifzrences in
serum complement activity among inbred strains of micc',
J. Dhmmunol., 92, 576-73.

Tewari, S.G. and Tandon, B.W,, (1974), "Functional and histological
changes of small bowel in paticnts with Giardia lambli: infestation",
Indian. J. Mecd.., 62, 5, 689-95, May.

The Lancet, (1972), '"New light on endemic cretinism', The Lancet,2.
365-70.

von Krogh, M,, (1916), '"Colloidal chemisfry and immunology,
J. Infect. Dis., 19, 452-77.

Wallcer, A.R.P., Fletcher, D.C, sand Traill, V., (1051), "An
investigation of haemoglobin concentration and of blood loss in
stools in adult South African Bantu infested with intestinal Schisto-
soma mansoni', Trans. R. Soc., Trop. Mecd. Hyg., 48, €, 501-05.

Warren, K.S., (1972), "The immunopathogenesis of schistosomiasis :
2 multidisciplinary approach", Trans. R. Scc. Trop. Meod, Hyg., 66,
417-34.

Warren, K.S., (1973), "Animal humnn helminthology", Helminthological
abstract, series A, 42, 591.633.

Warren, K.S. (1975), "Hepatosplenic schistosomiasis mansoni. An
Immunological discase', Bull. N.¥. Acad. Med., 51, 545-50.

Warren, K.S, and Dec. Witt, W.B., (1958), "Production of portal
hypertcnsion, ocsopha_eal varices in the mouse', Proc. Suc, Exper.
Piol 2 i"(.‘_tj}v ’98,‘,99&10‘ -

Warren, K.S., Domingo, E,O, and Cowan, R,B.T., (1967), "Granuloma
formation around schistosome eggs as a manifestatlon of dolayed hyper-
sensitivity', Am., J. Pathol., 51, 735-56.

Webbe, G. and James, C., (1971), "The importance and maintenance -
of schistosomes of human and veterinary importance", Symposium of
the British Society for Pacasitology, (9), p. 77-107, November 20,
1970, ed, Blackwell Scicntific Pubiications, Oxford.

WHO, (1965), "Tochnical report Sar. No. 299, WHO Expert Committeo
on bilbnrziasis. Third Report. CGereva.'

WIIO, (1967), '"Epidemlology and control of schistosomiusis", Technical
Roport Ser. No. 327. WHO Expert.Committee, Geneva, 33.




WHO, (1973), ""Technical! report Ser. No. 515. Schistosomiusis

Control. WIIO Expert Committee, Geneva'',

WHO, (1975), "wenty-cighth world health assembly - 2", WHO
Chronicle, 29, 189-199, p.292,

WHO, (1978), ""The work of WHO 1976-1977, Biennial report of the
Director -General”, Official records of the WIIO, No.243, chapter
15, 146, 201.

Wilcocks, C. and Mangson-Bahr, P.E.C., (1973), "Manson's tropical

diseascs", 17th ed., Baillicre Tindall, London.

Williams, D.G., SYourilsky, 0., Morel-Maroger, L. and Peters, D.K.,
(1972), "'C3 brealidown by scrum from patients with acute post-
streptococeal nephritis", The Lancet, 2, 360-61.

Wright, W.I., (1970), "Symposia on clinical tropical medicine,
Vol.1, p.72, pub. Tronical Discuse Centre, New York,

Woodruff, A.W,., (1964), "Tropical pathology imported to England',
Buwll. Soc. Pathol, Exot., 57, 745-53.

Woodruff, A, W,, (1973), "™Mechanisms involved in anaemia aasociated
with infection and gplenomegaly in the tropics'”, Trans. R, Sec. Tron.

Med, Myg., 67, 2, 313-25,

and Pettitt, L.E., (1979, "Cause of

Woodrull, A.W,., Ansdell, V.E.
1055-57, May,79 ( #125). .

anasmin In malaria", The Lancot,

Y.K. and Pettiit,

Woodrulf, A.W., Ree, G.H,, Ansdell, V.E., Lau,
associated anaemia",

L.E., (1976), "African trypanosomlasis and its
Trans. R. Soc. Trop. Med. Hyg., 70, 1, 21.

Woodruff, A.W., Shafei, A.Z., Awwad, H.K., Pettitt, L.E., and Abaza,
H.11., (1966), "Anacmia in patienis with schistosomiasis and gross
splonomeg ady', Tyons. R. Soc. Trop. Med, Hyg., 60, 3, 343-5l.

Woodruflt, A.W,., Topley, E., Knight, R, and Downie, C.G.B., (1972),
22, 319-29.

"The cnaemia of kola azar, Drit, J. Hacmat., =

Woodrufl, A.W,, Zicgler, J.L., Hathaway, A, and Gwata, T., (1973),

vAnnomia in African trypancsomiosis and big spleen di
Trons, 1. Soc, Trov. Med. Mye., 67, 3, 329-37.

sease in Uganda',



