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This conference, consisting of only 20 participants, was brought
tcgether as a result of the initiative of Dr John J. McKelvey, Jr.,
Associate Director of the Agricultural Sciences Division of the Rocke-
teiler Foundation, 45 a kind of follow-up of an earlier Conference on
Trypanosomirasis held at the Villa Serebellicni in May 1972. That parti-
cular conference was concerned mainly with parasitological and immuno-
logical aspects of this i1mportant African disease as it affects the

vertebrate host.

We thought the biological relationships exisiing hetween the
insect vecccr and the trypancsome parasite is o4 vital one, and needs
to be choroughly examined if we have to hdve a ciiticai understanding

¢!l a disease such as trypanosomiasls.

We appruvached the prublem by bringing rogether active workers
in « variety of tields of direct interest to trypanosomiasis — tsetse
eccioglsts and physiologists, epidemiclogists, immunolougists, and so
on — whu could bring to bear thelr own specialized knowledge on this
tiensdisciplinacy problem. The didicgue so estabilshed was most stimu-
iating; and we dre extremery grdateful tu the Rockefeller Foundation for

sponsoring the meeting.

Thomas R. Odhiambo
Co-Chairman of the
Conference

Nairobi, Kenya

9th Nouvember 1973
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WEDNESDAY, 27th June 1973
EVENING

Welcoming Address : Dr John J. McKelvey, Jr.,

Co-Chairman of the Conference

Address on the Villa : Dr William C. Olson,

Serebeliom : Director of the Villa

Adopticun of the agenda and appointment of the raporteurs

Address on the Objectives : Prof. Thomas R. Odhiambo,

of the Confercnce : Co~-Chairman of the Conference

THURSDAY, 28th June 1973

MORNILING

"Tsetse Ecuiogy, Epidemiology of Trypanosomiasis, and the Development

of Trypanosomes"

1. The development of trypanosome infectivity in the

tsetse fly : Dr L.H., Otieno
2, Population ecology of tsevse flies: Dr L.C. Madubunyi

3. Comparative study of the epidemiology of East Coast Fever:

Prof. W.I.M. McIntyre
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THURSDAY, 2&¢h June 1973

AFTERNOON

4. The life-cycie of trypanosomes in the tsetse fly :

Prof. R. Gergy

5. The life histery and morphology of trypancsomes in their

insect vectors @ Dr D.H. Molyneux

6. Nurleiic acids during che development of trypanosomes

Dt B.A. Newton

7. Comparative study of the development of Anaplasma,
Babesia, Theilerid, and other tick-borne disease parasites,
especially 1n their invertebiate husts: Prof. Miodrag Ristic

EVENING
8. Fiim (16 mm., witn sound) on the epidemiclogy of trypanoso-~
miasis in livestock and game in the Serengeti Plains

(Tanzania): Prof. R. Geigy

FRIDAY, 29th June 1973

MORNTING
"Ihe Feeding Behavicur and Physiology of the Tsetse Fly"

9. The feeding physiotogy of tsetse flies and other blood-sucking

arthropods : Prof. R. Galun
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FRIDAY, 29th June 1973

10.

11.

12,

MORNING

Suascry-Physiology and behaviour of tsectse flies,

especially in regard to feeding : Dr M.J. Rice

The Functional relations of the tsetse salivary glands:

Prof. Thomas R. Odhiambo

Energy derived by the tsetse fly from its diet: Prof
E. Bursell

AFTERNOON

"The Immunclogical Relations of Trypanosomes, especilally in their

Invertebrate tlosts'

13.

i5.

16.

Immunc.hemistry of trypanoscmes : Dr A.R. Njogu

Strain characterization of livestock and wlld~game trypano-

somes and the antigenic variation of T.vivax : Dr. M.A.Q.Awan

Experimental work with T.rhodesiense in mice and monkeys

Dr E.H. Sadun

Comparative study of antigenic variation in protozoan para-

sites : Prof., E.A. Kabat
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SATURDAY, 30th June 1973

MORNING
"Probiems of Vectorial Capacity"
17. Vectorial capacity of .Lsetse flies : Dr Albert Challier

18. Vector-host parasite interactions in the transmission of

iha.daria ¢ Dr R.A. Ward

Drscussion the importance of the culture of invertebrate vector tissue:

Led by Dr R A. Ward,

Di. .siun un propusals and Conference recommendations
EVENING

Discussiun on propeosals and Cenfelence recemmendat Lons (concluded)

L:usinyg Address @ Dr John A. Pino
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The Conference was opened on Wednesday, 27th June 1973, in the
evening by Dr John J. McKelvey, on behalf of the Rnckefeller Foundation
and as Co-Chairman of the Conference. He gave a brief introduction on the
hiscory and reasons for the Conference, and then introduced the Chairman
of the scientific sessions of the Conference, Professor Thomas R. Odhiambo.
The latter set the goal of the Conference as one of exploring togethar, in
a m:lti-disciplinary manner, the various approaches to a deeper understanding
of the relationships between the trypanosomes and the tsetse fly, to discuss
those novel and problematic aspects of this relationship, particularly as we
are beginning to suspect that the vector may not be merely a neutral vehicle

for the infective parasite.

Tsetse Ecology, Epidemiology, of Trypanosomiasis,

and the Development of Trypanosomes

Dr Otieno opened the first session of the Couference on Thursday
morning by making a presentation on "The development of trypanosome in-

fectivity in the isetse fly," especially as it relates to T.brucei.

He briefly described that the popularly accepted theory regarding
the cycle of development of brucet trypanosomes has been questioned : for
instance, a great deal of importance has been placed on the part played by
the peritrophic membrane without enough supporting experimental evidence.
Experimental evidence is lacking to show whether the peritrophic membrane
is formed with each blood meal or whether once it is formed it stays for

good. Furthermore, the significance of the lodgement of trypanosomes destined
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to reach the salivary gland needs to be re-examined.

Studies on the development of T.bruce? in chi k embryo cultured
at a temperature of 39°C do indicate that bizarre forms of the
parasites occur towards the peak of infection. Are these degenerate
forms ? Apparently, these forms are seen more often in a deficient
immunologically reactive system (e.g. &t the end of a chronic state
or in irradiated host animals). He suggested that more studies
were needed to evaluate the importance of these bizarre forms in

relation to the life-eycle of T.brucer trypanosomes.

Dr Otieno's paper was discussed by various participants; and

the following points emerged :

1. Are the so-called bizarre forms of trypanosomes infective

to insects ?

2, The site of attachment of trypanosomes in the tsetse gut
may be vital, for instance the question of whether cr not
electrical charges on the peritrophic membrane may be

important for attachment should be investigated.

3. It is important to re-examine the develepment of the try-
panosome in the insect vegctor, and find out the role of

haemocoelic forms.
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4, The surface coat of trypanosomes is apparently lost by the time
the mid-gut 1s reached, and the coat is apparently restored when

the trypanosomes subsequently reach the salivary glands.

5. The age of the tsetse fly may be a crucial factor in the success

of establishment of infective trypanosomes in the fly.

The general coaclusion was that a thorough re-examination of the develop-
mental life-cycle of the T.brucei in the tsetse fly needs to be made, and

to relate this to the physiological and biochemical events in the fly.

Dr Madubunyi ('Population ccology of tsetse flies") stressed
the importance of several factors, that have hitherto been given only
passing attention; in giving us an understanding of the pcpulation dyna-
mics of Glossina morsitans in Zambia : pupal parasites (e.g. Mutilla,
glossinae and their effect on resident tsetse population, relation of
the tsetse population to its preferred host (e.g. warthog) and the need
for a simultaneous study of the population dynamics of host and insect,
larviposition behaviour of pregnant flies and the selection of larvi-
position sites, and the types and distribution of resting sites. He
noted that the problem of tsetse population regulation is likely to be
complicated by the existence of sampling bias, and that further investi-
gation of sampling methods should be carried out. Dr Madubunyi outlined
a new, and more accurate, method for the assessment of physiological stress

in tsetse populations based on the measurement of egg size.
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In the course of the discussion that followed, the desirabilir)
was emphasized of re-investigating the potentialities of pupal parasites
as ageuts of tsetse control (Pino, Kice, Ward) and of exploring the pcssible
effecciveness of microbial pathogens (Molyncux), thaugh prospects were
expressed concerning the prospect of success (Sadun, Bursell, Galun). The
possible importance of mechanical transmission of trypanosomiasis by taba-
nids and other insects was discussed (Newton, Molyucux, McIntyre), but no

consensus of opinion was reached on this issue.

The epidemiology of East Cuast Fever was summarized by Proiessor
Mclntyve (“Comparative study of the epidemiology of East Coast Fever™),
und differenves from the trypanosomiasis situation were noted with parii-

tular reference to

1. the permanence of infection in tick population;
2. the absence of wiid life reservoires (buffalocs exvepted); and
3. the stable, but patchy distribution of the disease, which is mot

clearly related to environmental factors, and which is confined
to the East Coast and eastern part of Zaire. The reasons for

this are not known.
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Control measures directed against the vector (dipping) and the
parasite (immunization) were reviewed, and the possibility of a deterio-
ration in the control situation associated with the existence,or the deve-
lopment, of resistant strains, both of the vector and of the parasite,

was noted;

During the discussion that followed, technicalities associated
with the production of vaccine, and with the detection of possible re~
sistant strains, were elaborated on (Ristric, Kabat, Molyneux, Sadun);
and recent research which opens up the possibility of interferring with
the mating of vectcrs by the use of synthetic pheromones and the inter-
ference of development by the use of hormones concerned with growth and

moulting, was described (Galun).

Professor Geigy ('"The life-cycle of trypanosomes in the tsetse
f£1y") summarized the classical view of the developmental cycle of T.brucet
in the insect vector, starting off with the stumpy form of the parasite
in the blood meal. He noted that the number of trypanosomes taken up with
a blood meal varies greatly, even when the blood is taken from a mammal
sustaining heavy parasitaemia. He also noted that there is no evidence
that trypanosomes can move directly from the tsetse mid-gut to the pro-
ventriculus and then to the salivary glands, and that it is possible that

not all epimastigote forms reach the salivary glands.
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Professor Geigy related new research findings that showed that the try-
panosomes lose their external coat during their sojourn in the tsetse gut,
and that it is possible that the parasite's Golgi apparatus might be res-

Ponsible for the production of the coat surface in the salivary glands.

Some time after the meta-epimastigote forms have become established in
the salivary glands, they detach from the latter and transform into meta-

cyclic forms.

During the discussion that ensued, a question was asked as to

whether the production of the coat substance during the salivary-gland

stage was responsible for the detachment of the parasites from the glandu-
tar epithelium. Indeed, the whole problem of the initial loss of the
external surface coat, its eventual re-acquisition, and whether or not the
two coats are identical immunologically was raised (Odhiambo). Finally,

a lively dialogue (Otieno, Odhiambo), Molyneux,Njogu) revolved round the need
to re-study the route of entry into the tsetse salivary glands of developing

trypanosomes,

Dr Molyneux ("The life history and morphology of trypanosomes in
their insect vectors") outlined the difficulties involved in the study of
parasite-vector relationships using Glossina and T.bruce:i as study objects.,
Instead, he suggested that more attention might profitably be paid to (a)
T.Corgolense and T.vivax, in view of their greater veterinary importance,
and perhaps (b) to other trypanosomes having vectors other than tsetse
flies, such as T.cruz? or T.rangelli with their Rhodnius or Triatoma

vectors respectively.
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Such general prob.ems as mixed infections, attachment mechanisms, and

haemocoelic invasion could more eaSily be studied in Rhodnius , noting

particularly the considerable background of information available con-

cerning the physiology of Rhodnius.

Participants were generally agreed that such model systems would
offer a useful adjunct to current studies on the tsetse/trypanosome inter-—
relation. The mechanism and possible importance of attachment of trypano-
somes to special cuticular or peritrophic membrane surfaces were discussed

(Rice, Odhiambo).

Dr Newton, (''Nucleic acids during the development of trypanosomes')
summarized recent work on kinetoplast DNA, a component which appears to be
associated with the synthesis of mitochondral components in preparation for
vector invasion; and indicated that the occurrence of isolated material in
the form of small circular fragments should probably be ‘seen as an artefact
of isolation. He observed that marked differences in the kinetoplast DNA
component had been found between different species of parasite, and that
such differences might provide the basis of a field method for the identi-

fication of species, and perhaps of strains, based or DNA-RNA hybridization.
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The problems of transcription mechanisms, and of the possible
appearance of new DNA compcnents during the pre-invasion amplification
phase were raised (Odhiambo, Kaba*) as was that of the possible involve-
Ment of kinetoplast DNA in antigenic variation, but no unequivocal answer

could be given on the basis of available evidence.

Professor Ristic discussed the current knowledge of transmission,
Prophylaxis, treatment trends, and the taxonomy of the various pathogens in
his presentation on the "Comparative study of the development of Anaplasma,
Babesia, Theileria, and other tick-borne disease parasites, éspecially in
their invertebrate hosts." Discussion stressed the significance of trans-
ovarial maintenance of pathogens by ticks in contrast the situation in
insect vectors. Dr Galun suggested that further study of this problem could
profitably be done on this problems. A great deal of interest was shown in
the possibil?ty of the separation and concentration of pure trypanosome popu-
lations with 'Sephadex,' as well as in investigating the prerent indication
that parasites undergoing schizogony within the mammalian hest appear to take
over the metabolic system of the host cells in a manner similar to that ob-

served in virus infections.

The Feeding Behaviour and Physiology of
The Tsetse Fly

The second theme of the Conference was opened on Friday by Professor
Galun presenting a paper on "The feeding physiology of tsetse flies and other

blood-sucking arthropods." She described studies on phagostimulants in a



variety of blood-sucking invertebrates, and drew attention to the
gradual specialization which appeared to have occurred in the

course of evolution —— from forms like the leech, which is sti-
mulated to engorge by a variety of carbohydrates, and the ticks

where the response to glutathione is synergized by glucose, to the
insects in which the response becomes increasingly specific, narrowing
form a general response to nucleotides in the primitive groups, through
adenine nucleotides to stimulation by ATP in the most advanced forms.
Under normal conditions the effective component of the blood meal,for
such advanced forms, appears to be the nucleotides of the blood plate=
lets, which are partially lysed during feeding, rather than the red
blood cells themselves, which are not. Professor Galun put forward
the possibility of developing a compcund which would prevent engorge=

ment by blocking the action of phagostimulants.

The problems associated with multiple feeding, and with the possible
development of effective tsetse repellants, were discussed (Geigy,Rice,
Bursell); and methods whereby platelet content could be reduced,
thereby attenuating the feeding response, were mentioned (Ristic)though
it was recognised that this could only be of theoretical interest.
Possible interspecific differences in the density and disposition of
mechano receptors on the proboscis of tsetse flies, associated with
differences in the selection of preferred hosts(reptiles versus

mammals were mentioned) (Molyneux)
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Dr Rice ("Sensory-physiclogy and behaviour of tsetse flies,
especially in regard to feeding') discussed the evolution of the
blood-sucking habit in insects, as related to the evolutionary
history of their hosts, and briefly outlined the main behaviour
patterns of the tsetse flies in the light of current knowledge
concerning the sensory control mechanisms associated with them,
and the location of corresponding central nervous control centres.
He then described the sense organs of the alimentary canal, and
outlined the part that each played in the controi of activities
associated with feeding, noting particularly the sense organs si-
tuated at the tip of the proboscis, which he showed to be sensi-
tive to saline (osmotic ?) and to ATP stimulation. He noted the
presence of secretory neurones associated with gut musculature
aru the gut epithelium, in some of which a discharge of neuro-
secretory material had bcvn found to be associated with the act

of feeding.

Differences between reptile and mammal feeders were further
discussed(Molyneux), the possible existence of auditory sense organs
was mentioned as worthy of investigation (Madubunyi), and the practical

importance of work of the kind described was emphasized(Odhiambo).

In relation to the ultimate site of development of T.bricei
parasites, and the subsequent injection of the fully developed para-
sites into a mammalian host, Professor Odhiambo('"The functional re-
lations of the tsetse salivary glands')described recent work on the
structure of the salivary glands of the tsetse flies, which were shown

to comprisc three distinct regions:
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(a) a distal part characterised by a secretory epithelium, a fibri-
llar basement membrane and a substantial muscular investment,
considered to be active both in the production of the primary
secretory product (comprising granular and fibrillar components)
and in supplying the mechanical force requisite for salivary

ejaculation;

(b) a middie part without muscle or fibrillar basement membrane, but
with well-devioped microvilli, thought to be involved in the

further elaboration of the secretory material by resorption; and

(¢) the salivary duct, with a thick cuticular lining and an epithellium

inactive in secretion.

Professor Odhiambo demonstrated the presence of neurosecretary
nerves associated with the muscles and the basement membrane of the distal
region. Three types of inciusion werc distinguished: a vesicular component
presumed to be .ctive in the control of muscle activity, and two granular
components thouht to be active in the control of secrctory activity of the
glands themselves. A hypothesis on the mechanisms for the control of sali-

vary ejection was put forward.
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The distribution of trypanosomes in different regions of the
e ary gland, and their survival and development to the infective
stage in that environment, was discussed, and it was agreed that attach-
ment probably occurred in the middle region (Odhiambo, Molyneux,Geigy,
Ward, Newton). The questicn whether trypanosomes should be regarded as
parasites or symbionts was raised McKelvey, Molyneux and the possible
practical importance of a study of microbial symbionts (Rice) and of

abortion (Madubunyi) was discussed at some length.

Professor Bursell reviewed the mechanisms by which energy is made
available to the tsetse fly from protrins of the blood meal. He nofed the
importance of proline as a primary substrate for energy release, with parti-
cular reference to its high calorific value and ready mobilizability. The
particular role of serine, glycina, arginine and histidine in the disposal
of surplus ni.:ogen was described, as was the synthesis of lipids from the
remaining amino acids. He noted that the utilization of lipid reserves as
a source of enery does not follow conventional lines, and that it involves
the coupling of lipid carbon to alanine, itself an oxidation product of pro-
line, with subsequent synthesis of proline which serves as the ultimate
substrate. Consequently, a cyclic system is involved, with lipid carbon as
input, alanine as carbon carrier, and energy as the output, The relatively’
poor development of glycolytic enzmes was described; but it was thought
possible thut carbohyrate metabolism in specific organs (e.g. in Malpi-

ghian tubulus and the proventriculus) could be Important.
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In discussion, the apparent importance of proline as a sub-
strate for trypanosome metabolism was emphasized (Newton), as was
the desirability of investigating the possible effect of trypano-
some infection on tsetse metabolism {McKelvey), especially since
it is known that trypanosomes posses large amounts of proline
(Newton). It was observed, however, that proline is not a suitable

source of food for tsetse flies.

The Immunolcgical Relations of Trypanosomes,

especially in their Invertebrate Hosts

The afternoon session on Friday dealt with the immunological

relations of trypanosomes.

Dr Njogu ("Immunochemistry of trypanosomes'')started the session
by describing recent work on immunochemistry and fine structure of
T,brucei sub-group trypanosomes. The work was aimed at obtaining a

clearer picture of the nature of the variable antigens.
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Enzymic iodination studies at LATRO, using radiocactive 1,125 had

revealed that two components of the antigen Complex were on the

external surface of the trypanosome. Similar work with a different

label (at Molteno Institute, Cambridge) had shown the presence of only
one component on the surface. It was necessary to find the reason fot
*iiis discrepancy. Since the antigens were presumed to be on the sur-
face, work was started on the ultrastructurc of the trypanosome exter-=
nal surface. Transmission electron microscopic studies revealed that

the microtubules were interconnected by a lattice of fibres, while

the flagellum was attached to the bcdy of the trypanosome along a modi-
fied microtubule. The .:itachment started at the pcint of emergence

from the flagellar pocket and continued all the way to the interior end
of the parasite. A small fraction of the whole flagellum extended

beyond the interior end of the body as a free fiagelium. The flagelium
was attached to the body by a row of desmusomes spaced at regular inter-
vals along the modified microtubules. Freeze-fracture replicas indicated
that cach desmcsomes consisted of a rosette of about 5 "microdesmcsomes”
arising on the flagellum and . .horing onto corresponding attachment
points on the outer surface of the inner ceiis membrane. Dr Njogu stated
that treatment with proteolytic enzmes unmasked reactive groups on the

surface.
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In the discussion that followed, it became clear that a‘great
deal of interest centred on possible hypotheses and research needed
to explain the mechanism of antigen variation in trypanosomes. If
it was understood, it would probably be possible fo block antigen
variation and in corsequence be able to prepare a practical wvaccine

for trypancsomiasis (McKelvey, Newton).

Dr Awan ("Strain characterization of livestock and wildgame
trypansomes and the antigenic variation of T.vivax') gave an account
of the studies he is carrying out on the antigenic variation in
T.vivar and on the isolation and characterization of trypanosome
strains from game animals in Zambia. Two sheer werc infected with
a clone population of rodent-adapted strain of T,vivax. Both sheep
were examined for peripheral parasitaemia daily for over 6 months.
Each sheep developed a relapsing-type infection. Both sheep 10-12
relapses up to 85 - 86 days after infection. At each relapse, mice
were inoculated with blood from each sheep to isolate trypanosome
antigen pspulations. Antisera were collected at the same time.
Antigenically distinct populations of trypanosomes were demonstrated
by immune lysis and agglutination test. Altcgeciher, three antigenic
populations (17 T15 T21) from one of the sheep were studies in more
detail. The results indicated that exoantigens, bound antigens, and
the corresponding antisera were produced in rats, Double diffusion
of each of the exoantigens with homologous antibodies produced
specific precipitin lines. Bound antigens showed the presence of

a common antigen in additional to specific untigens.
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Dr Awan also gave a progress report of his survey of game
animals for trypanosomes. Four strain of T.brucei were found in

hippo, but not I.vZvax in any of 75 animals examined. Some species

of antelopes had T.vivax. T.brucei was isolated from a lion.

In the discussion that follwed, comment was made on the impor-
tance of the work on antigenic variation in T,vivax, which parallels
the original work of Gray on T.brucei. It was pointed out, however,
that caution should be exercised in using rodent-adapted T.vivax for
experimental work. Finally, it was suggested that it might be impor-
ant to re—examine the relation of the tissue form of T.vivax in re-

lation to parasitaemia in the mammalian host.

Dr Sadun ("Experimental work with T.rhodcc..cnce in mice and
monkeys") gave a progress report on this work since the last report
he gave in May 1972 at Bellagio on the vaccination of monkeys, rats,
and mice with irradiated T.rhodescience organisms. The aim of the
recent work was to compare the protection induced by irradiated live
trypanosomes to that produced by dead trywpanosomes. The trypanosomes
were exposed to gamma and neutron radiation. It was found that neutron
irradiatior inactivated trypanosome and produced protection at a lower
dosage thau with gamma irradiation. If various fractions of the para-
sites were used for protecting mice, it was foundAthat the best "fraction"
was that containing metabolic antigens (the buffer in which the trypano-

somes were suspended), f.iiowed oy the lyophilized fraction, follcwed by
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the particulate fraction, followed by the soiuble fraction. These
résults indicated that living trypanoscmes were not necessary for the
induction of protection in mice. Thuv hacmatological picture of experi-
mental monkeys demonstrated that various parameters, such as enythro-
cycte count, packed cell volume, and haemoglobin concentration, increase
in nen immunized animals while they remained relatively constant for the
immunized ones. Furthermore, a marked increased in _.mma-globulin and

a concomittant decrease in serum albumin was found in the non-immunized
monkeys. Such monkeys developed a moderate hypoglycemia and, terminating,
an increase in blcod urea nitrogen. Transaminases (SGOT and SGOPT)were
markedly elevated in the non-izmunized arimals. The pathologic picture
showed that there was glomeruluir—t.phuitis; and the immune fluorescent

tests showad thc presence of IgM (and not IgG) antibudy in the kidneys.

During the discussicn of the pap:v, great interest was shown on
the observation that protection had been provided by the "metabolic
antigen." Professor McIntyre said that this appeared to be similar to
the protection procvided in Trachinella. Encouragement was given for
studies leading to the characterization of these metabolic antigens.It
was also felr that monkeys might prove an excellent mammalian model for

immuno-pathological studies of trypanosomes.
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Professor Kabat ended these discussions by outlining a possible
approach to the study of the phenomenon of antigenic variation ("'Compa-
rative study of antigeniz variation in protozoan parasites"). If a
Parameciwm protozoan is treated with an antibody against its cillia, the
latter becomes immobilized . Later, however, it re-acquires mobilization
coincident with the appearance of a new antigen on the protozoan's
external coat. This is really a case of antigenic modulation (rather than
antigenic variaticn). 1t is imperative to explore the possibility that
this phenomenon occurs in trypanosomes. On the question of immunization,
Professor Kabat stated that there was a tendency —— based on the success
of such a system in virology and bacteriology —— for scientis.. to study
such phenomena using a model host (usually a laboratory animal). Experi-
ence has shown that this approach has not succeeded in the study of immuni-
zation against parasitic diseases. It would probably be better for such
studies to be concentrated in the animals in which disease is found, irres-
percive of the ccut, while carrying on parallel investigations in laboratory

animals,

Professor Kabat suggested several areas in which detailed infor-

mation is needed in regard to trypanosomiasis immunclogy :

(a) A method for isolating enough antigens from different regions
tor comparative purposes; similarly, a bank is needed for

reference sera from manralian hosts;



Ue

(b) Since the varian antigens in trypanosomes appear to be glyco-
proteins, a biochemical study of the enzymes involved in the
synthesis of these glycoproteins must be strengthened in order

to give us a basis for the understanding of antigenic variation;

(c) Evidence so far suggests that the immune mechanism in trypano-
somiasis is humoral; studies should, however, be mounted on the

cell-mediated immunity to trypanosomes.

During the discussion that ensued, it wae proposed that a thorough
discussion on trypanosomiasis-resitant cattle should be launched at a suit-
able venue (Newton, McIntyre). What constitutes this resistance in immuno-

chemical terms ?

Problems of Vectorial Capacity

The Saturday session was opened by Dr Challier, who presented a
pap:r on 'Vectorial Capacity of tsetse flies." He said that Vectorial
Capacity of tsetse flies depends on picking up the infection from the
infected vertebrate host, development of the trypanosomes in the fly, and
transmission of the trypanoscmes to the next vertebrate ho;t. There capa-
cities are linked with : (a) endogenuous factors of the tsetse flies (such
as species, sex, age, physiology and host preference; (b) the trypanosome
itself (that is, the infectivity of the trypanosomes, the various strains
and forms, and the population); and (c) ecological factors (climate,presence

of hosts, etc). These factors are ixportant, and studies have shown that
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temperature determines the duration cf the life-cycle and in

infection rate in flies. Thus, the infection rate of tsetse flies in
the field was higher during the rainy season than during the dry

season. In most GLossina species the infection rate for I.vivaxr and
T.congclense is reiated to the preportion of blood meals taken Ircm
bovine animals. On the cther hand, the irfecuion rate of I.:rnodescience
and T.gambierse depends on thc availabiiity of si..able ressrveir hosts.
Dr Chailier stressed the difficultiss of evalu.ting the Vectoral capa-
city of tservse fiies : for imstance (i) the genetic basis of vecterial
capacity is not know.; (11) a re-valuaticn of methods . [ trypanosome
identification in tsctse fiies is essential for a meaningful sutvey of
the prcbiem of vectoral capacity; (111) 1t is not clear how wi ..:

best sampie the epid...lologically significant tsetse population(as
opposed to the whole tsetse population); and (iv) T.gambiense was usually
diagnosed months after the originai fly bite; by this time, the climatic
conditions may have changed, and therefore che prevailing relationship
between the human infection and the existing fly density may not be

significant.

Great interest was arcused by the concept of vectorial capacity,
and encouragement was given for further research in this area. It was
suggested that a ficid technique fcr the rapid separation of trypanosomes
in vertebrate hosts in circumstances of low infection rates was urgently.

nceded.
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Dr Ward ("Vector-hcst-parasite interactions in the trans-
mission of malaria") reviewed the life-cycle of the malaria para-
sites of the gerus Plasmcdiwm. It was observed that although more
than 500 different anopheline-mosquito species are known, only 30-40
are significant maiaria vectors. Some of the more important reasons
for this situation were discussed, and it was pointed out that:(a)
the vector must be a species which feeds on man, partly or most of
the time; (b) the degree of association between the human host and
the vector should be intimate; (c) the adult mosquito should 1:ive
sufficiently iong for sporcgonous devciopment to occur; (d} the
vector shouid occur during the seme period of the year when the
human host is infectious; and (e) the vector should be susceptible

to malarial infection.

An analysis of mosquite susceptibilicty to plasmodial infection
indicated that numerous, interesting factors are involved., Genetic
variation is present at the specific level, within both the mosquito
species and the lccal populations of mosquitoes. Studies on a single
Aedes acgypii population indicated that resistance to infection by
Plasmcdiwn was largely due to a single gene. The relation of mosquito
nutrition and the microbial flora of the midgut to plasmodial infection
was described. Chemosterilants, suck as TEPA, can interfere with both
the host rep:cductive cycle and malarial oocyst development. Mosquito
pathogens, such as the microsporidan parasite Ncgcrma prevent malarial
transmission by occupying the normal oocyst substrate and utilizing

host
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nuirientda to such an exteat that plasmcdial development is inhibited.
Certeln antimelarial drugs, such as primaquinine and py.emethamine, inter-—

fere with the deveicpmenc of the SPrlogonous vycle.

Various nost tdacters atfect the pevtern of musquito infectivicy,
the level ¢f gametooycle matucity to malarilal oocyst develcepment in
P.failciparum was analysed, the pattern of relapse and mosquico suscepli-
briity in vivaz-type infecticn was F¢lated to antigenic variatica of the
relapse strains. Parasite factors such as the geographic origin of che
pParasite strain and hybridization ol parasite stralns within the veutol

Zre also 1uveived 1n mosqui.o susweptibility,

Recent studies on ithe respense ¢f maiaria - lnfected mosquilees
on ¢ rilght will wete descilbee., Maiarial-infected musquicoes had 4
shcrter tota: riight range, veducea lnitlal flights and had single fiights

ol shuirter duracion chan vainfecced (oncrols.,

The application ot these findings 1o studies on tsetse suscepti-
biiity were discussed. Li was proposed thac the genetic aspects ot the
sus.eptibrlicvy of Glessine to T.ocngolénse in the mice be investigated

due to the ease of working with this model in the laboratory.

Dr Ward followed this dis.ussion by giving a review on "Trends
in invertebrate celi culture." Cver the past decade, there has bezen approai-

Merely a ten—fold increase in the number of workers in this area, (from
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6 to 60) the pioneering work cf T. Grace led to the esLablishmeqt ot

the first cell lines from the moth, Antheridia, and the mosquito,

Acdes Gegypti. These lines required haemolymph from the above meth as

an esscntial component of the culture media. As techniques became

better defined, ceil lines were estabiished from most of the major orders
of insects. A significant advance was the substitution of foetal bovine
scrum for insect haemolymph. In recent years, many of the lines are
being subjected to genetic analysis to determine the karyotypes of the
cultured cells. This serves as an ex-2llent marker to avoid contami-

nation. At present, more than 50 cell 1l.nes are kuoown frem insects.

Varicus cell lines have been used Lo examine the interaction
of the invertebrate phase of pathogens and a cell limes from the
normal host species. Following the initial study of I.itvax in Gicsoina
salivary gland cxplants more than 20 years ago by W. Trager, both
1. Cunningham and I. Schncider have studies T.brucet in primary cell

cultures from Glosswiva during the past year.

During the discussion that followed, Dr. Newton pointed cut that
T. brucei had been grown on defined medium, cculd be transferred to new
media, and stiil retain its vertebrate infectivity. It was concluded
that further research should be conducted cn tsetse cell culture and the
behaviour of midgut forms in this environment, and that it be established

whether they could eventually become metacyclic forms.
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General discussion

Part of the morning sessicn on Saturday, and the evening
session was devoted to a general discussion on hecw the rescarches
that had been described cculd lead to a new approach in the long-term
control of trypanosomiasis — by immunization, by chemotheraphy, and
by vector control. It was fully realised that any of these avenues
need a great deal of investment in fundamental research if significant

and rapid prcgress has to be made in this field.

Immunobiological aspects of the probiem deserve spcciel attention.
Fundamental research shouid be undertaken with a view to the identifi-
cation of antigenic trypancscme types, the result cf which could seive
:s a basis for the development of effective vaccine. Concurrent to this
l1ine of research, it was suggested that the antigenic make-up of Lrypano-
somes during their salivary-gland phase neceds to be described fully, as
a base-line for novel prophyiactic procedures. In this respect, con-
centrated research effort should be focussed on the nature and develop-
ment of metacyciic forms. It was emphasized that while empirical approach
to immunization should be continued to get whatever practical immuni-
zaticn technolcgy can be applied immediately to the trypanosomiasis pro-
blem, a more fundamental approach — requiring an understanding of the
biochemistry and antigenicity — offered a better long-term solution
to the lead that may emerge from the empirical approach. Fall-out of
this fundamental approach might well include the development of better

techniques.
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for immuno-diagnosis of trypanosomiasis.

Trypanosomiasis control through chemotheraphy has shown that
a few drugs have good possibilities. But prospects of future research
in this field are meagre since the drug industry has lost interest in

this field: it does not seem to offer much commercial returns for them.

Trypanosomiasis control through vector control contains
several interesting possibilities. The sterile-male teéﬁnique is one of
the promising avenue,; traps charged with attractants offer another
avenue; but other approaches need to be explored so as to widen our
arsenal for the control of tsetse population. Some of these novel approach
are: (a) to produce an antibody in the mammalian host which inhibits the
activity of the anticoagulant in the tsetse salivary secrefion; (b)study
of the genetics of those tsetse populations that are susceptible to try-
panosome infection; and (c) discovery of a specific blocking agent for
neuromuscular or neurosecretory activity in tsetse flies. A great deal
of controversal discussion went on around the subject of insecticidal
control of tsetse flies; but it was the general feeling that deeper research
should be carried out on these newer possibilities with-the intention of

controlling tsetse flies through integrated programmes.
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CONCLUSTION

The Conference was most productive., It brought together
experts in a number of fields which do not normally work together
in considering trypanosomiasis. The value of this confluence of ideas
and expertise was most apparent. And it was the overwhelming view of
the sponsors of this Conference and of the participants that meetings of
these nature be convened at intervals to review progress in trypanoso-

miasis resecarch and map out future strategies.
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