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Tthat any were tound, The liver was als0 removed, Crushed and

examined for worms.
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animals of acguired resistance to schistosome infections.  Acguired
resistance is the protection against infection which is developed in an
animal as a result of a previous infection, or as a result of artificial
immunisation.,

Many animals have been used to demonstrate developed protection
against schistosome infections, The most commonly uscd laboratory

host animal is the rhesus monkey Macaca mulatta. This monkey has been

used to demonstrate acquired resistance to 5. mansoni and S. Jjaponicum

infections. Its use has both advantages and disadvantages.

M. mulatta has a strong natural resistance to infection by both these
species of parasgite, and inf'ections die out within four years.
However, it can be used for the demonstration of acquired resistance
since this develops rapidly. Since the animal is refractory to the
infections, any demonstrated resistance or immunity must be considered

to be both innate and acquired. Monkeys of the genus Cercopithecus

have also been used for experimental purpeses. This monkey is also
unsuiteble since it is highly susceptible to inflection, and the infec-
tions are persistent; 1little resistance can be demonstrated. The

rabbit Oryctolagus cuniculus, the white rat Rattus rattus, the golden

hamster Mesocricetus auretus, and the white mouse Mus musculus, have

also been widely used. Most experiments to investigate acquired
resistance in animals have involved the use of the parasite species

S. mansoni or 5. Japonicum, but some workers have used the allied




parasite Schistosomatium douthi

immunological studies using eit
been reported.

None of thc reported inves
accepted as dealing with a para
the results may therefore refle . -
the additive effects of innate resistance, In some cases, however,
the acquisition of resisteance may be hindered by high susceptibility.

In all such experiments, therefore, the results can only be accepted
as applying to the particular host species used, and not to any other.

In the majority of the reports, resistance has been demonstrated
by following an initial infection or series of infections, referred to
as the immunising infections, with a heavy later infection, referred
to as the challenge infection, The results are compared with those
from control animals which have received the equivalent of the challenge

fection without the immunising infection. The resistance may he
manifested in many ways. The number of eggs passed by the animal
may be lower than in the controls, the number of worms maturing from
the challenge inflections may be decreased, and these worms may be
stunted, In addition, the pathological changes resulting from the
inflection may be lessened, and the animals may be able to survive
challenge inf'ections which would be lethal to non-immune animals.
The immunising effects of infection with attenuated but still living
rarasites, achieved by exposing the animals to irradisted cercariae
have been studied. There have been reports on the effects of anti-
genic stimulation with antigens derived from dead worm material
(somztic antigens) and from secretory or excretory material (meta-
bolic antigens). The demonstration of passive transfer of
resistance by the transfer of serum from immne to non-immune
experimental animals has also becn attempted.

Challenge infections have been most often in the form of super-
infection where the animal has been exposed to infection additional

to the still living immunising infection. Ilowever, the effects of
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re-inf'ection, where the animal is exposed to chatllenge ant'ection arter
the death of the original immunising infection, have also been reported,
This difference is important gince if the ~votection persists after the
death of the worms of the immunising infection, and after the removal
or decay of any antigenic material, e.g. eggs, it indicates a true
immune response which is independent of the presence of antigen.

The decrease in the numbers of worms maturing from challenge
infections in immunised animals, compared with normal animals subjected
to the same infections, was first reported in detail by Vogel and

Minning (4195%), who studied the course of infections of S. Jjaponicum

in rhesus monkeys. They reported almost complete protection conferred
on the monkeys after periods of up to 30 months, with few of the
challenge cercariac maturing into adult worms. The monkeys were able
to withstand without ill-effect repeated challenpge exposures to doible
the number of cercariae which would heve been lethal to non~immune
monkeys. They also reported that some of the monkeys were treated
with drugs for the immunising infections after periods of up to 600
days, and then challenged to normally lethal numbers of cercariae.
These animals also survived the infections and, when subsequently
sacrificed, no worms were reccvered and nc egpgs were found in the
liver. 1In spite of the use of rhesus monkeys for these experiments,
the results are valid since adeguate non-immunised control monkeys
were also used., However, there can be nc proof that, after the
chemotherapeutic treatment, there was no antigenic material from the
dead worms rem&lning in the monkeys at the time of the challenge,
Kagan and Lee (1953) found that, in mice, resistance to

3. douthitti was destroyed by chemotherapeutic treatment. However,

they had allowed a maximum immmising period of three months between
the initial infection and the drug treatment, and this is possibly
too short a time to allow for the development of a permanent immunity.
Vogel and Minning (op. cit.) working on a longer immunisation period,
found that almost perfect protection was possible even after using

only male cercarise for the immunising infection, and after drug
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arrangement. Three groups of 30 mice were used. I
14, each mouse was injected with 50 cercariae, accord:
standard arrangenent for immunising and challenge inf
the results from this group were used for conparison :
experinental secries. The rnice of group 1B received :
exposurcs of 25 cercariace, and those of group 1C reced
A1l groups were chellenged after six months to 250 cex
percutancous infection, and killed aftcer a further twc

The results for this series, giving the nusbers «
and the relevant square root transformation annlyses, are given in
Table 2, Table 3 gives the comparison between these analyses and
those of the challenge controls. Since the immunised and challenged
nice were exposed to greater total numbers of cercariase than the
challenge controls, it was necessary to introduce corrections based on
the results of the imounised cobtrol groups. The derivation of these
corrections is discussed in the appendix 1 (poge145). The results
for the challenge control and the irmumised control groups are
presented in Toble L.

The results show that the difference between the transformation
neans of group 1A originally exposed to 50 cercariae, with an immuni-
sation period of six months, and the challenge control group, was.
2.03. The standard error of difference was 0.48, showing a-signifi-
cant decrease in worm nunbers from the challenge exposure in the
immmised mice.

The difference between mewns of group 1B, exposed to an
inmunising infection of 25 cercariae, and the challenge control group
was 1.6, with a standard error of difference of 0,40, again showing
& significant reduction in worm burden. For group 1C, exposed to
100 inmunising cercariae, the difference between the means was 2,22
but the high standard error of difference of means of 1.68 detracted
fron the significance of this diff'erence.

When comparing groups 1A, 1B and 1C of this first series, the

corrected means showed no statistically significant difference in
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TABLE _414.

Results of Intradermal tests and eosinophil counts in two human
volunteers experimentally exposed to infection. The results
are given for the day of exposure and thence for intervals of
one weeck for 18 weeks after exposure.

Male Voluntesr (V.C.) Femzle Volunt

Intradermal | Fosinophilia | Intradermal | Ec

test {per cent) test (
Exposure date (7.2.1552) negative 3 negative
18t week after exposure negative 3 negative
nd % " n negative L negative
3rda " " " positive 8 negative
4th " K " positive 8 negative
Bth " " " pogsitive B negative
6th " " a positive 7 negative
7th " " n doubtful 3 negative
Bth " n " doubtful L negative
9th % " " doubtful 3 negative
40th " 1 " doubtful 7 negative
14th " b " peositive 1 negative
12th " " " positive 4 negative
13th " " not done not done negative
1hth i " " not done not done negative
15th M i n not done not dene negative
46th " " t not done not done negative

17th " " " not done not dene negative le

18th " " not done not done negative le
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edly exposed to re-infection during the next 10 years
again been found tc be passing eggs, nor has there be
sign of' the redevelopment of active infecticn.

The direct evidence, from human inflecticns, of 1
insufficic : to warrant a firm conclusion that resist
ziasis is acquired by man. This information can be
indirect evidence that antigen-antibody reactions occ
immune responses in the host are pessible, and also &

evidence.

Antigen-antibody Reactions in Tmmmeclogical Tests as

of Parallel Protective Re¢ onses.

It has yet to be proved that a person with a par
can develop circulating antibedies which will afflord
against the parasite. However, there are circulatin
the serum of such an infected person, and these antik
detected by serclogicail tegts. These detectable ant
necessarily protective in action. The distinetion n
made between detectable and protecti- antibodies,
presence of detectable antibodies in serum does not ¢
of the concurrent existence of protective antibodies,
duced by the same stimulus, Evidence of the presenc
antibodies indicates that the host is capable of an i

> the presence of the parasite. The presence of de
bodies therefore indicates the probability that the h
produce protective antibodies.

A large number of diverse diagnostic technigues
developed to detect the circulating antibodies reault
paragitic infection, and generally these technigues a
medifications of tried and proven immuncdiagnostic te
the identification of bacterial or virus diseases.
these technigues can be used to detect inflections in
the species cof Schistoscma is evidence of immunologic

resulting from schistosome infection. If there is i
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500 cublc metres an hour, and there are no distribution canals or
furrows, Mogt of the canals and sll the furrows are unlined, and they
support plant growth, particularly of Nitella spp. and Potamogeton sp,:
they are normally cleared of this vegetation cnce a year, during the
rains, The canals flow through two large dams, each impounding more
than 50,000 cublic metres of water, and there are a further six dams on
the estate 1mpounding betweern 5,000 and 20,000 cublc metres each. &1l
waters, including reservolrs, canals and furrows are heavily infested

with snails, including Biomphalaria pfeifferi and Bulinus {Physopsis)

globosus,

There is a labour force of 250, and the total African population
is approximately 800, 4ll domestic water is obtained from the canals,
and the reservoirs and canals are also extensively used for swimming
and flghing. Although latrines are sopplied they are seldon used, the
people preferring to use the citrus groves or the surrounding uncul tivated
lands for defaecation: wurination occurs almost anywhere, the people,
particularly the males, showing little desire for privacy., Contamine
ation of the water with urine and faeces is therefore frequent.

Chipoli lies in the hot lower Mazce Valley and, with the climatic
conditions, the abundance of surface water, the extensive snail colonies,
and the continuous and intimate contact the people have with the water,
it would be expected that tho level of transmission would be
exceptionally high during the summer, and it would remain high through-
out the year.

A stool and urine specimen examination survey to assess the
prevalence of bilharziasis was undertaken in February, 1964.

Climatlc data:
Situation: latitude 17° 14! S., longitude 31° 40' E.
Height above sea level: 968 m,
Mean annual rainfall: 80 cm,
Temperatures: Summer (October) mean maxima for month 3200.
gunmer (October) mean minima for month  16°C.
Winter (June) mean maxima for month 2693,

Winter (June) mean minima for month 7°C.,
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A stool and urine examination survey was conducted during February,

196k,

Climatic data:
Situation: the area is bounded by latitudes 20° B0'S. and
21° 10'8., and longitudes 3° 20'E. and 3° 50'E.

Height above sea level: 421 no.

Mean anrual rainfall: 60 co.

Temperatures: Summer {October) nean maxima for month 34°C.
Sunmer (October) mean minima for month 17°C.
Winter (June) mean maxima for month 26°C,

Winter (June) mean ninima for nonth 7%.

5. The Prenier Citrus BEstate, 30 Kr:. north-west of Umtali near the

eastern border of Rhodesia, was brought under flood irrigation in 1858,
Approxinmately 600 people reside on the estate. The water for the
irrigation is broughl fror the Odzani River by means of an unlined canal,
14 Km, long, which runs through three earthén night storage reservoirs.
The houses fcor the labourers and their families are sited near the
reservoirs and canals, which form the sole source of domestic water.
Latrines are provided, but they are not always used.  Although snails
of both important specics were found, they were not as plentiful as
expected; no reason could be foumd to explain this fact. It was
expected that incidence would bc moderately high, and that transmission

would be seasonal.

Climatic data:
Situation: 1latitude 18° 55'S., longitude 32° 33'E,
Height above sea level: 1018 m.
Mean annual rainfall: 80 cn.
Temperatures: Summer {October) mean maxima for month EOOC.
Summer (October) mean minime for month 46°C.
Winter (June) nean naxims for month 2300.

Winter (June) mean minina for month 7%,
















































































































































PER CENT PASSING S.CAPENSE EGGS
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AGE IN YEARS

Figure 18. Results of urine examination swveys
for 3. capense infections in African children in

the Chikwanda and Zimutu areas in 1960 and 1962,
before and after a period of effective snail control.
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The popular theory that the decrease in age prevalence of
infection and in egg production in older people is the result of
mechanical fibrotic obstruction of egg passage through the walls
of either the bladder or the bowel, is totally unacceptable. It
is also unaccceptable that these decreases with advancing age are
the results of natural senescence of the worms, which have been
shown to have a life span of over 25 years in several recorded
instances., The results reported in this study, and by other workers.
show that the only acceptable conclusion is that the death or the
inactivation of the worms of the infection are the result of host
response, which affords a protection or resistance against future
inf'ection,

Recent incomplete investigations by Gelfand et al. (1964, in
press) indicate that there is = transfer of detectable antibodies
from mother to child during pregnancy, since antibodies have been
detected by the bilharzial fluorescent antibody test in the sera
of new-born infants of infected or previously infected mothers.
Further investigations with more specific and reliable tests,
possibly the complement fixation test, are reguired to conf'irm these
reported results. If protective antibodies are zlso present in
infants as a result of congenital passive transfer, it would explain
the scarcity of infections in young infants who, under conditions
currently prevailing in Rhodesia, are often exposed to infection
from a very early age when they are bathed in natural water.

Reference has becn made in this work to rccords of individuals
in whom resistance apparently may persist after chemotherapeutic
treatment. These records and the data from the epildemiological
surveys indicate that the development of resistance in man mey be
in two phases. In the early stages of infection, the resistance
is probably in the form of a premunition, where the protection
conferred on the host is dependent on the presence of a living
infection., At this stapge, the death of the worms after chemo-

therapy would result in the Joss of resistance, and the host would
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infections, These infections will occur in the economically produc-—
tive adults as well as in the children, The resulting morbidity in
adults could have an adverze effect on the economy of the irrigation
programmes,

Eventual control of the disease will require a combination of all
available methods to break the cycle of the disease or to limit the
extent of transmission.

This study has cmphasised the nced for detailed research prior to
control. The importance of the influence of zequired resistance on the
epidemiology of the disease has been overlooked in the past. On availatle
knowledge it would appear that control should be limited to those areas
where transnission of the disease is too high to allow the development of
resistance. This weuld apply only where control is designed to protect
the African community; where Europeans reguire protection, il transmission
must be stopped. Epidemiological investigations therefore determine the
priorities of control, and the policics of control can only be determined
on a sound knowledge of the seasonszl patterns of transmission of the
disease.

If control is aiied at limiting or eliminating the clinical disease
in a community, and not at protecting the individual, there are a number
of investigations which are required.

It is nccessary to deternine thce mechanism of the development of
resistance. If, in fict, there is developed in nan a true immunity
which is preceded by a stage of premunition, attempted control by mass
chemotherapy could do more harm than good. This would happen if the
protection duc to premunition was destroyed by the drug treatment, and
the individuals were subseguently exposed to heavier infection.  The
nass treatment of all Africans, a common practice on many Rhodesian
farms, cannot be Justified.

This study has demonstrated that the patterns of transmission to
which the people are exposed influence the levels of acquired resis-
tance developed in the people.  More dotailed investigations on thesc

influences are required, Such information will be available from
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surveys to assess the prevalence patterns in communities cexposed to
all th. differont patterns of transmissiomn. Regular surveys in the
labourers and their families forming the new communities of the
irrigaticn estates will provide information on the development of
resistance in unprotected communities.

The answers to the control and eventual elimination of bilhar-
ziasis cannot be expected from lsboratory research in non-endemic
countries., Laboratory and field investigations in endemic areas
must be intensified if the disease is to be controlled, but there
is an wrgwcey for these investigations which is not fully appreciated.
Tt is estimated that the irrigated aress of Bhodesin will eventually
support over one milliocn people, and the annual income from sugar
production alone is expected to exceed £100 million within the next
decade, This gigantic ent.rprice could be jeopardiscd by bilhar-

zlasis.
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PART V,

SUMMARY,

(1) This study attempts to assess the importance of immunological
resistance against infections of Schistosoma spp. in man and in
lavoratory animals.

(1i) The development of acquired Tesistance in white mice is
demonstreted by high mortality of worms of challenge infections in
immunleed mice, The number btf worms recovered from imminised and
normal mice were compared.

(iii) The mice were immanised by exposure to infection by S.mangoni.
The nuwbers of cercariase used for the immunising infections, the
immurising period between the initlal infection and the challenge
exposure, and the patterns of exposure were varied.

(iv) The results of animal infection experiments showed that
resistance was acquired very rapidly in mice exposed to single
immani sing infeations, Multiple immuniging infections did not result
in effective resistance, Heavy initial infections resulted in high
mortality in the test .iice, and the survivors showed only low
registance,

(v) There was no apparent stunting of the worme ag a result of the
acquired resistance. The methods uged dld not detect any decrease
in the number of eggs laid by the wornms of the challenge infections,
(vi) The results of experimental infections in rhesus monkeys
reported by Jachowski et al, (1963) are discussed. These results
showed a decrease in egg production from the animals as they developed
resistance, The rate at which the resistance developed depended

on the nature of the immunising infection,

(vii) Two series of human volunteer experiments are discussed.

One of these was reported by Fisher (1934), and the othsr was under—
taken locally. These cxperiments indlicate that resistance is

developed in man.
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APPENDIX 1. (Cont.)

Statietical analysis of differences in average S,capenss egg

production in infected people of different age groups. Resulis

recorded from the Bikita iine.

The significance of the differences in average egg production
for the different age groups examined was analysed by the Kruskal-
Wallie one~way analysis of variance method for large samples (Siegel,
1956). This non—parametric test was preferred to parametric tests
because 1t does not require the corrections for heterogenelty of
variance which would be necessary for the F test, and because,
al though the non-paramnetric test loses some sensitivity, the results
give a low order of probability for the null hypothesis and therefore
a high degree of sonsitivity is not necessary, Table 23 gives the
actual 8§.capense egg counts recorded at the Bikita mine, arranged in
age groups. The age groups under 4 years and over 40 years have
been omitted because only 1 and 2 people in these respective groups
were passing eggs. The table also gives the ranked order for the
counts, with ties belng given the mean of the ranks for which they
have tied. Table 24 lists the ties and the values for T for each
tie, where T = tJ - t, t being the number of counts in each tie,

The factor T is used in determining the correction required for the
ties,

The test i1s required to demonstrate differences in the means
of ezg counts in the different age groups.

The formula used is

k
E= 12 RjZ - 3(¥ + 1)
@+ 1) n;
j=1

where H is the parameter measured by the Kruskal-wallis test, and is

the measure of the disparity between the sums of the ranks for each
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age group; 1t is also the likelihood that.the samples wers drawn
from the sams population.
k is the number of samples (age groups),
ny is the number of counts (ranks) in the jth. sample,
N is the number of counts in all the samples ( ) uj),

Rj is the sum of the rank values in the jth. sample,

k
T’
f . stipulates the sum of the k samples.
J=1
substituting,
HE = 12 (504100 . 5890329 . 35176761 L 5643000 ’ 6901129
169(1707 ( © 22 60 41 2
861300 _ 3 a9+ 1).
i)
B =~ 24,35
It 13 now necessary to correct for ties, using the formula
B = i
1-537
0 - &
Table 24 gives the ties that occurred, and the values T = £3 - .
Substituting
B, = 24.35 = 24,591
T 72 e
4826640

His distributed approximately as chi-square with k = 1 degrecs
of freodom for large' samzles.

Yhere H 24.591, with five degrees of freedom, p is less than
0.001, and the significance of the differences in egg production in

di fferent age groups can be accepted.
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APPENDIX 1. (Cont.)

Apalysis of numbers of infected people, in four age groups, passing

more than 201 eggs of S.capense in one hour, Results recorded from

Premier Eatate,

Table 25 sets out the actual numbers of the people of the
Premler estate who were passing under or over 201 eggs of S.capense
in one hour urine specimens, The numbers are set out in a contingency
table for the chi-square determlnation.

The null hypothesis tested was that the proportions of people
passing more than 201 eggs was the same in all age groups. The
expected values for the numbers of people passing more or less than
201 esmgs were derived from the total numbers of people examined and
the total numbers in each category.

With 3 degrese of freedom, the chi-sguare value 19.390 gives
a probabilitv of less than 0,001,

It can be accepted that the proportions of people passing over

201 eggs differ in the age groups examined,
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