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It is reasonable to presume that the schistosomes have
been parasites of man for some considerable part of his evolufionany
history. Under the ecological conditions which prevailed in the
past, the inter-relationship between both primary and secondary hosts
and the parasite itself had evolved towards an equilibrium; thus the
schistosones wére in a position to maintain their numbers among the
sparse and nomadic populations éf man end the temporary and rather
unstable populations of aquatic snails without causing excessive
stress on the infected persons,

This pattern of host-parasite relationship probably existed
in Rhodesia right up until modern times when rapid economic and
agricultural development have resulted in settlement and massive
increase of the human population. Latterly, the need to conserve
natural resources and the implementation of soil and water conservation
procedures in the country has produced major changes in the overall
hydrological picture. The construction of dams has stabilised water-
flow and resulted in less flash floods in the streams ani rivers, most
of which are now of a perennial nature. Thus there has been an increase

in the extent of snail habitat over the country; and because the water-
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bodies are more durable, aguatic snail populations can increase
as a result of the general amelioration of the environment,

Vhere agricultural projects are based on irrigation, large
populations now live in close relationship with stable water systems;
snails invade and breed, water contact and pollution increases, and
this in turn produces a major upsurge in the prevalence of bilharzia
(schistosomiasis); and, what is probably‘more serious, an increase
in the worm load of infected persons.

The aguatic environment and schistosome +transmission
b e SIS R A AL N TRl Tt -.A.t—x;mm

An association between the level of schistosome transmission
and geographical extent of surface water was noticed as early as
1915 vihen Orpen (1915) recorded a 31% infection among 592 gaol
rrisoners, the majority of those infected coming from the northern
damper parts of the country. This pattern was strikingly demonstrated
more recently by Clarke (1966) who analysed the age prevalence of both

Schistosoma haematobium and S. mansoni in several different commmities

in Rhodesia. In Table 4 the association between climate, topography,
extent of water availability, and prevalence of the parasite

(s, Qggpatdﬁigg), are clearly shown., In particular, the high pre-
valence seen in an established irrigation scheme some L0 years old
7(5) in the hot lowveld approximately 2000 feet above sea level, shows
the degree of transmission which can develop. ﬁnder these conditions
there is no appreciable fall off in the prevalence among the older

age groups, which is a characteristic of all the other populstions

surveyed, even from the newly established irrigation scheme, No.6.
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The pattern of transmission seen in Table 1 is further
accentuated in Table 2 which deals with the prevalence of 5. mansoni
in the same localities. Vhere waterbodies are inclined to be un-
stable and temporary as with communities 3% and 4, the parasite is
rare, It becomes. more common in those communitizs existing in
association with stable ﬁatefbodies, especially vhere temnperature
and contact increase. Again the prevalence iﬁ cﬁmmunity 5 shows a
particular and high rate of transmission.

The close association between S. mansoni and the communities
living close to stable water systems is a direct fesult of the ecology

of Biomphalaria pfeifferi, the intermediate host snail involved in its

transmission cycle. The response of a species to a set of environ-
mgntal conditions can be measured by rearing individuals under those
particular conditions and calculating from the age specific birth
and death rates, a parameter, the intrinsic rate of naturael increase.
The influence of temperature on the intrinsic rate of natural in-
Crease Qg) of' this species has been inves£igated by the vriter

(Shiff and Garnett 1967, Shiff and Husting 1966). It will be seen
in Fig. 1 that over the optimal.range of temperature B. pfeifferi
has a moderately high and stable value of r, This is different

from the parameter calculated for Bulirus (Physopsis) slobosus under

similar conditions. The value for r in this species, which is the
intermediate host for 3. haesmatobium, shows a high peak value at the

optimum temperature of 25 C, (Shiff 196ha, b.). I+ can be inferred
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from these data that B. pfeifferi is better adapted to existence
under stable, well buffered temperature conditions wiich normally
are found in large waterbodies. B. globosus, on the controry, shows
the characteristic adaptation to temporary hzbitats. It can breed
rapidly during relatively short periods when conditions are ideal,
and thus build up sufficient nmumbers to survive ensuing catastrophies
such as flooding or desiccation, both of which are an snnual feature
of the season pattern in this letter biotope.

The impact of development on the problem of bilharziasis
in rural Africa has produceﬁ an illness of increasing severity.
The effects of increasing;ﬁ; haematobium infections, with concomitant
kidney and bladder damage, are slowi:,r being superceded in the popula-

tion by an increase in the more dangerous parasite, S. mansoni. This

is because populations of B. pfeifferi sre becoming more widespread
in the increasing number of stable waterbodies sppearing over the
country, The changing picture can be seen in two different ways.
Vhite school children from rural sreas are inclined to swin and fish
in farm dams, while their counterparts, the black school children,
have more contact with river waler in the rural ereas. In a recent
survey of 4S80 white chiléren in the Victoria province, the ratio of

mansoni. to hasmatobivm was 3 : 1. In Bantu children from the same

province the mansoni haematobium ratio was 1 : 2.6,

A recent survey‘amoné the population of a small irrigation
scheme in the Zanmbesi Valley (hot, lowveld) indicated that, of 153

people examined, 89 percent were infected witn S. monsoni while only
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20 percent showed signs of S, haematobium, Prior to the survey

11 deaths had occurred among children between 5 - 13 years of age and
a further 16 children, all exhibiting similar symptons of hepato-
splenonegaly, were given treatment for S. mansoni.

As can‘be expected, with the more intense cycle of infection,
people are now carrying increasingly heavier burdens of the adult
schistosome worms., As a result of this an increased number of un-
usual symptoms and sequelae of bilharzia ere being noticed, Bird
(1965) in reporting on cases of spinal complications in bilharziasis
mentions that up to 1963 literature on this subject reported a total
of 26 cases of S. monsoni and 11 of S. haematobium. In 1964 Bird
himself examined a total of eight cases, one of which was terminal,
Later Zilberg (1967) noted a cese of S. mansoni induced paraplegia
in a child, while cerebral sbnormalities were seen in three other
cases, (Zilberg et al 1967). A further seven undocumented cases
of paraplegia, presumed to be of bilharzial origin, were reported
to the Rhodesian Ministry of Health in 1967.  This indicated that
in the last four years almost as many cases of spinal complications
due to schistosomes have been reported in Southern Africa alone, as
reported for the whole globe up to 1963 (excluding S. japonicum in-

fections).

Puture Outlook

Vith the rapid increase in population in central and southern
Africa, development of agriculture will depend more and more on irris-
gation especially in the more dry parts of the country where rainfall
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is unreliable, In Rhodesia from 1964 until recently, the amount

of irrigated land has increased by close on 100,000
are now 126 irrigetion schemes ranging in area from
acres in rural areas reserved for Bantu settlement.
water from dams of various sizes, perennial rivers,
ranian sources, However, regerdless of from where
the overall stabilisation of the aquatic biotope is

with it the increased problem of bilharziasis,

acres, There
20 to 3,000
These derive
or from subter-
the water comes,

occurring, and



TABIE 1. DPrevalence of Schistosoma haematobium infections in several communities in Rhodesia
After Clarke (1966).
: _
Community Occupation ' Altitude Hydrology Age Groups
Number )
Under Ove:
. b L4=6__7-9 _10-12  13-15 16~20 21-40 40
1. rural | middle veld™ | Vell watered | No. Examined 25 49 58 46 26 15 68 11
mineworkers | 2 = 4000 perennial © | % 4ve 16 61 78 80 88 g0 2 5
2. | rural | highveld well watered | No. examined 32 62 74 5L 52 33 L5 52
mineworkers over 400C* mmmmosm“_.m. “ ¢ ve 3 16 3l 63 69 52 29 8
3, . rural middleveld well watered | No.examined 18 40 66 106 77 78 22 20
“ minevorkers 2 - LCOo! seasonal o +ve 6 20 33 57 53 Ly 18 10
L. W rural nighveld poorly ém.wmu.m_w lio. examined 18 25 100 76 13 15 1L 102
i ! ;
! mineworkers over L4000" seasonal | % +ve Nil 12 13 13 39 29 13 1
Be irrigation lowveld well watered ” No. examined 9 76 55 25 15 271 101 25
{ { -
| (o1d) under 2000" peremnial | G +ve 89 96 98 96 92 50 72 57
6, | uHHHmmﬁ.PoW " lowveld well watered m No. examined 30 87 66 wm Pm. 106 muw_ 116
| new | under 2000° peremnial | % +ve 30 30 5% 7k 67 55 33 7

Footnotes 4,
B.

i

As Bnodesia is a tropical country prevailing temperatures increase as altitude decreases

The distinction between perennial and seasonal is based on availability of water from permanent

sources or temporary ponds filled by seasonal rains.



TZBLE 2. ©Prevalence of Schistosoma mansoni infections in Rhodesia, Svrveys made in the sane

commmities as in Table 1 and at the same time. After Clarke (1966),

Community L .
Nurber | Age Groups
“ Under Over
B - 1 & k-6  7-9 10-12 13-15 16-20 21-40 40
Y . No. Examined 6 27 L5 50 2l Not . 29 il 3
% +ve Wil 41 78 53 58 done 28 18
2 No. Exemined | 33 61 73 53 52 33 106 51
% Ve " 3 7 10 L3 Ll 18 15 20
. o Bramins i ,ﬁ .:mm.,_‘_:_._,mw_.._.. -_m.\. — :mm v mo,
5o +ve | 5 3 5 6 3 12 U 5
4 No. Bxamined | 1» 26 100 75 1 9 95 95
% +ve Vil  Nil 5 3 Nil Nil 6 6
5. No. Lxamined 8 70 51 23 15 2l 95 32
% +ve | 50 83 92 87 - 67 50 59 50
6. "~ No. Examined 30 87 66 38 L2 106 257 116
% +ve L 13 11 i7 50 2l 16 . 10 i
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The situation outlined in the case histories on schistosomesr
and development rejuires immediate preventive action to avert the
growing menace to public health., As there is yet no prophylaxis
people cured by chemotherapy are irmeldiately at risk again once treat-
ment ceases. The best approach to achieve reduction of the problem
is to reduce the inflectivity of natural waterbodies wirich have been
colonised by intermediate host snails of the schistosomes. Because
snaik once infected will produce cercariae for several months, and,
at this stage in Africa, it is almost impossible to exclude human
contact of the water, the strategy has been to attack the agquatic
snail populations with chemical poisoné.

Iﬁitial experiments were carried out in Rhodesia as early
as 1950 (Clarke et al, 1961) using copper sulphate, They showed
that it was feasible to reduce the snail populations by spraying the
chenical into waterbodies at approximately 20 = 30 parts per million
(ppm). However, the desirability of adding a stsble biocide to
water eysiens, particularly static waterbodies, was disputsble, but
when sodium'pentachlorophenate (NaPCP) became available large-scale
experinments were urndertzken, Early reports indicated that this
chemical was more selective, and being organic, it would not be as
stable as copper sulphate (Hiatt et al., 1960); furtnermore, it was
to be applied to aquatic systems at the lower concentration of 5 ppm.
At this stage experimental application of molluscicides to natural
water systems in Rnodesia vias expanding over four different geophaphical

regions covering some 4,000 square miles of territory.
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A vide variety of waterbodies was treated with chenmicalsz,
particularly with .sodium pentachlorophenate, and some of the results
of this spplication gave rise to immediate concern. The effects were
frequently noticeable in small lakes and ponds, particularly if there

was an abundance of 'soft' aguatic vegetation such as Nymphaea,

Otellia, Eptamogeton and others. At the molluscicidal doses these
plants were quickly killed by both sodium pentachlorophenste and copper
sulphate, and in the hot weather soon commenced rotting. This decaying
organic material increased the biological oxygzen demand on the water, and,
as there was no longer a source of transpiratory oxygen for the water
system, there was a tendency for ths system to become anoxic, At this
stage numbers of fish éhd other aguatic fauna died, and their rotting
bodies made the situation much worse, the ponds sometimes remaining
almost sterile until rejuvenated by the next rains, The writer person-
ally investigated nine such affected waterbodies = +two es a result of
using copper sulphate, and the rest as a result of sodium pentachloro-
Phenate,

One of these waterboiies, the Karoi dam, contained approxi-
mately 100 nillion gelions of water and was used to supply the nearby
village. In August 1962 the periphery was treated to a depth of
approximately six feet using sodium pentachloronnenate: 50 lbs, (23 ke)
of chemical was applied. Several days after spraying , power boats
were used on the lale causing considerable disturbance, Over the
next six days the oxygen status of the water decreased until large

nurbers of fish began to die. At this stage the vater bscame anoxic
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and developed a strong odour of decay, and large quantities of rotting
fish were evident in parts of the lake. The water was completely un-
palatable and remained so, in spite of expensive filtration techniques,

for four months until rejuvenated by heavy seasonal rains.

Experimnental Lvidence
—*_"" o gmr—

. s g

Clearly it was important to study the effect of these
chemicals in detzil, and this was done along with a new molluscicidal
product called Baylucid., Shiff and Garnett (1961) selected four trial
ponds L4 x 4 m in area and 60 cm deep, They were normally interconnected
by means of a water furrow, but for the duration of the experiment they
were dompletely isolated from each other ard any inflowing water. The

ponds were essentially similar in macro-vegetation, containing growths

of Potamoczeton pusillus,‘?olyponum'salicifolium and the elga Chara sp.
The ponds were numbered 1 to #; pond 1 was treated with copper sulphate
at 20 ppm, pond 2 with sodium pentachlorophenate at 5 ppm, poni 3 with
Bayluscid at 1 ppm and pond 4 was the untreated control. They were
sampled for plankton just prior to treatment and then on day 2, day 11
and day 32, post treatment. It was possible to classify the plankton
collected as follows: Cladocera; Insecta (lerval Dipters, Tricoptera,
Coleoptera, Neuroptera, Odonata, and Ephemeroptera; adult Gryinidae,
-Gerridae and Dytiscidae), and acarines; Copsepoda; copepod nauplii;
Cstracoda (nggig sp. ard others), and Spirogyra. A few Rotifera were
seen, but as they appeared only sporadically their numbers were excluded;

this was the case also with sone diatoms.
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The overall short-term effect is clearly demonstrated in
Fig. 1 which records the population fluctuation of the total nurber
of individuals in all groups. The immediate effect of both copper
sulphate and sodium pentachlorophenate was to reduce the population wvery
considerebly, whiie only a slicht reduction was apparent after treat-
ment with Bayluscid. The Cladocera anl copepo?s appear to be highly
sensitive to the molluscicides, particularly the more stable chemicals.
The phytotoxicity of these latter compounds is agparent from the
Spirogyra data.

Yore recently a new molluscicidal chemical, Frescon, hes
been tested (Shiff, 1966)1 and, together with Bayluscid, it appesrs to
have very little effect on the plankton normally found in small ponds
and dans in Rhodesia. The data are shown in Table 41 where it can be
seen that even the sensitive forms, the Cladocera and Copepoda,
remained relatively unchanged after treatment of a viaterbody with
Frescon.

It would thus appear that the two compounds Bayluscid and
Frescon are selective snail poisons; however, most species of fish
are éensitive to both compounds in verying degrees. Shiff, et al,

(1967) have shovmn that bream, Tilapia mossanmbica, can tolerate a

higher concentration of Frescon than the related I. melanopleura,
while personal observation shows that Clerias sp., (barbel) are sensi-
tive to all molluscicides.

The latter observations were carried out in smell, static

waterbodies. Hovever, in an snti-hilherzia campairm, much of the
H e - (Sl |
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water treated is flowing and application can either be to effec%
total coverage Cblanket), or focal, i.,e, only vhere snails are found.
Harrison (1966) has studied the effects of blanket spraying two streams
from source dovmwards with Bayluscid., One stream fiowed with sof't
water over stony runnels and small pools, and after spraying retained
chemicel fron 2 -~ 24 hours. Thé second streamn, a somewhat larger
one, carried hard water with a longer retention time up to three days.
Blanket spraying produced concentrations of 0.2 - 0.4 ppn of Bayluscid,
Harrison recorded the following effects:
" Tmmediate
1. Gastropod snails were virtually eliminated,
2, All fish were killed. TFish died more rapidly in
soft (5-10 minutes) water than in harder water (2-6 hours).
3. The rest of thé\invertefrate fauna, especially insects
was not seriously affected. In the sof't water strean
some were excited and others became moribund, but, at
least in some cases, these effects were temporary and
reversible, There was 1lo reduction in density of
invertebrate predators such as crabs and Odonata.
Subsequent ef'fects
L. Recolonisation by snails which are hosts to schistoscmes

Bulinus (Physoosis) spp and Biomphalaria pfeifferi, was

slow. In the strean vwith hard water ther began to

reappear after 10 months aiter treatment but in the
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sof't water none was found af'ter 22 months after
treatnent. Cther snails, specially smaller species,

returned more rapidly.

5. There were local increases in density of insect larvae
including mosquitoes during the first three months
after treatment. "
The technique, evolved in Fhodesia, of aprlying molluscicides
to aguatic systems, is based on snail surveillance. Essentially, when
a stream or waterbody is brought into a bilharzia control scheme, it is
initially blenket sprayed using a suspension of molluscicide applied by
means of a stirrup pump or pressure sérayer. Subsequently waterbolies
are inspected every 6 - 8 weeks by rangers trained to look for snails,
and chemical 1s applied only to those foci where intermediate host snails
ere found to occur. lo attempt is made to eradicate snails, but artificial
pressure is maintained upon the population of those species whicéh transmit
schistosome parasites. As soon as they incréase in density and becone
obvious vithin the biotope, the focus is dosed with chemical, Harxrison
and Mason (196?) studied two streams which had been unier surveillance
for two years and matched each stream with a similar untreated one near-
by. The invertebrate fauna of 2ll four was studied periodically over
a year, They recorded the following results of the application of
Bayluscid under the system of snail surveillence:
"l. No schiétosome nost snails were found in the treated streams

until surveillance was discontinued, Other snail species were

fDLmdﬁ 8/0---0




2, The surveillance treatument appeared to have no significant
ef'fect on the invcrtebraté farma, incluiing those anthropods
knovn to prey on snails.

3. Fish were not eliminated from the one trested stream which
was sampled for then,

o When surveillﬁnce treatment was discontinued, host snails
returned within two or three months and, in one case, an
gbnormally high density was built up. "

The application of toxic chemicals to any water system should
not be lightly considered as it must have some disruPting effects on the
flore and fauna, although they have not been detectable in the studies
reported here. However, in the face of severe public health problems
some control must be achieved and it woulid appear that this has been
done with minimun interference of the biotope., The reduction in
populations of inﬁermediafe host snails produced by snail surveillance'
has been showm to reduce the incidence of urinary bilharzia (Schistosonma
haenatobiun) in a rural population. Shiff and Clarke (1967) have
published the results of surveys carried out in a rural population living
in an area protected by srail surveillance over a period of seven years,
1960 ~ 1966, The data in Table 1 show an overall reduction in the
prevalence in each age group during the period 1960 to 1962 and 1963 -
1966, together with the progressive absence of infection in the younger .a
age groups. This gives some indication of the real impact of the

campaisn as practiced in Rhodesia,




TABLE *.

Results of Schistosoma haematobium surveys carried out in the Kyle Catchment Snail Control ares

from 1960 ~ 1966. Control originated in 1960.  (ifter Shiff & Clarke, 1967)

Year of assessment Age groups
A 6-7 8-9 10-11 12-13 1415
4960 No. examined 403 590 611 578 209 1, 106
percent positive 5. 5 132.6 556 70.8 63.9 65.1
1962 No. examined 17 160 367 504 657 731 44
percent positive 0 31 2g 35 43,7 146.4 56.9
1966 . No. examined 17 20 5 187 276 28 - 1413
percent positive 0 0 17.3 20.3 3165 47.6 42,5
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Figure 1. Showing the numerical fluctuations of the total nurmber
of individuals collected in each sample., Samples were made on
Day 0, Day 4, Day 11 and Day 32.- Pond I was treated with copper
sulphate at 20 p.p.'m. s Pond II with sodium pentachlorophenate at

5 pepem., Pond ITT with Bajrer at 1 pe.p.m. Pond IV is the
untreated control.

Figs. 1 = 7. ifter Shiff and Garnett (1961).
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Pigure 2, Showing nunerical fluctuations of individuals of the

order cladocera. Key as for Figure 1.
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Figure 5. Showing the numerial fluctuations of copepod nauplii.

Key as for Figure 1.
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Figure 6, Showing numerical fluctuations of ostracoda.
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