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The value of incidence for the assessment
of schistosomiasis control
A study in Southern Rhodesia

C. J. SHIFF'

Rapid assessment of the rate of transmission of schistosomiasis is essential in any
control programme. It has been demonstrated that, by following the pattern of infection
developing during a longitudinal study in a cohort of children under 6 years of age, it is
possible to calculate the incidence of schistosomiasis in the community represented by that
cohort. Children who werefound by survey to befreefrom active infection with schistosomes
were examined at intervals of 1, 3, or 4 months to determine the rate at which infections
of either Schistosoma mansoni or S. haematobium occurred. This gave an immediate
measure of the rate of transmission during the period under study. The rate can be cal-
culated for unit time- in this study figures were extrapolated to 120 days. Data are pre-
sented to show how the incidence measured reflects the efficiency of snail control procedures
carried out in the different farming areas.

In any scheme directed towards controlling a para-
sitic disease such as schistosomiasis it is necessary to
have a measure on the basis of which the efficacy of
the work can be rapidly assessed. Malacologic data
are of considerable value in the day-to-day operation
of such a scheme; they provide an overall view of the
rate of re-establishment of snail populations and indi-
cate where and when molluscicide must be applied.
However, in the long term, efficacy of control can
be measured only in the people one is trying to pro-
tect, and thus the rate of transmission of the parasite
must be determined by examination of the resident
population. To do this the epidemiologist has a varie-
ty oftechniques-serologic, immunologic, and parasi-
sitologic-at his disposal, but all present problems.
In persons likely to carry high titres of antibody,
whether actively infected or not, serologic and im-
munologic tests would be misleading, and only para-
sitologic techniques could be used. Even these are not
fully reliable in an adult population where individuals
may have a high level of acquired resistance and
apparently have light worm burdens (Clarke, 1966).

Parasitologic surveys for both Schistosoma haema-
tobium and S. mansoni can be carried out on a sample
of the entire community at any one point in time to
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establish the prevalence of parasites in various age
groups of the population. At a later date, usually
after 12 months, a second survey is undertaken to
determine any change in the age-specific prevalence
of the parasite in the population. A significant
change in the pattern can indicate whether trans-
mission is increasing or decreasing. Prevalence sur-
veys in the Kyle Catchment Area of Southern Rho-
desia (19°40'S: 31°E) over a period of 6 years showed
a striking reduction in transmission as a result of snail
control measures (Shiff& Clarke, 1967). Such surveys
involve examination of a large number of people
taken at random from the community. However,
they will give a true indication of the state of trans-
mission within an area only if the community is
stable and the population is not subject to a high
degree of immigration and emigration; otherwise
repeated prevalence surveys do not sample the same
population. In the large irrigation systems, there is
continuous movement of labourers and their families
into and out of the area and the majority do not
remain there for more than 12 months at a time.
Prevalence surveys carried out in the lowveld irriga-
tion systems of Southern Rhodesia did not show any
real change in the transmission picture, in spite of
control measures being operative; migration was pro-
bably invalidating the results.
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Farooq & Hairston (1966) considered these pro-
blems and indicated the value of using the incidence
of new infections in a community as an index of
change in the rate of transmission of the infection.
They suggested that incidence be calculated as an
annual rate. It was decided to follow this suggestion
in the present study but to measure the rate over
a shorter period of 120 days.

METHOD

Selection ofstudy population

Incidence is the number of new infections occur-
ring in a given population over a stated period of
time. In order to avoid complications of acquired re-
sistance, young people should be chosen, and it was
suggested by Farooq & Hairston (1966) that children
under 6 years of age be selected. Not only will ac-
quired resistance be minimal in this age group, but
parasite infections are more easily diagnosed by stool
or urine examination, and the number of false nega-
tives will be low. Furthermore, children in this age
group do not wander far from home and are strongly
under maternal influence. They are likely to be ex-
posed to infection as frequently as their mothers,
whom they usually follow to washing points and
other places of contact. As the assessment of inci-
dence requires a longitudinal study of individuals,
continuity is important, and before any child is
examined parents should be asked if they are likely
to remain for sufficient time to permit re-examina-
tion at a later date.
As with all epidemiologic procedures the method

used for obtaining a sample of the population is criti-
cal. Groups of individuals should be examined from
several different localities spread over the region to be
investigated.

Areas considered

Incidence of schistosome infection was assessed in
3 different regions of the country.

(a) Hippo Valley and Triangle Estates: a large irri-
gated area in the south-eastern lowveld. The farms
cover some 30 000 ha where snail control measures
have been operative for several years (Shiff et al.,
1973). This region has an altitude of 300400 m. The
2 estates are divided into a number of separate farms
or sections, each with its own housing compound.
On Hippo Valley, where water is applied by flood
irrigation procedures, children from 6 sections were

examined. Each section covers 200-300 ha and each
compound houses a resident population of several
hundred people. On Triangle Estate irrigation water
is applied either by flood irrigation or overhead
sprinklers; the latter method involves less standing
water, reducing the possibilities for transmission.
Samples were taken from 4 " flood " sections and 4
" spray " sections, to determine whether the method
of irrigation has any influence on transmission.

(b) Chipoli Estate: an area of approximately 3 000
ha in the north-eastern part of the country, altitude
900 m, where water is applied by flood irrigation. The
entire estate is an area of high transmission, where
irrigation procedures have been in operation for the
past 50 years, and schistosomiasis presents a very
serious problem.
As nearly all the children were infected in this area,

the only way to assess the incidence of schistosomiasis
was to select a cohort of children and treat them.
Hycanthone was used but as it is not sufficiently ac-
tive against S. mansoni in Southern Rhodesia only the
incidence of S. haematobium was investigated. Thus a
cohort of children under 6 years ofage was examined;
all those infected were treated with a single therapeu-
tic dose ofhycanthone and then examined at monthly
intervals. Those who showed no live ova in the urine
for 2 months after treatment were then regarded as
negative and considered in the collection of incidence
data in the third month after successful treatment.
Macdonald et al. (in press) have shown that the
cure rate for S. haematobium in Southern Rhodesia
is in excess of 90% following a single therapeutic dose
of hycanthone. Furthermore, the same workers have
shown that in an area where transmission has been
interrupted, the relapse rate of S. haematobium fol-
lowing hycanthone therapy is of the order of 1 in
65 cases.
The method of treating children and then following

the group at monthly intervals may seem uncon-
ventional, but in high transmission areas it is the
only way of obtaining a sufficient number of unin-
fected subjects for the study. Furthermore, it is not
biased in favour of a high incidence by virtue of
relapses because (1) if schistosomulae were being har-
boured after treatment these would be detected prior
to 3 months; and (2) if a relapse were going to occur,
i.e., if treatment was unsuccessful, this would show
within 3 months.
Any differential survival of worms after treatment

might be more likely to confer some immunity to
the children (Lee, 1972) and this would probably de-
press the assessment of incidence.
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(c) Barwick and Marodzi-Tatagura Intensive Con-
servation Areas: 2 adjoining farming districts north
of Salisbury, with some 40 farms in each area, each
of about 1 500 ha. These are highveld areas, where
agriculture is reliant on rainfall, and are typical of
dryland farming in Mashonaland. Focal control of
snails at contact points is being undertaken in
Marodzi-Tatagura but in Barwick no control mea-
sures are in progress.

The time interval

The annual incidence of infection was calculated
by Farooq & Hairston (1966) from 2 successive
examinations of the same children at an interval of
almost 1 year. In the trials reported here, data were
collected more frequently because (1) it was neces-
sary to keep track of the movement of individuals
examined, and this was facilitated by regular visits;
and (2) it was thought that a seasonal influence on
transmission might become evident. Most of the
examinations were made at 4-month intervals, i.e.,
in October, February, and May, to give a measure
of transmission from October to February (mid-
summer), from February to May (late summer-
autumn), and from May to October (winter and
spring).

Instead of extrapolating the data to give the
annual incidence, the incidence in all areas was
calculated for 120-day periods. The formula was
thus modified as follows:

I = 1 -X(y/120)

where I is the 120-day incidence and x is the propor-
tion remaining negative for y days.

Sources of error

Farooq & Hairston (1966) considered the various
sources of error in the collection and presentation of
incidence data:

(1) Sampling error and misidentification: these
can be avoided or minimized by diligence.

(2) Incidence changes with age: these changes
make it necessary to ensure that the age distribution
of the children examined is similar within the
periods and localities to be compared.

(3) Diagnostic errors: not all positive persons are
detected by a single examination of urine or faeces.
Farooq & Hairston found that for S. haematobium
86.8% of positive cases are detected on first examina-
tion; for S. mansoni the figure is 79.7%. Thus, of

the children originally selected as negative, a number
were actually passing schistosome eggs. A similar
error is to be expected at each examination, and they
argue that since only a small proportion of the
0-6-year age group is actually infected, the error at
each survey would amount to some 4% of the total
found negative. They deduce that the maximum
estimated error due to the failure in detecting all
egg-passing cases would be of the order of 10% of
the incidence calculated.

(4) Rate of loss of infection: Farooq & Hairston
attach importance to the spontaneous loss of infec-
tion, and adjust their incidence figures accordingly.
In the present study a number of children found to
be positive were followed longitudinally to see if
they would revert to negative over 2 consecutive
surveys (8 months). The apparent loss of S. mansoni
infection in children aged 0-4 years was 0.2513; it
was lower in children aged 5-6 years where 3 out
of 20 cases reverted.
The situation with S. haematobium infection is

different; here our data do not entirely agree with
those of Farooq & Hairston. In the 0-4-year group
the rate of loss of infection is negligible-only 4 of
54 cases reverted. As there were insufficient children
in the older age group from Triangle and Hippo
Valley, data were collected to assess the loss of
infection in the 5-6-year group from Barwick and
Marodzi-Tatagura. Over a 4-month period the rate
of loss of infection in this group was low at 0.04.

In considering these figures, two points must be
borne in mind. (1) The definition of reversion to
negative over 2 successive surveys is arbitrary and
may have no biological significance. Certainly several
of the children who reverted to negative were once
again positive at the third survey. These were
recorded as having lost the infection, but it is also
probable that the error lay in failing to detect a light
S. mansoni infection in the second survey. (2) The
rate of loss of infection must be a function of the
prevalence of the disease. In areas of low prevalence
this is likely to be lower than in areas of high pre-
valence (Farooq & Hairston, 1966). With S. haema-
tobium the loss of infection for a 4-month period is
less than 5% and can be discounted. With S. mansoni
in the 0-4-year group the figure is higher, of the
order of 14% of infected cases over a 4-month
period. The average rate of becoming negative in a
4-month period is therefore 0.126. The 5-6-year-olds
form only a small proportion of children from Hippo
Valley and Triangle and no correction is applied for
these.

411



Table 1. Data from Triangle Estate showing incidence of S. mansoni and S. haematobium in cohorts of children
under 6 years of age *

S. mansoni S. haematobium

Date of survey spray irrigation flood irrigation spray irrigation flood irrigation
no. incidence no. incidence no. incidence no. incidence

negative (%) negative (%) negative (%) negative (%)

Apr.-Oct. 1968 54 65 64 55
52 3.40 63 2.77 63 1.14 51 5.24

Oct. 1968- 96 77 112 83
Apr. 1969 92 3.65 64 16.03 110 1.24 78 4.46

Apr.-Aug. 1969 103 63 115 70
101 2.39 59 7.25 112 1.34 69 0.70

* Results have been corrected where necessary for rate of loss of infection. Incidence has been extrapolated to 120-day intervals.

RESULTS

Assessment of control
The results in Tables 1 and 2 indicate the incidence

of schistosomiasis in the large irrigated areas in the
south-eastern lowveld of Southern Rhodesia. Effect-
ive snail control has been in operation since 1966
(Shiff et al., 1973), and this is reflected in the low
incidence of transmission throughout the area.

Tables 3 and 4 show data from areas where no con-

trol measures have been undertaken. The incidence
of both parasites is somewhat higher in these areas.
This is particularly evident in the case of S. haema-
tobium transmission at Chipoli, which, although in
the north-east of the country, is ecologically similar
to the south-eastern lowveld, particularly from the
standpoint of irrigation and schistosome trans-
mission.

The data in Tables 1 and 2 show other interesting
trends. There appears to be a difference in incidence
between those areas under spray irrigation and
those under flood irrigation. It is not possible to
detect any seasonal pattern in transmission, but
evidence of breakdown in control and a subsequent
increase in transmission can be seen: e.g., S. mansoni
on Triangle flood sections, October-April 1969; and
Hippo Valley, 1970-1971, February-June and June-
October; the incidence of S. haematobium was also
high at Hippo Valley during the same period.
The data from Barwick and Marodzi-Tatagura

(Table 3) show no evidence of any seasonal pattern
of transmission, but the incidence of both S. mansoni
and S. haematobium is lower in Marodzi-Tatagura
than in Barwick. This may be because focal control
of snails is being undertaken in Marodzi-Tatagura.
Further observations are being carried out.

Table 2. Data from Hippo Valley Estate (flood irrigation only) showing incidence of S. mansoni and S. haematobium
in cohorts of children under 6 years of age *

S. mansoni S. haematobium

Months of survey 1969-70 1970-71 1969-70 1970-71
no. incidence no. incidence no. incidence no. incidence

negative (%) negative (%) negative (%) negative (%)

Feb.-June 130 154 192 220
121 8.72 133 17.19 187 2.61 210 4.55

June-Oct. 144 111 203 158
141 2.63 99 13.24 200 1.48 151 4.43

Oct.-Feb. 105 151 149 212
102 3.60 141 8.35 147 1.35 204 3.37

* Results have been corrected where necessary for rate of loss of infection. Incidence has been extrapolated to 120-day intervals.
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Table 3. Data from Barwick and Marodzi-Tatagura Intensive Conservation Areas showing incidence of S. mansoni
and S. haematobium in cohorts of children under 6 years of age *

Barwick Marodzi-Tatagura

Date of survey S. mansoni S. haematobium S. mansoni S. haematobium
no. incidence no. incidence no. incidence no. incidence

negative (%) negative (%) negative (%) negative (%)

Mar.-June 1971 111 95 97 101
99 17.29 89 8.06 92 8.40 96 6.42

June-Sep. 1971 85 81 73 79
75 16.97 73 11.33 70 6.78 73 9.88

Sep.-Dec. 1971 60 64 50 57
56 12.00 60 8.93 46 12.21 56 2.14

Dec. 1971- 46 53 37 39
Mar. 1972 43 10.77 49 9.84 37 0 38 3.37

* Incidence has been extrapolated to 120-day intervals.

Data from Chipoli (Table 4) may reflect seasonal
differences in the transmission of S. haematobium.
Period 1 indicates infections that occurred during
the months January-April, at the peak of the rains,
when transmission is reduced by flooding. Period 2
shows infections that occurred during the months
April-July, a time when many infected snails can be
found. However, the population at Chipoli is low
and the numbers involved in the records of incidence

Table 4. Data from Chipoli, an irrigation area of high
transmission, showing incidence of S. haematobium in
cohorts of children under 6 years of age *

Date No. IncidencePeriod of survey negative (%)

1. Dec. 1970-June 1971 22 Feb.- 39
treated or negative 19 Apr. 36 16.44

on 18 Dec.
taken as negative

on 22 Feb.
22 Feb.- 36

24 May 33 10.65

22 Feb.- 32
21 June 27 16.62

2. Mar.-Dec. 1971 24 May-
treated or negative 21 June 56

on 20 Mar. 50 38.47
taken as negative

on 24 May
24 May- 48

26 July 35 45.75

24 May- 31
20 Sep. 22 29.03

* Incidence has been extrapolated to 120-day intervals.

are too small for definite conclusions to be drawn,
particularly since the data from Barwick show no
such evidence of seasonal transmission patterns.

DISCUSSION

Incidence per unit time has been shown to be
satisfactory for measuring the transmission in a
particular area and is sufficiently sensitive to indicate
periodic lapses in the quality of control measures.
The obvious differences in incidence between the
controlled areas in the south-eastern lowveld and the
uncontrolled areas both on the highveld and at
Chipoli indicate the success of the control measures
undertaken. Furthermore, the results show that it is
not necessary to wait a full year between successive
surveys in order to assess progress; incidence can be
calculated from successive surveys 3 or 4 months
apart, and extrapolated to a standard figure. The
unit chosen for these studies, 120 days, was arbitrary
and fitted the standardized collection procedure
adopted in the irrigation farms.
The consistent difference in incidence of both

parasites in the 2 highveld areas, Barwick and
Marodzi-Tatagura, is probably a reflection of the
focal control of snails that has been in progress in
the latter area for 6 years. However, it is obvious
that transmission in Marodzi-Tatagura is still con-
tinuing at an unacceptably high level.
The problem of gathering data for assessing

incidence in any particular area is to find sufficient
numbers of children who are permanent residents,
or who at least are likely to remain in the area from

413



414 C. J. SHIFF

one sampling to the next. If the period is not too
long, it is probable that most of the individuals
originally examined will be available for re-examina-
tion and the few absentees can be replaced by new
recruits. Furthermore, the children get used to the
procedures, and the collectors soon recognize the
children. In this way a rapport is built up and
specimens and relevant information about journeys
outside the area are forthcoming. This is essential in

order to detect cases obviously contracted outside
the controlled area.
One of the main problems that has confronted

epidemiologists in the study of schistosomiasis has
been the length of the procedures required in order
to assess transmission. The method presented here
of gathering data for the calculation of incidence
over a short period is of value in that it permits a
rapid assessment of the situation.
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RESUME
VALEUR DE L'INCIDENCE POUR L'EVALUATION DE LA LUTTE CONTRE LA SCHISTOSOMIASE:

JtTUDE EFFECTUItE EN RHODItSIE DU SUD

L'auteur expose une nouvelle m6thode de collecte de
donnees en vue de mesurer l'incidence de la schistoso-
miase dans une collectivite. Ce genre d'informations
est essentiel lorsqu'on veut contr6ler les r6sultats
des programmes de lutte cotitre la transmission de la
maladie.
Une cohorte d'enfants ag6s de moins de 6 ans, reconnus

indemnes de schistosomiase, a et6 examin6e a intervalles
de 1, 3 ou 4 mois afin de d6terminer le taux d'apparition
d'infections par Schistosoma mansoni ou S. haematobium.
Ce taux, qui correspond a l'incidence de la schistosomiase

au sein de la collectivite representee par les enfants,
donne la mesure de l'intensit6 de la transmission dans
la r6gion. I1 n'est pas n6cessaire de 1'extrapoler pour
obtenir un chiffre d'incidence annuelle et on peut le
calculer pour une unit6 de temps choisie arbitrairement
(120 jours dans la pr6sence 6tude).

Les donn6es pr6sent6es indiquent que la mesure de
l'incidence, qui offre I'avantage d'assurer une 6valuation
rapide de la situation 6pid6miologique, permet d'appre-
cier I'efficacite des mesures de lutte et d'en d6celer les
lacunes 6ventuelles.
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