TRANSACTIONS OF THE ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (1998) 92, 491495 491

The population biology and epidemiology of schistosome and geohelminth
infections among schoolchildren in Tanzania

M. Booth!*, C. Mayombana? and P. Kilima3

1 Department of Public Health and Epidemiology, Swiss Tropical Insti-

tute, Socinstrasse 57, CH 4051 Basel, Switzerland; 2[fakara Health Research and Development Centre, RO. Box 53, lfakara,

Tanzania; 3Ministry of Health, Dar es Salaam, Tanzania

Abstract

A study of helminth infections was undertaken among 3244 schoolchildren from 28 schools in Morogoro
Rural District, Tanzania. Schistosoma haematobium was the most common infection, followed by hook-
worms, Ascaris lumbricoides, S. mansoni, and Trichuris trichiura. Infection prevalence of each species varied
among schools and age groups, but not between sexes. There was no relationship between the prevalences
of different infections among schools, except for a strong negative correlation between the prevalence of
hookworm and S. mansoni infections. Within each age group, there was little excess overlap in the distri-
bution of each infection; thus the number of multiple infections was low whereas the number of
individuals harbouring at least one infection was relatively high. More children than expected carried in-
fections of 4. lumbricoides and S. mansoni, and the clustering effect increased with age. Only 2 schools had
high overall infection prevalences of both geohelminths and schistosomes. Logistic regression analysis of
morbidity and parasitological data indicated that individuals with multiple species infections were not at
increased risk of morbidity (on a multplicative scale) compared to individuals with single species infec-
tions. This was attributed in part to the low egg counts observed for each parasite species. The results
implied little interaction between schistosome and geohelminth infections in the region, both in parasito-
logical terms and in the context of their combined effects on health. Implications for the feasibility and
benefits of combined control of geohelminths and schistosomes are discussed.
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Introduction

Ascaris lumbricoides, Trichuris trichiura and hookworm
infections are endemic in many Tanzanian communi-
ties, although often only one species is highly prevalent
(BoOTH & BUNDY, 1992). Schistosoma haematobium
and S. mansoni infections are also endemic (DOU-
MENGE et al., 1987). Both gechelminth and schisto-
some infections are serious public health problems, and
are generally targets of separate control efforts. Howev-
er, since the 2 types of infection share some factors for
transmission, it may be feasible and cost-effective to
combine their control if certain criteria are fulfilled.

One important factor supporting combined control is
that only 2 drugs are required to treat several species of
helminth. Most importantly, though, the geographical
distribution of the less common schistosome infections
should be contained within the distribution of geo-
helminth infections (BUNDY ez al., 1991). The cost of
combined control would obviously be lower if schisto-
some and geohelminth infections were highly prevalent
in the same communities.

In communities where both types of infection are en-
demic, the benefits of combined intervention will de-
pend partly on the extent and nature of associations
among species. For example, the total number of infect-
ed individuals treated will depend on the level of infec-
tion clustering. ALBONICO ¢z ol. (1997) did not find any
clustering on Pemba Island, Tanzania; neither did
CHUNGE et al. (1995) working in Machakos District,
Kenya. DE CLERQ et al. (1995) found fewer infections
mvolving hookworms and schistosomes than expected
in Mali, but attributed this to regional differences in
transmission factors and climate.

The benefits of intervention can also be measured in
terms of alleviating morbidity related to infection. A va-
riety of methods has been applied to estimate the mor-
bidity burden of individual species at the community
level (LWAMBO et al., 1992; BOOTH et al., 1996), but it
is not clear whether the pathogenic effects of one species
may be exacerbated or reduced by the presence of an-
other species in the same host. Since antigenic cross-
reactivity exists among several helminth species (COR-
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REA-OLIVEIRA e al., 1988; PRITCHARD er al., 1991),
there is a potential for this type of interaction, particu-
larly if host immune responses to infection affect patho-
genesis.

In this paper, we address the issues of clustering and
combined impact on health, by describing the popula-
tion biology and epidemiology of schistosome and geo-
helminth species among children in Morogoro Rural
District in Tanzania. Geographical correlations among
the prevalences of each infection were assessed, and we
examined whether infections with different species were
clustered in any one segment of the sampled children at
the time of the survey. We also assessed whether indi-
viduals with multiple species infections were at higher
risk of morbidity than individuals with single species in-
fections. The results are used to comment on the feasi-
bility and potential benefits of combined control of
schistosomes and geohelminth infections.

Materials and Methods
Data colléction

Data were collected from several independent surveys
of children aged between 7 and 17 years in schools in
Morogoro Rural District, Tanzania between October
1992 and June 1993. Details of the district and data col-
lection methods have been given by BOOTH er al.
(1998b). Briefly, A. lumbricordes, T. rrichiura and S.
mansont infections were diagnosed by single stool exam-
inations using the Kato-Katz method (KATZ et al.,
1972), whereas hookworm infections were detected by
the saline flotation method (YANG & SCHOLTEN,
1977). S. haemarobium infection was detected by urine
filtration.

Questionnaire morbidity surveys were undertaken at
the same time as stool collection (BOOTH er al., 1988).
Case definitions for the present analysis followed the
same scheme as previously described: cases of bloody
stool, bloody urine, diarrhoea, and abdominal pain were
defined as individuals experiencing the particular symp-
tom during the 2 months before the survey. Liver en-
largement cases were defined as individuals with a liver
extending 2 cm or more below the right costal margin in
the mid-clavicular line. Spleen enlargement cases were
defined as individuals with spleens larger than grade 2
on the scale of HACKETT (1944).
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Data analysis

Prevalences of single and multiple species infections
involving A. lumbricoides, T. trichiura, hookworms, S.
haematobium and S. mansoni were estimated by school
and age. Overall infection prevalences of geohelminths
and schistosomes were estimated from the number of
individuals with at least one species of geohelminth or
schistosome infection, respectively.

Infection clustering

Log linear analysis was used to test whether certain
combinations of species infected the same host more of-
ten than expected by chance. First, observed numbers
of multiple species infections were compared against
figures calculated on the assumption of no excessive
clustering using a simple probabilistic model (BOOTH &
BUNDY, 1995). Using a step-wise procedure, interac-
tion terms between different species, age and sex were
then added to the models. Interactions that improved
the fit of the model to the data were recorded, and in-
terpreted in terms of excessive infection clustering in a
defined population stratum.

Prevalence relarionships

The infection prevalences of each combination of 2
species were compared among the 28 schools. Kendall’s
rank correlation analysis (KENDALL, 1938) was used to
test for the significance of the correlations. The overall
infection prevalences of schistosomes and geohelminths
in each school were compared using the same proce-
dure.

Egg count associations

Correlations between egg counts of different parasitic
species in hosts with multiple species infections were ex-
amined by the rank correlation method of KENDALL
(1938). We first considered the complete data set, and
then focused on each age class and sex.

Within each age group, the effect of concurrent infec-
tions on variation in the egg counts of 4. lumbricoides or
schistosomes was examined with Kruskall-Wallis non-
parametric ANOVA (ZAR, 1996). This allowed us to test
whether individuals with multiple species infections had
higher egg counts of each infection than individuals in-
fected by only one species (BOOTH et al., 1998a). T.
trichiura infections were too rare for these analyses, and
hookworm eggs were not counted, so could not be eval-
uated. It was also not possible to accommodate varia-
tion in egg counts related to the effect of sampling in 28
different schools due to limitations in the analytical
technique.

Effect of multiple species infections on health

Logistic regression analysis was used to determine
whether individuals with multiple species infections
were at higher risk of morbidity than individuals with
single species infections. As in our previous analysis of
the same data (BOOTH er al, 1998b), we included
‘school’ as a random effect to accommodate variation in
the prevalence of each morbidity indicator among the
schools. Models consisted of a sign or symptom as the
outcome, and explanatory terms for age, sex, and the 2
parasite species of interest. Each model also contained
an interaction term between the 2 species. This allowed
us to estimate the odds of morbidity in individuals with
both infections compared with those in individuals in-
fected by only one species.

Results
Muliiple species infections by age

A total of 3244 children from 28 schools was exam-~
ined for each geohelminth and schistosome species.
Age-—prevalence charts for multiple species infections
are shown in Fig. 1. The proportion of sampled children
with at least one type of schistosome infection remained
above 40% at all ages between 9 and 17 years inclusive,
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Fig. 1. Relationship between age and prevalence of multiple
helminth infections, expressed as stacked bar charts for (A) geo-
helminths, (B) schistosomes and (C) both types of infection.
The segments of each bar represent the proportion of that age
group with the combination of infections, as indicated in the
legend. The height of each bar represents the total proportion
of that age group that was infected. (4.l =Ascaris lumbricoides,
Geo=any geohelminth infection, Hkw=hookworms, Schis-
to=any schistosome infection, S.k. =Schistosoma haematobium,
S.m.=S. mansoni, 1.t. =Trichuris trichiura.)

with a peak of 49% in the 13 years old children. Simi-
larly, the proportion of the sampled children with at
least one helminth infection remained above 30% be-
tween the ages of 10 and 17 years inclusive. Very few
children carried both Schistosoma species due to the low
prevalence of S, mansoni infection, and only 4 children
were infected by all 3 geohelminths. The majority of the
infected children in each age class carried either geo-
helminth or schistosome infections, rather than mult-
ple species infections involving a combination of
nematode and trematode species (Fig. 1, C).

Multiple species infections within schools
The prevalences of multiple species geohelminth and
schistosome infections in cach school, ordered by in-
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Fig. 2. Proportion of children in each school infected by each
combination of (A) gechelminth infections and (B) schisto-
some infections. The height of each stacked column indicates
the overall infection prevalence of each type of infection.
Schools are arbitrarily numbered, and ordered according to the
overall geohelminth infection prevalence. Infections with all 3
geohelminths were too rare to be displayed. (Abbreviations are
as in Fig. 1).
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Prevalence relationships

Among the 10 prevalence relationships tested among
schools, only one result emerged as significant—the
prevalence of hookworm infection was strongly nega-
tively correlated with the prevalence of S. mansoni infec-
tion (Table 1). Most of the non-significant relationships
were positive in nature. Also among schools, there was
no significant correlation between the overall infection
prevalences of geohelminths and schistosomes (Kend-
all’s 1=0-109, P=0-4173).

Infection clustering by age and sex

Log linear analysis revealed that there were more in-
fections involving A. lumbricoides and T. trichiura than
would be expected by chance. The degree of clustering
was not affected by age or sex (Table 1). A highly signif-
icant interaction was also found between 4. lumbricoides
and S. mansoni, which was affected by age (Table 1).
This age effect is depicted in Fig. 3, which shows that
the observed proportion of each age group with both in-
fections continued to rise with age, whereas the expect-
ed proportion reached a peak in the middle age classes.
Overall, there were fewer infections involving S. manso-
ni and hookworms than expected by chance; this was at-
tributed to the negative correlation between infection
prevalences of these 2 infections (Table 1).

Age class (years)

Fig. 3. Relationship between observed and expected propor-
tion of each age class infected with both A. humbricoides and S.
mansoni. Expected values were calculated assuming thar each
infection was transmitted independently.

Table 1. Log linear analysis of whether certain combinations of helminth species occurred more often
than expected in schoolchildren and Kendall’s rank correlation analysis of prevalences among 28 schools

Analysis
Log linear Kendall’s

Interaction ¥2 b p

A. lumbricoides + T. trichiura 8:30 0-0040a 0-23 0-0830
A. lumbricordes + S. mansoni 51-10 <0-0001b 0-15 0-2547
A. lumbricordes + S. haemarobium 0-05 0-8215 —0-07 0-5836
T. trichiura + S. haematobium 205 0-1527 0-00 1-0000
T. trichiura + S. mansoni 0-40 05297 0-05 0-7016
S. haematobium + S. mansoni 2-45 01172 0-04 0-7852
A. lumbricoides + hookworms 2-2 0-1388 —0-01 0-9328
T trichiura + hookworms 10-0 0-0016ac¢ 0-21 0-1231
S. haematobium + hookworms 1-6 0-2014 0-01 09370
S. mansoni + hookworms 13-2 0-0003ac —0-47 0-0004

aNo significant age or sex effect.
bSignificant age effect (}2=8-06, P=0-0449).
cFewer infections than expected.

creasing overall prevalence of geohelminth infection,
are shown in Fig. 2. In 10 schools the overall infection
prevalence of schistosomes was greater than 50%, and
in 7 schools the overall infection prevalence of geo-
helminths was higher than this value. However, there
were only 2 schools in which the overall prevalence of
both types of infection was above 50%.

Egg count associations

Six relationships between the egg counts of different
species were examined (Table 2). The only significant
result was an apparent negative correlation between S.
mansont and S. haematobium infection intensities. How-
ever, when an age-stratified analysis was performed, the
correlation remained significant only among infected
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Table 2. Kendall’s rank correlation analysis of egg
counts of different helminth species in school-
children infected by both species

No. of
children Kendall’s
Combination infected T P
S. haematobium + S. mansoni 109 -0-14  0:0293
S. haematobium + A. lumbricoides 231 0-01 0-7703
S. haematrobium + T. trichiura 39 0-06 0-5766
S. mansoni + A. lumbricoides 68 0-10 0-2256
S. mansoni + T, wrichiura 5 0-67 0-1025
A. lumbricoides + T. trichiura 22 -0-33 0-8314

individuals in the 10-12 years age class (n=36,
1=—0-275, P=0-0186). This was attributed to the con-
current decrease in mean S. haemarobium infection in-
tensity and increase in mean S. mansoni infection
intensity in this age class (BOOTH ez al., 1998b). All oth-
er comparisons within age groups or sex were non-sig-
nificant. Further, there was no evidence that egg counts
of A. lumbricoides, S. haematobium or S. mansoni infec-
tions varied significantly depending on the number or
type of concurrent infections that were present in a host.

Effects of multiple infections on health

The risk of morbidity for each sign and symptom was
compared among individuals with single and multiple
species infections, for each combination of 2 infections
when there were enough infected cases. This process
yielded a total of 58 adjusted odds ratios, none of which
was significantly greater than one. These results mean
that individuals with multiple species infections were
equally likely to have experienced defined symptoms, or
have defined signs, as individuals with single species in-
fections.

Discussion

Few reports have simultaneously considered the pop-
ulation biology of schistosomes and geohelminth infec-
tions, despite the fact that multiple species infections
are often endemic in the same community. This may be
because several important ecological factors differ be-
tween the 2 species, in particular their modes of trans-
mission are quite distinct, and thus research efforts have
been largely separated. None the less, some risk factors
for transmission are shared, and in theory at least this
may cause the 2 types of infection to be associated by
concentration in the same small geographical area, and/
or clustering within certain population strata. The
present study assessed this issue in detail, and is partic-
ularly relevant in the context of assessing the overall
public health importance of multiple helminth infec-
tions in endemic areas and the general prospects for the
combined control of schistosome and geohelminth in-
fections.

In terms of geographical distribution, the 2 types of
infections were independent, apart from the strong neg-
ative correlation between the prevalence of hookworm
and S. mansoni infections. In Morogoro Region, factors
for successful transmission of S. mansoni and hook-
worms must therefore be exclusive to some degree.
Most probably, factors related to sampling schools at
different altitudes are important, since independent
studies have demonstrated that altitude affects directly
or indirectly the distribution of both types of infection
(NORDBECK et al., 1982; BIRRIE et al., 1994; APPLE-
TON & GOUWS, 1996).

Within communities, there was no excessive cluster-
ing of geohelminth infections, apart from A. lumbricoides
and T. trichiura. This observation is consistent with
those from other areas, and is probably due to similari-
ties in the transmission mechanisms of these 2 species
(BOOTH & BUNDY, 1995). The increased clustering of
A. lumbricoides and S. mansoni infections with host age
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was unexpected, and could not be explained by further
analysis of the available data. In contrast, we observed a
lack of clustering of S. mansoni and S. haematobium in-
fections. We can infer from this observation that the dis-
tributions of the snail intermediate hosts (Bulinus
globosus for S. haemarobium and Biomphalaria pfeifferi for
S. mansomi) are independent.

Among infected individuals within communities, we
found that egg counts of individual species were not re-
lated to the presence of concurrent infections. With re-
spect to the geohelminths, this result contrasts with an
earlier analysis of data from Pemba Island, where indi-
viduals with multiple species infections had generally
higher egg counts than individuals with single species
infections (BOOTH er al., 1998a). Similarly, in the case
of schistosome infections, the results of the present
analysis contrast with a report from Cameroon, where
ROBERT ez al. (1989) observed that individuals infected
with both S. mansoni and S. haematobium had higher
egg counts of both species than individuals infected
with only one parasite species. From these observations,
we can conclude that associations among different spe-
cies, in terms of egg counts, vary according to local con-
ditions.

Lack of association among species also extended to
the health consequences of infection. Despite extensive
analysis of the morbidity data, we were not able to iden-
tify any sign or symptom that was more frequent (on a
multiplicative scale) among individuals with multiple
species infections compared with individuals infected
with only one of the species of interest. Since egg counts
of each species were generally low, this result may have
been due to a lack of pathogenic infections, and cannot
be generalized to all situations where multiple species
infections are endemic. In particular, the frequency of
bloody stools may be higher among individuals with
multiple species infections in areas where 7. rrichiura,
hookworms and S. mansoni infections are more preva-
lent, since this symptom can be caused by each of these
infections (SLEISENGER & FORDTRAN, 1989).

We can conclude from the above observations that
schistosome and gechelminth infections are effectively
independent in terms of geographical distribution, and
pathogenic effects, in Morogoro. However, this does
not mean that control efforts should necessarily remain
independent, in Morogoro or elsewhere with a similar
situation. Although the criteria for cost-effective com-
bined control, set by BUNDY et al. (1991) and WARREN
et al. (1993), may not be fulfilled, it may still be feasible
to plan the control of each infection within a single in-
tervention. Since school-aged children are usually at
highest risk of schistosome and geohelminth infection,
control efforts could be focused on this age group. Fur-
ther identification of which schools require which drugs
could be undertaken with rapid assessment techniques,
at least for the schistosomes (LENGELER ez al., 1991;
BOOTH et al., 1998b), thus reducing screening costs.

We can also use the results of the present study to
comment on the potential benefits of combined inter-
vention in an area with a similar situation to Mo-
rogoro—namely, where the infection prevalence of most
species is low, there is little infection clustering, and
there is no inter-species interaction. In these circum-
stances, most infected individuals will have a low mult-
plicity of infection, and the severity of morbidity in a
host will be a linear function of the number of species
harboured. This effectively means that the total morbid-
ity burden attributable to helminth infections will be
distributed widely among the infected individuals. Sim-
ilarly, the health benefits of a combined intervention
would be shared. Since the drugs of choice against
schistosome and geohelminth infections have a broad
spectrum of activity (DE SILVA et al., 1997), there may
be additional benefits to community health even if some
individuals have no schistosome or geohelminth infec-
tion at the time of intervention.
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It is not possible within the scope of the present anal-
ysis to present a definitive statement on the feasibility,
cost-effectiveness and benefits of combined control.
None the less, the conclusions are useful in the context
of planning such an operation. It is also important to
note that different regions have different transmission
levels of individual species, which will affect the amount
of infection clustering within and among communities.
In particular, the highly focal distribution of schisto-
some infections may affect the level of infection cluster-
ing with geohelminth species over a small geographical
area. Morbidity patterns will vary according to local
conditions and the number of endemic parasite species,
as will rates of re-infection. All these factors will contrib-
ute to the feasibility and benefits of combined control in
a particular location, and they imply that control strate-
gies should be planned and implemented at a local rath-
er than national level.
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