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Longitudinal modelling of
helminth infections



Direct life cycle parasites

o Ascaris lumbricoides
e Trichuris trichiura

* Hookworms (Ancylostoma duodenale, Necator
americanus)

Each infection has a free living stage affected by
environmental conditions



Life cycle of Ascaris

A: Infective Stage
A: Diagnostic Stage

Fertilized




Compartmental model of Ascaris life cycle

Environment Host




Basic Ascaris life-cycle dynamics
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Growth curves in the absence of density dependence
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Each population will continue to grow indefinitely due to a lack of constraints




A. Lumbricoides density dependent fecundity
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Density dependence

The reproductive potential of each worm-pair is limited by the
average number of worms in the host:
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Host mortality as density dependence
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Trichostrongylid parasites of grouse control populations of both hosts and parasites



WHO recommends......

Chemotherapy options are

>

based on prevalence
estimates.

category prevalence

| ' high prevalence > 50%

11 moderate prevalence >20% <50%
III low prevalence < 20%

For communitiés in category I, universal treatment is recommended.
The whole community is treated irrespective of age, sex, infection
status, or other social characteristics. Treatment campaigns must be
conducted once a year. The efficacy of the measure is higher if the
whole population is treated simultaneously. ‘

In areas where the prevalence of high intensity infection (visible
haematuria for S. haematobium) is over 15% schoolchildren may be
given treatment twice a year for added benefit.

For communities in category i_l, targeted treatment is recommended.
The groups identified for treatment are school-age children, and the
treatment can be organized every 1-2 years.

For communities in category 111, screening schoolchildren is the
recommended measure, and positive cases must be selected for
treatment by haematuria or urine filtration. The treatment can be
organized every two years.

In all categories, information, education and communication (IEC)
strategies and improving sanitation have a great impact and should be
extensively applied. :

Mass treatment every year in
high transmission areas....

> ...twice p.a. in high morbidity areas

Children take priority in low
transmission areas.

> Use other strategies concurrently.




Model predictions
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Morbidity = Prevalence of >20 worms. Adults are untreated.



Prevalence (%)

Model validation
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Compartmental model of schistosome life cycle
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Snail N2
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Snail N2
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Schistosome model output

3chistoSimv1.0 Inst. Biol. Sci., UWA, Aberystwyth, Wales, UK
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Varying snail longevity




low fecundity, short worm longevity

Endemic situation

New focus




Modelling the impact of long-term temperature changes on schistosome transmission
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Mean worm burden per person
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Temperature increases
result in higher mean
worm burdens until about
35 degrees before the
system becomes
‘unstable’



Challenges

The social dimension - who does what and why?

Population growth / migration — how far will people go to seek prosperity?

Extreme weather events — how frequent, how intense?

Governmental policies — will they offer mitigation or adaptation to climate change?
Evolution — rapid generation times may lead to adaptation of both snails and parasites

Scale — infections act locally, climate change acts globally
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Is this the future?




