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Environmental Effects on Infectious 
Disease

• Why infectious disease?
– … still leading causes of deaths and disability worldwide
– New threat from emerging & re-emerging diseases

• Why environmental effects?
– Environmental change is occurring worldwide at varying 

scales
– Discoveries that emerging and re-emerging pathogens 

have their origin in environmental change



What are ‘environmental determinants’ of 
infectious disease?

Environmental factors in which their changes have causal 
links to introduction, reemergence, intensification, and 
propagation (e.g., spatial) of infectious diseases.
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A research priority in understanding environmental 
contribution to infectious disease

?



The Environmental Effects & Infectious 
Disease (EnvID) Framework



Transmission groups 
• The impact of proximal environmental characteristics on disease burden is 

mediated through transmission cycles



Matrix for mapping the relationship between proximal 
environmental characteristics and transmission
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What is schistosomiasis? 
• Schistosomiasis is a water-related, tropical 

parasitic disease, caused by the digenetic 
trematode Schistosoma

• Five species affect humans, among them three 
have major public health impacts – Schistosoma 
haematobium, S. mansoni, and S. japonicum

• It is endemic in 76 countries, 80 million people are 
infected annually, 200 ~ 300 million people are at 
risk of infection



Source: WHO



• Seven provinces 
still endemic;

• An estimated 
800,000 people 
are infected 
annually and ~ 60 
-90 million people 
are at risk of 
infection.



Why this study…

• Global climate change 
• The Three Gorges Dam

• A number of studies underway …
• Hotez et al. speculated that the formation of the lake 

behind the dam will generally increased both snail 
habitat and human disease transmission (1997);

• Lessons learned form Africa – the Aswan Dam, dams 
in Senegal etc.

• Eliminating schistosomiasis through 
medical interventions



Mountainous Region



Schistosomiasis transmission 
in mountainous regions of 
Sichuan, China



Questions

• What are the risk factors determining transmission 
intensity of schistosomiasis in this environment?

• If identified, can they be used to make predictions
and to design intervention strategies? And How?

• What is the environmental contribution to 
persistence or control of transmission?



• 20 villages (out of 
260), inhabited by 
over 3,900 residents, 
were chosen for the 
study in the winter of 
2000.



Human survey Exposure assessment

Snail survey Measuring environmental risk
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Monthly rainfall (bars) superimposed with weekly 
mean temperature  (solid line) in the Xichang Study 
Area in 2000. 

  

Land-cover Classification with 
IKONOS Imagery at Xichang 
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• Human prevalence 
of infection (red bar) 
ranges between 3% 
~ 73%;

• Human infection 
intensity (measured 
as e.p.g., blue bar) 
ranges between 0.1 
and 110.



Epidemiological findings

• Residence and occupation (farmer, student, other) 
are key risk factors, while age and sex are 
statistically insignificant;

• Animals play a marginal role in the disease 
transmission;

• Land-use determines risk at the village level;

• Environmental risk (e.g. cercarial bioassay) is a 
strong predictor of human infections;



Microclimatic
measurements

Water contact 
survey

Human infection 
survey 
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Dynamic model

An application of EnvID
framework



Transmission Model Development
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Findings

• The transmission model analyses reflect a 
bimodal transmission in both humans and snails; 
the time-varying environmental factors drives the 
disease transmission pattern;

• Location and timing of water contact, 
microclimatic conditions, snail abundance, and 
land use are important factors influencing the 
disease transmission;



Control options
• Chemotherapy 
• Snail control

– Mollusciciding
• Environmental intervention

– Concretizing irrigation ditches
– Converting wetland to dry land
– Changing agricultural structure

• Egg control (via waste management)
• Health education
• Provision of sanitary water



Evaluation of Public Health Intervention – Three 
Scenarios

• Scenario 1 – interventions that actually occurred 
in the field (i.e. two chemo in 2002 and 2003, 
coupled with sustained environmental 
interventions);

• Scenario 2 – The 2002-03 chemo (as in Scenario 
1 but no environmental interventions), followed by 
annual chemo at 50% coverage until 2008;

• A combination of Scenarios 1 and 2. 



Evaluation analysis 

• A comparison of mean infection 
intensity for the largest risk 
group, farmers, in the three 
scenarios;

• 35% of snail habitat  controlled; 
25% of households installed 
bio-gas digesters.

Evaluation for village Shian 5



Disease Transmission Potential

• The disease transmission potential is 
determined by both site-specific and 
biological (site-invariant) parameters;

• A crude Ro is approximated :
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• Chemotherapy alone doesn’t change 
transmission potential, which is determined 
by local environmental factors;

• Sustained transmission interruption has to 
rely on chemotherapy, coupled with 
sustained environmental control or 
modifications.



Policy implications

• Although the work focused on a small 
geographical area, it has important 
implications for the ongoing disease control 
programs in China, and possibly in Africa in 
the near future;

• Some new evidence reconfirms results 
reported above;

• Transmission control matters;
• A need to re-consider comprehensive control.
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