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OUTLINE 

• Introduction: Sand flies and Visceral 
leishmaniasis in India 

• Prior research: vector control with 
systemic insecticides 

• Presentation of Conceptual Model: 
prevention of VL through use of 
insecticides and knowledge of seasonality 

• Discuss Quantitative Model  (in progress) 



KALA-AZAR, BLACK FEVER, 
VISCERAL LEISHMANIASIS (VL)  

• Visceral leishmaniasis (VL)  
• a parasitic vector born disease 

• Migrates to spleen, liver and bone marrow 

• Nearly 100 percent mortality 

• Second-largest parasitic killer in the world 
(first is malaria) 

• Estimated 500,000 cases annually  

worldwide 

• “Disease of the poor” 

• Over 50 percent of cases occur in  

India 



BIHAR, INDIA 

• Research Area: Bihar, India: 
• Poorest state in India 

economically 

• Average annual income for 
farmers and laborers: $500 

• 12th largest state in terms of 
geographical size/3rd in terms of 
population 

• (>1000/km²) 

• 85 percent of people live in 
villages 

• 80% of cases of VL in India 
reported in this region 



THE VECTOR 
• Sand Flies (Phlebotomus 

argentipes) 
• Much smaller than mosquitos 

• Active primarily at night 

• Feed on sugar from plants 

• Females require blood for 
oviposition 

• Eggs laid in organic matter 

• Larvae feed on organic 
matter 

 



ORGANIC MATTER 



GENESIS LABORATORIES 
• Private consulting firm in Northern Colorado 

• Awarded Bill and Melinda Gates Foundation Grant  (2008) 
• Develop novel means of sand fly control to supplement current DDT, IRS spraying 

• Gain an understanding of sand fly distribution in and around villages 

• Conduct long-term monitoring of vector over a one-year period 

• Conduct laboratory and cattle shed studies to develop products 

• Proceed to field pilot studies to test concepts of new methods of sand fly control 

• Conduct large-scale field trials (40-50 villages) of methods of sand fly control  

 

 

 

 



SEASONALITY 
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• Sand fly population monitored for 13 months 

• Collected with CDC light traps 

• Sand flies thrive in high temperatures and high precipitation 

• When temperature is too low, sand flies will not emerge 
Poché et al. (2010) 

 



CDC LIGHT TRAP 



SAND FLY IDENTIFICATION 

• Phlebotomus argentipes: 72.1% 

 

• Phlebotomus papatasi: 0.8% 

 

• Sergentomyia spp.: 27.1%  

 

• 52,653 sand flies trapped over 3,273 trap nights 

Poché et al. (2010) 



SAND FLY HOSTS DETERMINED VIA 
REVERSE-LINE BLOTTING 

• Humans, cattle, domestic buffalo and goats are  the overwhelming sources 
of blood for P. argentipes (>99%) 

• Flies feed on multiple hosts 

• Majority of feeding occurring in cattle sheds, combined dwellings and 
vegetation  

Garlapati et al. 2012 





VISCERAL LEISHMANIASIS 
CENSUS SURVEYS 

• Disease occurs exclusively 
amongst people of poor 
economic status 

• Treatment approximately 28 
days 

• Reinfection is not uncommon 

• Majority of cases occur 
among livestock owners 

 

 Perry et al. 2013 



ESTIMATED POPULATION OF 
LIVESTOCK IN BIHAR 

• Cattle: ~10,500,000 

• Crossbred: 1,200,000 

• Indigenous: 9,300,000 

 

• Buffalo: ~5,800,000 

 

• Goats: ~18,000,000      

 

 



SYSTEMIC INSECTICIDES 

• Insecticide which can be orally or 
topically administered to livestock  

• Targets blood feeding vector 

• Have potential to control sand 
flies, ticks and mosquitos  

• Feed-through insecticide 

• Control of adult and larval sand 
flies 

 



SAND FLY COLONY 
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Poché et al. (2013) 
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CONCEPTUAL MODEL 

 

• Simulates the sand fly 
lifecycle in Bihar, India 

• Simulates growth of egg, 
larvae, pupae and adult stages  

• Systemic insecticide 
treatment evaluated 
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LONG-TERM EFFECT? 



SIMULATING ALTERNATIVE 
TREATMENTS 

 
• Seasonality of treatment 

• Annual 

• Biannual  

• Three or more… 



VARIOUS TREATMENTS   
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QUANTITATIVE MODEL 

• Stage-structure model 

 

• ΔΤ=Days 

 

• Mortality, birth rate, growth 
rate, and fecundity 
temperature dependent 

 

 

 



MODEL EQUATIONS 

• Mortality rates  

• Egg mortality rate (RM,E, stage specific) 

• 𝑅𝑀,𝐸 = 0.0074 ∙ 𝑇2 − 0.3525 ∙ 𝑇 + 4.3875 

• Larva mortality rate (RM,L, stage specific) 

• 𝑅𝑀,𝐿 = 0.0043 ∙ 𝑇2 − 0.2514 ∙ 𝑇 + 3.9246 

• Pupa mortality rate (RM,P, stage specific) 

• 𝑅𝑀,𝑃 = 0.0002 ∙ 𝑇2 − 0.0043 ∙ 𝑇 + 0.1330 

 

Kasap and Alten (2005); Kasap and Alten (2006) 



MORE EQUATIONS 
• Daily mortality rate  

• Egg daily mortality rate (rM,E, stage specific) 

• 𝑟𝑀,𝐸 = 0.001495 ∙ 𝑇2 − 0.065678 ∙ 𝑇 + 0.733153 

• Larva daily mortality rate (rM,L, stage specific) 

• 𝑟𝑀,𝐿 = 0.000085 ∙ 𝑇2 − 0.003641 ∙ 𝑇 + 0.047903 

• Pupa daily mortality rate (rM,P, stage specific) 

• 𝑟𝑀,𝑃 = 0.000099 ∙ 𝑇2 − 0.001230 ∙ 𝑇 + 0.005761 

• Adult daily mortality rate (RM,A, stage specific) 

• 𝑅𝑀,𝐴 = 0.0005 ∙ 𝑇2 − 0.0188 ∙ 𝑇 + 0.3278 

 

 Kasap and Alten (2005); Kasap and Alten (2006) 



MORE EQUATIONS 

Degree Days 

• Egg: 

• 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷𝐸 = 𝑇
1253.2∙𝑇−0.564 

• Larva: 

• 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷𝐿 = 𝑇
13473269∙𝑇−2.953 

• Pupa: 

• 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷𝑃 = 𝑇
257917∙𝑇−2.173 

• Adult:  

• 𝑎𝑎𝑎𝑎𝑎𝑎 𝐷𝐷𝐹𝐹 = 𝑇
821.66∙𝑇−0.441 

Fecundity 

• 𝐹 = −0.9772 ∙ 𝑇2 + 49.1 ∙ 𝑇 − 566.23 

 

 

 

 

 



WHAT’S NEXT? 

• Role of relative humidity and heavy 
precipitation in P. argentipes ecology 

• Incorporation of Leishmania donovani  

• Incorporation of annual insecticide 
treatment 

• Efficacy based on the proportion of 
livestock treated 



IMPORTANT QUESTIONS 

• Can treatment of livestock reduce sand fly 
numbers at the village level in Bihar, 
India? 

• Can insecticide treatment work to control 
sand flies on a large scale in Bihar, India? 

• Human population will be >100,000 

• Can reduction of sand flies lead to 
reduction of cases of Visceral 
leishmaniasis and thus fewer deaths from 
the disease? 
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SAND FLY HOSTS DETERMINED VIA 
REVERSE-LINE BLOTTING 

• Humans, cattle, domestic buffalo and goats are  the overwhelming sources 
of blood for P. argentipes (>99%) 

• Flies feed on multiple hosts 

• Majority of feeding occurring in cattle sheds, combined dwellings and 
vegetation  



     Preatment Control Mean F SF #   X   Post-treatment SF #    
           Post-treat control numbers                Pre-treatment SF # 
 
  x 100 = Efficacy or sand fly reduction 

 
 

Henderson-Tilton 
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SAND FLY COLONY 
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