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Malaria is among the top causes of death in low-income countries, responsible for 18% of deaths 

in children under age five. Because malaria is transmitted through a mosquito vector, programs to reduce 

or control these insects receive much attention. Recently, concerns have increased regarding possible 

chronic reproductive impairment following exposure to insecticides used in mosquito control. This 

creates an ethical dilemma. Are the benefits of using insecticides as a method for reducing malaria disease 

greater than the consequences of exposure to those insecticides? This project examines the human health 

benefits and potential human health consequences of indoor residual spraying (IRS), an increasingly 

popular method of insecticide use for malaria control.  

First, meta-analysis was used to aggregate the results of published trials on efficacy of IRS in 

reducing malaria prevalence in a community or region. Statistical analysis incorporating results of all 

these studies led to general conclusions about the extent of impact any IRS program can have, and 

provided insight as to what variables resulted in greater effects in one community over another—for 

example, the type of insecticide used, the initial malaria prevalence in the community, and the time frame 

of the intervention program. Second, the potential chronic human health consequences were assessed 

through a review of chemical, toxicological and epidemiological studies. Research focused on two 

chemicals, lambda-cyhalothrin and DDT. Screening of chemical properties and toxicological studies 

indicate a potential risk for negative human health outcomes from exposure to both chemicals. 

Identification and critique of several epidemiological studies that link exposure to DDT used for IRS with 

negative reproductive health outcomes verify this risk. Third, a series of interviews with malaria control 

experts in Tanzania provided insight on the cumulative perceptions of decision-makers regarding both the 

benefits and the consequences illustrated in the previous sections. These interviews also reveal opinions 

on a variety of other facets of malaria prevention.  

The project concludes with a critical discussion of how the current risk assessment and risk 

management paradigm is not adequate for informing decisions on risk tradeoffs. While this project only 

presents a small portion of benefits and risks associated with using insecticides for malaria control, it is 

evident that benefits and risks need to be considered holistically, and not independently, in order to 

inform quality risk policies. Based on the case study of insecticide use for malaria control, a new 

framework is suggested in which risk tradeoffs are approached in an interdisciplinary, collaborative 

manner.
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Malaria is a disease caused by the Plasmodium parasite entering the human bloodstream, 

transmitted via the bite of a mosquito vector. There are four species of Plasmodium parasites that cause 

malaria: P. falciparum, P. vivax, P. ovale, and P. malariae (CDC 2009). However, P. falciparum and P. 

vivax are by far the most common. In sub-Saharan Africa, P. falciparum is of greatest concern, as it is 

more widespread and aggressive, whereas P. vivax infection is rarely fatal (Bremen 2001). The 

Plasmodium parasite is transmitted by female mosquitoes and follows a complex lifecycle, with different 

stages occurring in mosquitoes and various human organs. The female mosquito takes a blood meal from 

an infected person, and the parasite then undergoes certain life-cycle stages within the mosquito. The 

mosquito can then transmit the parasite to another human only if it takes another blood meal while the 

Plasmodium parasite is at the proper life stage (CDC 2009)—see Figure 1.  

Malaria cases can be dichotomously classified as uncomplicated or complicated based on clinical 

manifestations of the disease symptoms. Characteristic symptoms of “uncomplicated malaria” include 

flu-like symptoms of fever, headache, body ache, and nausea, along with cyclical attacks of cold stages, 

hot fever stages, and sweating stages lasting 6-10 hours, followed by interim periods of 2-3 days. 

Complicated or “severe” malaria refers to cases where, in addition to the symptoms described above, the 

parasite negatively affects organ function and/or causes abnormal blood conditions. These can result in 

deadly conditions such as liver and kidney failure, neurological disorders like seizures and coma, 

cardiovascular collapse, anemia, hemoglobinuria, blood coagulation abnormalities, and inhibition of 

oxygen exchange in the bloodstream, leading to acute respiratory distress (CDC 2009). 

 There are over 400 species of mosquitoes within the genus Anopheles, yet only 60 species are 

capable of transmitting malaria under normal, non-experimental conditions, and the single species 

Anopheles gambiae is credited as being the most frequent and efficient vector for P. falciparum (Bremen 

2001). Sub-Saharan Africa suffers from extremely high transmission rates when compared to current and 

historical records of malaria in other regions. This is attributed to the ability of the Anopheles gambiae 

vector to support P. falciparum, as well as the species’ extreme tendency towards biting only humans, 

referred to as anthropophily, as opposed to other animals such as cattle and goats (White 1974). 

Subsequently, research on malaria from the biological, economic, and public health perspectives has been 

focused on understanding and controlling the interactions between P. falciparum, Anopheles gambiae and 

humans, in order to prevent disease transmission.  

Historically, malaria was present in most human inhabited regions, including North America, 
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central Europe, and the former Soviet Union. In the southern United States, for example, records show 

millions of cases of malaria in the 1930s. In 1946, the Center of Disease Control (CDC) was founded with 

the specific goal of combating malaria. Government-funded anti-malarial efforts including draining 

massive amounts of wetlands that served as mosquito habitat and breeding grounds. In 1955, the World 

Health Organization (WHO) launched the Global Malaria Eradication Programme with the goal of 

eliminating the disease within 10 years. Although the program—which relied heavily on use of the 

preventative insecticide dichlorodiphenyltrichloroethane (DDT) and the responsive drug chloroquine—

was eventually stopped, it was successful at ending transmission of the disease in the US, Europe, and 

other wealthy nations (Finkel 2007). The highest expense and concern stemmed from emerging research 

on the potential adverse effects of insecticides (including DDT) on people and wildlife. Based on this, 

some communities and governments began to question the ethical integrity of these programs 

(Greenwood and Mutabingwa 2002). Additionally, elimination of malaria with the above approaches 

proved easier in temperate versus tropical regions. Seasonal temperature variations and cold, dormant 

winter seasons caused mosquito and Plasmodium life cycles to occur more slowly in temperate zones, 

resulting in weaker populations more susceptible to only moderately intensive control methods (Colluzzi 

1999, Sachs and Malaney 2002).  

The elimination of malaria from higher-income, temperate regions, new research that caused 

controversy and uncertainty around the use of insecticides, and the more challenging environmental 
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conditions in the tropics resulted in an era of decreased interest and attention towards malaria control and 

research from the early 1970s through late 1990s (Greenwood and Mutabingwa 2002). The burden of 

malaria increased in this time despite its reduced geographic range. Factors contributing to this growth 

include human population growth, expansions in mosquito range due to climate changes, environmental 

degradation and deforestation, and weak health systems. Additionally, the concentration of disease in the 

tropics contributed to an economic disparity between wealthier temperate nations and less wealthy 

tropical nations (Sachs and Malaney 2002). Malaria control is difficult in less wealthy nations due to the 

lack of quality health services and access to treatments and prevention methods. Factors such as 

increasing insecticide resistance, drug resistance, and war and civil disturbances add to this difficulty and 

threaten the work of public health workers and government actions to control malaria (Greenwood and 

Mutabingwa 2002). 

 In 2002, Jeffery Sachs estimated that the number of malaria cases in 2020 would be double the 

amount in 2000 unless effective malaria control efforts were implemented (Sachs and Malaney 2002). In 

2008, the global incidence of malaria was 243 million cases per year, with death tolls over 860,000 people 

(WHO 2009). In 2009, cases dropped to 225 million—below the 2000 rate of 233 million cases—and 

deaths dropped to 781,000 (WHO 2010).  This drop is attributed to a scale-up of global malaria 

prevention efforts and funding (international aid totalled 1.8 billion USD in 2010). While approximately 

765 million people are still at risk for malaria, 2008-2010 saw delivery of enough insecticide treated 

bednets to prevent night time human-mosquito contact for 578 million people. In 2009, indoor residual 

spraying of insecticides resulted in protection of 75 million people, or 10% of Africa’s population (WHO 

2010). While Sachs’ estimates may have been exaggerated, it is only through serious efforts that we have 

managed to curb disease growth—with a peak of 244 million cases in 2005 (WHO 2010)—and begin 

reducing burden. 

The use of insecticides for malaria control has seen a revival in recent years, through the 

technique of indoor residual spraying (IRS). IRS involves careful, controlled spraying of insecticides 

along the inside walls of a home or community building. This process greatly limits both human and 

wildlife exposure compared to the widespread field sprays and helicopter fly-over methods of the 1950s 

and 1960s (WHO 2006). In 2006 the World Health Organization encouraged a scale-up in IRS towards 

vector-borne disease control and concurrently endorsed DDT for this technique (Kolaczinski et al. 2007). 

Out of 108 malaria-burdened countries, 44 report the use of IRS. Twelve of these countries use DDT 

(WHO 2009). There are 11 other chemicals currently recommended by WHO for use in IRS, including 

bendiocarb, malathion, lambda-cyhalothrin, and alphacypermethrin (WHO 2006).  

Funding agencies, policy makers and program implementers have pushed public health 

researchers to quantify the benefits of IRS. Theoretically, the technology is capable of hugely decreasing 
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the global malaria burden through killing mosquitoes and therefore stopping transmission. However, it is 

hard to generalize how effective IRS is at reducing malaria prevalence, as various researchers have shown 

conflicting results. Aspects of geography, entomology, human behavior, and community acceptance of 

the program could all contribute to why IRS is more successful in one community than in another. Few 

researchers have attempted to quantify the effects of IRS even on a small scale, and even fewer have 

addressed what factors might be major versus minor contributors to the relative success or failure of IRS 

programs around the world. Additionally, toxicity data from animal studies and recent epidemiological 

studies suggest that there may be long-term negative health consequences for those exposed to 

insecticides even at the low levels seen with IRS. This creates an ethical dilemma. Are the benefits of 

using insecticides as a method for reducing malaria disease greater than the consequences of exposure to 

those insecticides?  

In this manuscript, I examine this dilemma through analysis of academic literature and discussion 

with expert in the field. Chapter 2 presents the benefits of IRS through a meta-analysis, which aggregated 

results of published trials on efficacy of IRS. The studies identified for inclusion quantified the impact of 

an IRS program towards reducing malaria rates in a community or region. Through meta-analysis, I drew 

general conclusions about the extent of impact an IRS program can have, and gained insight as to what 

variables result in greater effects in one community over another—for example, the type of insecticide 

used, the initial malaria prevalence in the community, and the time frame of the program. The meta-

analysis also allows for an evaluation of the academic literature in the field, as we see which chemicals 

are being used, where malaria spraying is occurring, and who is benefiting from spray campaigns. Next, 

Chapter 3 presents the potential chronic human health consequences, through a review of chemical, 

toxicological and epidemiological studies. This section focuses on two chemicals—one that is used very 

frequently for malaria control spraying (lambda-cyhalothrin) and one that has seen an increase in use over 

the last five to seven years despite political and scientific controversy (DDT). The chapter begins with an 

analysis of physical-chemical properties that allow us to screen for potential hazard, and is followed by an 

in-depth review of several epidemiological studies that link exposure to IRS with negative reproductive 

health outcomes. Finally, Chapter 4 reports the results of interviews with malaria control experts in 

Tanzania, which provided insight on the cumulative perceptions of decision-makers regarding both the 

benefits discussed in Chapter 2 and the consequences discussed in Chapter 3. These interviews also reveal 

opinions on a variety of other facets to successful malaria control. Pulling all information together in 

Chapter 5, I discuss where the field must go with future conversations on the ethical dilemma of this risk-

risk trade-off, and how we can use this information to inform better management decisions.  
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The first goal of this study was to determine the overall effectiveness of indoor residual spraying 

on reducing malaria burden, and to gain information on the different factors that may contribute to the 

relative strength or weakness of the effect in different scenarios. It is nearly impossible to make 

generalizations from a single study. Individual studies are limited by a number of factors, most notably 

the defining characteristics of the population being sampled and the spatial and temporal parameters of 

that study and study population (Beach et al. 2005). A systematic literature review can therefore serve to 

synthesize information from a collection of studies and identify a range of potential outcomes and key 

factors that are different among these studies and allowing for greater generalizations to be made on the 

topic than a single study alone. In 2010, the Cochrane Collaboration published a review on the 

effectiveness of IRS at preventing malaria (Pleus et al. 2010). Their criteria for inclusion resulted in only 

six studies that were analyzed, out of an initial pool of 134 potentially relevant studies. 

By expanding upon the findings of the Cochrane Collaboration literature review, we can ascertain 

a greater understanding of the potential of IRS in any given situation. By widening the criteria for 

inclusion, we can include more studies despite larger differences between these studies, and then use 

meta-analysis techniques to synthesize and statistically analyze the results. Meta-analysis involves 

combining formal and informal quantitative statistical analysis to a defined group of empirical studies 

(Smith and Pattanayak 2002). One benefit of this approach over single studies or literature reviews is that 

statistically valid determination of the extent of variation caused by systematic differences between the 

studies, such as the type of study design or demographics of the chosen population size, may be detected. 

The magnitude of impact of characteristics that theoretically should influence the outcome of interest, like 

climate variables on malaria prevalence, are also determined (Pattanayak et al. 2003). The use of meta-

analyses can drive future research towards better-designed studies that more accurately capture reality, 

and influence policy towards more science-based actions.  

!
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Figure 2 illustrates the literature search method. The following five electronic databases were 

searched, with finds restricted to articles in peer-review journals within the last 10 years (publication year 

2000 through present): Web of Science, Google Scholar, PubMed, Science Direct, and WHOLIS. Key 

terms for this initial search included “malaria”, “indoor residual spray”, “IRS”, “prevalence”, and 
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“incidence”. Titles and abstracts of search results were scanned for articles that fit the following broad 

inclusion criteria: 

o observational (case-control, cross-sectional, cohort) or experimental (randomized 

control trial) study designs 

o reported a change in measurable human health outcome due to IRS interventions 

o study design allowed for measurement of effect of IRS alone, not in combination 

with other interventions  

 

With such criteria, papers that discussed predictive modeling of IRS effect or reported the effect of IRS 

on the mosquito population (rather than the human population) or established and reported a baseline 

measure of malarial outcomes in a region at a single point in time without providing any comparison 

population or time-lapse measures were excluded.  Studies from all malaria-risk regions (Africa, South 

East Asia, Central America and South America) and any study population (children, women, refugee 

populations, rural, urban, et cetera) were included. Several different measurable health outcomes were 

initially included as appropriate, including anemia rates, malaria parasitemia prevalence rates, mortality 

rates, clinical malaria incidence, however all studies that met the other criteria coincidentally focused on 

some form of measurement of parasitemia (i.e. slide positivity rate; cases, prevalence or incidence as 

verified by positive blood tests, et cetera). In total, 31 studies were identified as “potentially relevant” by 

this initial search of title and abstract.  

At the second review level, the 31 studies were retrieved in full and read in order to 1) make sure 

they actually fit the criteria highlighted above, and 2) included adequate information to measure a 

difference in human health outcomes corresponding with IRS only. I collected detailed information on the 

study location, study population, the intervention, and finally the health measurements and effects (Table 

1). Certain variables included (such as insecticide type, frequency of spray, time between spray and 

monitoring) are important pieces of information from a technical standpoint, and are theoretically 

influential in the effectiveness of a campaign to reduce malaria, regardless of behavior within the 

community towards malaria and health practices that might result in different levels of health outcomes. If 

an odds ratio was provided by the authors, this information was recorded. When an odds ratio was not 

provided, one was calculated based on the effects measurements and population sizes provided.  

In the process of compiling this information, 13 of the 31 studies were determined to be 

inappropriate for the analysis and therefore were omitted. Five of these studies reported the effect of 

integrated vector management (such as combined use of both IRS and ITNs) or combined introduction of 

preventative and treatment methods (such as IRS and rapid diagnostic tests) in a way where it was not 

possible to attribute a proportion of the change to a single intervention (Hamer 2009; John 2009; 

Kleinschmidt et al. 2009a; Maharaj 2005; Nyarango 2006). Three studies did not measure human health 

outcomes (Djenontin 2010; Fpemba 2008; Protopopoff 2008). Two studies did not measure a change due 
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to IRS but rather established a baseline prevalence rate (Ansari 2004) or a change over time following 

stop of IRS (Dhiman 2005). One study reported the same data as another but with a different focus of 

analysis, and so this study was excluded (Kleinschmidt 2007) while the other was included (Kleinschmidt 

et al. 2009b). Finally, I could not gain access to the full publication including relevant data points for the 

last two of the 13 articles (Doke 2000; Mnzava 2001). Table 2 provides a summary of the final 18 

publications which were included in the meta-analysis.  

To perform a meta-analysis, several variables were reclassified and new variables were included. 

This data manipulation was done in a way that led to a more simplistic analysis and interpretation. The  
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World Health Organization “Recommended Insecticides for IRS” list was referenced to decrease the 

“type of insecticide” variable from eight individual chemical names to four chemical classes (WHOPES 

2010). Not only did this increase the sample size for each option, but it also simplified analysis as some 

papers reported combinations of insecticides. For example, in Kleinschmidt et al. 2006, different 

insecticides were used over a time period, but those insecticides were all part of the same chemical class. 

Likewise, the 18 studies represent data from 13 different countries. To simplify this, the two binomial 
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dummy variables “East Africa” and “South Asia” were created based off the United Nations geoschemes 

(United Nations Statistics Division, 2010). Due to the nature of publications included in this data set, the 

South Asia classification resulted in a dummy variable where “1” represented India and Pakistan, and “0” 

represented all countries that are part of the African continent. Likewise, the “age group” category 

contained nine different classifications among the 18 studies. To simplify, the dummy variables “under 

15” and “under 5” were created to emphasize the higher-risk nature of children. A dummy variable was 

also created for malaria parasite type, where “1” represented only Plasmodium falciparum, and “0” 

represented combinations of P. falciparum and P. vivax. Data was organized using Excel (Microsoft 

2007). Odds ratio (OR) was calculated to represent the malaria risk in a sprayed community compared to 

a control community or pre-sprayed time period. Statistical analysis was performed and regression models 

were created using STATA 10 software (StataCorp, Texas, USA).  
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The 18 selected publications contained 130 different data points from 13 countries. A simple one-

sided t-test shows that the unadjusted mean OR is 0.3909 (95% Confidence Interval of 0.2958, 0.4861, p-

value <0.0001). However, several outliers were encountered. Most notable is the observation of an OR of 

5.01, which is one of three observations from a cross-sectional study (Sintasath et al. 2005). For this 

value, the authors determined prevalence of a random sample by blood tests, and then asked the sample 

whether their house was sprayed within the past 6 months. The OR of 5.01 can be interpreted as meaning 

that people who live in homes that were sprayed within the past six months are five times more likely to 

test positive for parasitemia. However, the random samples who were asked if their house or their village 

was ever sprayed both had ORs below 1 (0.57 and 0.48, respectively). The authors interpret these results 

by suggesting that in this region, spraying of homes within the last six months was a reactive measure not 

preventative measure, and that long-term spraying resulted in lower odds of parasitemia (Sintasath et al. 

2005). With this outlier removed, the new mean unadjusted OR is 0.3740 (95% CI 0.3006, 0.4475, p-

value <0.0001).  

The majority of the remaining 129 observations were from one of 11 African countries (92%, or 

118 observations). Only 8% (11 observations) was from South East Asia (India and Pakistan). No Latin 

American countries were represented. Four studies were randomized control trials (RCTs), five were 

cross-sectional studies comparing malaria parasitemia rates in a population that lived in IRS-covered 

homes to another group that did not, and nine were cohort studies that assessed the parasitemia rate before 

IRS intervention and then again at a certain time after IRS. This resulted in 11 observations from RCTs 

(only 8%), 25 observations (20%) from cross-sectional studies, and 93 observations (72%) were from 

cohort studies.  
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Of the 18 studies, ten addressed only malaria caused by Plasmodium falciparum (70 observations, 

or 54%). Six studies identified malaria from both P. falciparum and P. vivax, however, when reported, P. 

falciparum accounted for the majority of infections in these studies (52.5% in Sharma et al. 2005, 90% in 

Sintasath et al. 2005, and 74% in Tseng et al. 2008).  

 Studies reported on interventions that used seven different insecticide types. DDT was the most 

common insecticide, used in seven of the 18 studies (28 observations, or 22%). Alphacypermethrin was 

only used in three studies; however these studies contained 68 observations (52%). When looking at 

insecticides by chemical class, pyrethroids were most common (83 observations, or 64%). 

Organochlorines, which were only represented by DDT, were the next most common insecticide class (28 

observations, or 22%).   

 The average number of sprays in a study was two, with a range of one to 12. The length of time 

an RCT or cohort study proceeded after the first insecticide spray, or the number of months post-spray 

that a cross-sectional survey was conducted, ranged from two to 72 months (six years), but the middle 

50% of data ranged from eight to 12 months.  

 The mean study size was 6,010 participants. However, study size ranged from 93 to 61,130, with 

the middle 50% at 324 to 5638 people. 82% of the observations were in children under age 15, but only 

4% of all observations were exclusively in children under 5 years old. Only one study of the initial 31 

addressed a population of pregnant women; however this study could not be included in analysis because 

it did not separate the impact of IRS from impact of other interventions (Hamer 2009).  

I ran several regressions, checking for co linearity and normality of residuals (see Appendix A). 

Regressions used transformed data, in attempts to find the best mathematical fit, but also used 

untransformed data, for ease of interpretation. It is noted that the initial variables, both response and 

predictors, do not need to be normally distributed before regression analysis: 

“Normality is not required in order to obtain unbiased estimates of the regression 

coefficients. OLS regression merely requires that the residuals (errors) be identically and 

independently distributed. Furthermore, there is no assumption or requirement that the 

predictor variables be normally distributed. If this were the case than we would not be 

able to use dummy coded variables in our models.” (Chen et al. 2003). 

 

The two best-fit models from this analysis are shown in Tables 3 and 4. Using transformed 

variables, the following predictor covariates from the list seen in Table 2 have positive influences on the 

odds ratio: significant to a level of at least 10%: size of study (continuous), use of organophosphate 

insecticide (binary), P. falciparum-caused malaria only (binary), cross-sectional study design (binary), 

and cohort study design (binary). Significant negative predictors include proportion of non-intervention 

population with malaria (continuous) and use of organochlorine insecticide (binary).  Study population 

age under 15 years is a borderline significant negative variable (with significance of <15%). In the second 
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regression model which used untransformed variables, the results show two minor changes compared to 

the transformed data model. The binary variable for use of organochlorine is no longer significant within 

the 10% level, however the direction of influence remains negative. Age under 15 years moves from 

borderline significance to clearly not significant.  

Overall, the regression results can be interpreted as follows. First, starting prevalence of malaria 

has a significant negative effect on odds ratio, meaning that higher starting prevalence results in lower 

odds ratios. This indicates that IRS is more effective in communities with higher starting prevalence of 

malaria. Second, studies with larger sample sizes have slightly positive effects on odds ratio over studies 

with smaller sample sizes, meaning larger studies found IRS to be less effective. Third, the 

organochlorine class, which is simply DDT, is more effective for IRS at reducing malaria than non-

organochlorines, based on a negative coefficient. In these regressions, the non-organochlorine class is 

largely pyrethroids. Likewise, organophosphates have a positive coefficient meaning they are less 

effective than non-organophosphates (i.e., organochlorines and pyrethroids). We can therefore assume a 

ranking of insecticide types from most to least effective as follows: DDT, pyrethroids, organophosphates. 

Finally, we see that cross sectional studies and cohort studies have positive coefficients, meaning that 

these study designs found IRS to be less effective than the randomized control trials, when other factors 

are controlled.  
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 IRS is considered to be one of the most promising technologies for achieving reductions in global 

malaria burden (WHO 2006). This meta-analysis shows that IRS can decrease the odds of malaria 

parasitemia in a community by approximately 63% (based on aggregation of data from studies with ORs 

ranging from 0 to 1.55). However, much work is left undone in terms of experimental evaluations of IRS 

effectiveness and monitoring and evaluation of IRS programs, in order to turn that promise into a reality.  

 Descriptive statistics of the literature review data reveal a number of areas where academic research 

and applied public health are misaligned. To start, the literature review resulted in representation of only 

13 countries, 11 in sub-Saharan Africa. There are 108 malarial countries around the world, 44 of which 

use IRS. Of those 44 countries, 19—less than half—are in Africa. (WHO 2009).  While approximately 

85% of malaria incidence occurs in the African continent (~208 million cases), there are significant 

percentages of the global burden occurring in specific countries in Latin America, South America and the 

Eastern Mediterranean, and IRS is used in many of these countries (WHO 2009).  For example, Brazil 

bears over half of the burden in the Americas region—over 300,000 cases annually (PAHO 2008)—and 

considers IRS a “primary vector control intervention” (WHO 2009b). The research on IRS efficacy needs 

to be expanded, and locations diversified. There are many untapped opportunities for significant 

advancements in research on the impact of IRS programs across varied communities and landscapes.   
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 Additionally, 38 of the 108 malarial countries showed significant successes towards reducing 

malaria burden from 2000 to 2008. Malaria incidence has decreased more than 50% in five out of ten 

endemic countries in South East Asia, 12 out of 21 in the Americas, six out of seven in Europe, three out 

of eight in the Eastern Mediterranean, and three out of ten in the Western Pacific (WHO 2009). Only five 

of these 38 countries were represented in the literature review. How many other countries in this list of 

“successes” are using IRS as part of their prevention plan, and, just as importantly, how many are not? 

The effectiveness of IRS needs to be discussed not just in terms of a single community impact, but also 

within a context of global control efforts.  

 Finally, 44 out of 108 malaria countries reported using IRS, with only 12 using DDT (WHO 2009). 

Yet, seven of the 18 studies focused on DDT. While the controversy over DDT’s risks and benefits draws 

much public interest to the topic and hence scientific interest in justifying (or not) the use of DDT, public 

health policy has so far chosen to use insecticides other than DDT. It would benefit the field to have a 

better representation of these other insecticides in the evaluation literature, to provide guidance that is 

more relevant to existing IRS programs under current regulatory schemes.  

 The results from the regressions provide some interesting information that can help governments 

direct their strategic plans, and aid NGOs in managing existing or developing new projects. For example, 

the relationship between odds ratio and starting prevalence shows that programs in communities with 

higher initial malaria rates might benefit more from IRS than communities with lower initial malaria 

rates. IRS is an expensive method for malaria control, requiring major coordination efforts between the 

funding agencies, implementation agencies, and communities receiving treatment. Precautionary steps 

must be taken when using insecticides to protect both humans and the environment from adverse effects. 

These precautions require major efforts in education of both workers and the community. The 

controversial impacts of accidental environmental contamination present potential for national and 

international public policy concerns. Identifying regions that might benefit more from an IRS campaign, 

such as areas with higher starting prevalence, can serve to target a limited amount of resources towards a 

maximum impact. Additionally, many countries have recently indicated desire to use DDT in their 

national strategic plans, despite known environmental and suspected human health consequences (Mwita 

2010). The regression results show that DDT is indeed more effective at reducing malaria prevalence than 

pyrethroids or organophosphates. These findings could serve to change the cost-benefit analysis of DDT 

use on a local or regional scale, and should be considered in areas with severe malaria burden.  

 The results of the meta-analysis are limited by the constrictions of the literature review. With only 

18 studies, the major conclusion is that there simply is not enough information available to confidently 

determine the nature and magnitude of the effect of programmatic variables on malaria prevalence. 

However, data indicates that starting prevalence, type of insecticide, population size, and study design 
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type have an impact on the effectiveness of one IRS campaign compared to another. Conversely, factors 

such as the duration of the intervention program, age of the population, and geographic location lack 

significant impact. However, the model does not adequately describe the full variation within the data set 

and are by no means a perfect fit for explaining the data. This indicates that there may be additional 

factors we must consider, which would require more extensive monitoring and record keeping during IRS 

effectiveness studies to make this information available. For example, the amount of rainfall within the 

months before and after spraying could result in changes to the size of the mosquito population and would 

likely affect residual insecticide action. Differences in rainfall and temperature could also indicate human 

behavioral changes, such as the relative amount of time spent inside the residence. This could alter the 

personal contact with the mosquito vector. Such variables would have effects at such a micro scale, both 

spatially and temporally, that one cannot merge information from other databases on annual or monthly 

averages in order to get a valid proxy. The information must be collected at the time of the study to truly 

model what is occurring. Finally, IRS serves to eliminate some of the individual behavioral change 

choices that must be made in order to be protected by technologies like insecticide-treated bednets. 

However, the IRS studies failed to consider the time spent outside the protected home or building. This 

might be reflected by time spent visiting family members in an unsprayed village, working outside in a 

rice paddy or agricultural field, or gathering water from a remote source. Different study populations, and 

even different individuals within the same study, could have different levels of exposure to mosquito 

vectors outside the home. Assumptions that people are adequately and equally protected because they live 

in a sprayed home or community may prove incorrect when more is known about their movements 

throughout a community or region. Analysis of mosquito exposure on an individual level might result in 

changes that alter calculations of odds ratios.  

 In order to translate the promise of IRS technology into reality, we need to grasp a better 

understanding of the situational context behind highly successful, less successful, and unsuccessful IRS 

campaigns. This literature review and meta-analysis provided a start to that process, but more monitoring 

and evaluation of existing IRS campaigns is necessary in order to provide a full picture of how, and by 

how much, IRS can impact malaria burdens, in order to better inform future malaria control policy and 

actions.  
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 The second goal of this study was to assess human health risks associated with IRS (indoor 

residual spraying) that are inherent to the type of insecticide chemical used. The analysis was restricted to 

two compounds. First, DDT was chosen due to its historical impact on malaria burden, the high level of 

political pressure that exists for and against its use, and the recent WHO endorsement of DDT for IRS 

(WHO 2006). The second compound, lambda-cyhalothrin, a member of the pyrethroid insecticide classis 

one, is of the most commonly used IRS-approved compounds and is considered one of the safest 

insecticide classes. Additionally, Tanzania—the case study country where the Expert Elicitations 

described in Chapter 4 take place—currently performs all government-approved IRS programs using 

ICONCS10, a lambda-cyhalothrin formula produced by Syngenta. However, within Tanzania’s strategic 

plans is a switch to use of DDT, pending re-registration of the chemical by the national authoritative 

board (Mwita 2010).   
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The United States Toxic Substances Control Act of 1976 (TSCA) gave the United States 

Environmental Protection Agency (EPA) the authority to require reporting, testing, and restrictions for all 

chemicals. Under TSCA, manufacturers must provide key information to the EPA prior to production or 

use of a chemical product. This information includes chemical identity, molecular structure, estimated 

production volume, by-products, human exposure estimates, and disposal methods as well as an 

“Environmental Hazard Profile” (Nabholz 1991). A completed Hazard Profile is not required under 

TSCA; manufacturers must simply provide all available data at the time of requested registration. 

However, a list of suggested data that should be provided for a complete hazard profile includes acute 

LD/LC50 or ED/EC50 values (statistically derived dose or concentration at which 50% of subjects suffer 

lethality or other targeted effects), no-adverse-effect-concentrations or -levels (NOAECs/NOAELs), 

chronic toxicity threshold values, and bioconcentration factors for several aquatic organisms (fish, 

invertebrates, benthic organisms, green algae, bacteria, macrophytes) and terrestrial organisms (mammals, 

birds, reptiles, amphibians). These values can be experimentally determined or predicted based on 

quantitative structure activity relationships with other compounds. While a completed profile therefore 

involves many tests, most Hazard Profiles submitted under TSCA include just four toxicity tests on three 
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species: fish acute toxicity, invertebrate acute toxicity, and green algae acute and chronic toxicity 

(Nabholz 1991).  

The European Union regulates chemicals under the 2001-established REACH program 

(Registration, Evaluation, and Authorization of Chemicals). REACH, like TSCA, focuses primarily on 

production and use levels of the substance to determine levels of concern. REACH follows a “volume-

triggered notification system” approach, requiring greater amounts of experimental toxicological data as 

production increases (Combes et al. 2003).  

As both TSCA and REACH do not require extensive experimental toxicity tests to ensure the 

safety of a chemical prior to production and use, it is crucial that basic information such as a chemical’s 

experimentally known or predicted physical-chemical properties and information on manufacture, use, 

and likely human exposure can be used to screen for compounds which may be of concern for human and 

ecological health. Read-across approaches which infer likely environmental persistence, bioaccumulation 

potential, and toxicity of a compound based on similarities to other compounds with known toxicity 

profiles are extremely popular with these regulatory programs (Combes et al. 2003). The REACH and 

TSCA programs, as well as other regulatory measures like the international Stockholm Convention on 

Persistent Organic Pollutants, have determined criteria levels for several physical-chemical properties that 

highlight potential for persistent, bioaccumulative, and toxic behavior. The following generally accepted 

values (Baun et al. 2006, EPA 2010) were used in this assessment: 

Persistence: 

o Half-life in water > 60 days, half-life in sediment > 120 days 

o Not readily biodegradable, or predicted biodegradability of weeks to months 

 

Bioaccumulation/Bioconcentration:  

o Bioconcentration factor (BCF) > 5,000 for high potential,  

              100 ! BCF < 5000 for low potential  

o Octinol-Water partition coefficient (log Kow) > 5 for high potential,  

              3!logKow<5 for low potential.  

 

Toxicity:  

o LD50 between 50 -500 mg/kg/day for moderate toxicity, <50 mg/kg/day for high toxicity 

o Endocrine disrupting effects  
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DDT is the ISO (International Standard Organization) common name for a synthetic compound 

that does not occur naturally in the environment. It is less commonly known by a plethora of other names, 

including zeidane, dicophane, and chlorophenothane, and has the molecular formula C14H9Cl5 (WHOPES 

2009). Technical-grade mixtures of DDT are comprised of three main congeners:  
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o 65-80% p,p-dichlorodiphenyl-trichloroethane (p,p’-DDT, CAS# 50-29-3),  

o 15-21% o,p’-dichlorodiphenyltrichloroethane (o,p’-DDT,  CAS# 789-02-6)  

o 0.3-4% p,p-dichlorodiphenyldichloroethylene (p,p’-DDE, CAS#3424-82-6)  

                                                                                                   (Metcalf 1995)  

 

The o,p’-DDT component has the greatest insecticidal properties (WHOPES 2009), whereas p,p’-DDE is 

also the major metabolite of DDT molecules in humans and other animals (WHO IPCS 2009). o,p’-DDT 

has a relative molecular mass of 354.5. Technical-grade DDT has a melting point of 74.2oC, vapor 

pressure of 1.1 x 10-7 at 20oC, octanol/water partition coefficient (log Kow) of 6.79, Henry’s Law Constant 

of 5.9x10-7 atm-m3/mol, and solubility in water of 0.085 mg/L (ATSDR 2002). The bioconcentration 

factor is estimated at 6 x 104 (Wang and Wang 2005). When DDT enters an aquatic environment, 90% of 

the compound will volatilize within 30-40 days. The remainder will absorb to biota, suspended particulate 

matter, and sediment (ASTDR 2002), as the adsorption partition coefficient (log Koc) of 4.54 illustrates 

(Van den Hoop et al. 1997). In terrestrial systems, DDT will quickly adsorb to soil, where it 

photodegrades and biodegrades. Half-life of DDT in soils under tropical and subtropical climates ranges 

from 22 to 327 days, whereas the half-life of the DDE metabolite ranges from 151 to 271 days. This is 

drastically quicker dissipation than in temperate regions, where reported half-life ranges from 837 days to 

30 years (ASTDR 2002). The half-life of DDT in water his pH dependent, ranging from 81 days at a pH 

of 9, to 12 years at a pH of 5 (Wolfe et al. 1977), with an estimated average in environmental conditions 

of 229 days (Beyer et al. 2000).  
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Lambda-cyhalothrin is the common name for a chemical mixture of enantiomers (mirror-imaged 

molecules) with molecular formula C23H19ClF3NO3 and IUPAC name !-cyano-3-phenoxybenzyl-(1,3)-3-

(2-chloro-3,3,3-trifluoroprop-1-enyl)-2,2dimethylcyclopropanecarboxylate (CAS# 91465-08-6) 

(WHOPES 2007). It is a type II pyrethroid, characterized from type I pyrethroids due to the presence of a 

cyano group (ATSDR 2003). Lambda-cyhalothrin has a molecular mass of 449.9, melting point of 

49.2oC, vapor pressure of 1.5 x 10-10 mm Hg at 20oC, octanol/water partition coefficient (log Kow) of 6.9, 

Henry’s Law Constant of 1.8 x 10-7 atm-m3/mol and solubility in water of 0.003 mg/L. (ATSDR 2003). 

The bioconcentration factor is estimated at 2,240 (He et al. 2008).  Pyrethoids degrade quickly through 

photolysis, hydrolysis, and biodegradation. However structural modifications of certain pyrethroids, 

including lambda-cyhalothrin, allow for a slightly longer persistence (ATSDR 2003). Photolysis studies 

of lambda-cyhalothrin in water at a pH of 5 for 31 days estimate a half-life of 24 days, but the studies 

were hindered by the fact that the compound is too hydrophobic to stay in solution (WHOPES 2007). 

Lambda-cyhalothrin readily adsorbs to soils, with an adsorption partition coefficient (Koc) over 247,000  
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cm3/g (log Koc > 5.4), and has a soil degradation half-life of 42.6 days. The photolysis half-life in soil is 

estimated at 53.7 days (He et al. 2008). 
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High exposures to DDT can result in 

negative impacts on the nervous system, through 

impairment of nerve impulse conduction. DDT 

acts to prolong the sodium current in neuron 

axons. This results in an over-activity of after-

potentials and synaptic junction signaling. 

Clinical symptoms include excitability, tremors, 

seizures, excessive sweating, headache, 

dizziness, and nausea. Hepatotoxicity and 

negative effects on the adrenal gland are also seen in animal studies. o,p’-DDT has estrogen-like 

properties, and p,p’-DDE has anti-androgenic properties. DDT is considered a probable human 

carcinogen according to the U.S. Department of Health and Human Services and the International Agency 

for Research on Cancer (IARC), based on support primarily from animal studies (ATSDR 2002).  

Studies included in the U.S. Agency for Toxic Substances and Disease Registry’s review indicate 

acute LD50s between 113 to 4000 mg/kg/day in rats, 85.7 to 1466 mg/kg/day in mice, 400 mg/kg/day in 

guinea pigs, and 300 mg/kg/day in rabbits. Acute and intermediate LOAELs for less serious systemic 

effects were seen at 12 to 50 mg/kg/day for hepatic effects in rats, and 200 mg/kg/day for degenerative 

endocrine effects in dogs. Neurological effects in rats and mice were observed at LOAELs between 50 to 

200 mg/kg/day. Chronic exposure tests in mice and rats produced NOAELs between 1.9 and 10 

mg/kg/day for developmental effects, 0.75 and 10 for reproductive effects, and 20 to 231 mg/kg/day for 

other systemic effects (such as hepatic, renal, cardiovascular, and respiratory) (ATSDR 2002). 

DDT’s estrogenic and anti-androgenic properties are of particular concern. Several studies have 

shown negative effects on semen and sperm quality and function. One study of juvenile rats indicated that 

decreased levels of testosterone in blood and testes occurred after just 3 weeks of exposure at a level of 

100 mg/kg every other day (Krause 1977). Another more recent study showed dose-dependent reductions 

in sperm count and motility occurred after just 10 successive days of exposure to 50 mg/kg/day and 100 

mg/kg/day (Ben Rhouma et al. 2001). Evidence for reproductive defects due to fetal or prepubertal 

exposure also exists, though results are less conclusive. A 1999 study of p,p’-DDE dosed to pregnant 

Sprague Dawley rats at 100 mg/kg during gestational days 14-18 resulted in 7.8% of offspring with 

hypospadias, compared to 0% in control. However, Long Evans rats tested did not show any hypospadias 
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(Wolf et al. 1999). Increased numbers of cryptochidism (undescended testes) was noted in a study of 

rabbits dosed with p,p’-DDT at both 9 and 90 mg/kg/day from gestational day 15 through postnatal week 

four (Veeramachaneni et al. 2007). Studies of changes to anogenital distance in newborn Long Evans rats 

who’s mothers were dosed with 100 mg/kg p,p’-DDT or p,p’-DDE during gestational days 14-18 show 

significant positive effects at 100 mg/kg in two studies (Kelce et al. 1995, You et al. 1998) but not in a 

third (Wolf 1998). The third study did show positive effects in Sprague Dawley rats, however (Wolf 

1998).  
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Like DDT, natural pyrethrins and synthetic pyrethroids are also neurotoxicants. When exposed to 

a large amount, they can affect the central nervous system and interfere with brain function, resulting in 

feelings of dizziness, headaches, muscle twitching, and nausea (ATSDR 2003).  In rat studies, acute oral 

LD50 values for pyrethroids range from 18 to more than 5,000 mg/kg, with Type II pyrethroids, such as 

lambda-cyhalothrin, having lower LD50s—therefore higher toxicity—than type I pyrethroids (ATSDR 

2003). Syngenta, who manufacture a product called ICON10CS for use in IRS, report an LD50 for the 

product (which has a concentration of 100g/L active ingredient, lambda-cyhalothrin) of > 5,000 mg/kg for 

ingestion in rats, and >2,000 mg/kg for dermal deposition in mice (Syngenta 2007).  The pure chemical, 

however, has an LD50 of 56-79 mg/kg in rats and 19-31 mg/kg in mice, and a dermal LD50 of 632-696 

mg/kg in rats (MSDS Lambda-Cyhalothrin). Acute and intermediate toxicity studies included in the U.S. 

Agency for Toxic Substances and Disease Registry’s review indicate NOAELs between 9.2 to 21.2 

mg/kg/day for ocular, reproductive, and developmental effects in rats and between 1 to 10 mg/kg/day for 

ocular, neurological, and gastrointestinal effects in beagles. Minimum risk levels (MRLs) for humans 

were derived as 0.01 mg/kg/day for acute and intermediate oral exposure. Chronic studies reported a 

NOAELs ranging from 4.6 to 23.1 mg/kg/day for hematic, hepatic, and ocular effects in rats, 51 to 57.6 

mg/kg/day for hematic and ocular effects in mice and 0.5 to 5 mg/kg/day for neurological effects in 

beagles (ATSDR 2003).  There is no evidence that lambda-cyhalothrin causes developmental toxicity or 

endocrine disruption (Syngenta 2007).   

!
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The log Kow for both compounds is in line with the Kow’s for several decidedly toxic compound 

classes, such as the PCBs, which range from 4.7 to 6.8 (ASTDR 2000), and PAHs, which range from 4.0 

to 6.8 (ASTDR 1995).  The high value for both DDT and lambda-cyhalothrin signifies hydrophobicity 

and a tendency to move from water or solute into lipid or other tissue. This is supported by the low water 

solubility and high bioconcentration factors. While the data for both chemicals are within the range of 
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“high bioaccumulation potential” according to REACH and TSCA criteria (based on a log Kow > 5) 

lambda-cyhalothrin would be considered lower potential (based on the BCF < 5000). The BCF for DDT 

indicates a much more serious concern for bioaccumulation and biomagnification, comparative to 

lambda-cyhalothrin.  

The predicted low vapor pressures and Henry’s Law Constants signify unlikely volatilization for 

each compound. However, technical DDT has a very long environmental half-life, during which time the 

p,p’-DDT degrades largely into o,p-DDT, which is more volatile. This creates a concern for widespread 

exposure diffused from the source (Spencer and Cliath 1972 1972). The quick half life of lambda-

cyhalothrin indicates that environmental persistence is not a concern, however DDT does warrant 

classification as highly persistent in soils.  

Lambda-cyhalothrin has a lower LD50 than DDT, indicating a higher potential for acute toxicity, 

and comparable NOAELs, indicating a possibility of effects at similar exposure levels. However, DDT is 

of greater concern. Human exposures to lambda-cyhalothrin will likely be lower than exposures to DDT 

when both are used in the same way for IRS, due to the environmental fate of the compounds. Lambda-

cyhalothrin is not persistent, where DDT is highly persistent. Lambda-cyhalothrin is only moderately 

bioaccumulative, whereas DDT is highly bioaccumulative. The actual risk for toxic effects is greater for 

DDT than lambda-cyhalothrin, despite comparable toxicity data, because exposure potential is greater. 

Additionally, animal studies indicate that DDT is an endocrine disrupting compound, which classifies it 

as of high concern for human health. Lambda-cyhalothrin, on the other hand, has no evidence of 

endocrine disruption or other reproductive toxicity. Since the long term reproductive effects and 

endocrine-disrupting properties of DDT are an additional concerning factor over lambda-cyhalothrin and 

also more relevant to the low-dose, long-term exposure style expected from IRS than acute toxic effects, 

they will be the focus of the rest of this chapter. 
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To consider the negative human health impacts, epidemiological studies must identify 

populations that are exposed to insecticides through IRS and determine some classification of exposure 

levels. Then, they need to evaluate an outcome of interest and adjust or control for confounding variables 

in order to infer the relationship between the exposure and outcome. In this section, I have selected an 

exposure of interest with defined appropriate classifications for exposure, and an outcome of interest. I 

then performed a literature search for epidemiological studies with the same definition of exposure and 

outcome. Results are presented and analyzed in order to determine the internal and external validity of 

each study’s findings, and to determine a general consensus for the relationship between exposure and 

outcome.  
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 Human exposure to the insecticides used in IRS is possible through a number of routes, including 

inhalation, dermal deposition, and ingestion (due to accidental hand-to-mouth contact). There are also 

significant possibilities for exposure in utero and neonatally through breast milk. DDT is currently used 

for malaria control in at least 14 countries, most of which are in sub-Saharan Africa. As recently as the 

early 2000s, it was used in several Latin American countries, including Mexico (van den Berg 2009). This 

results in a large population that has been exposed, or is currently being exposed, to DDT from its use in 

IRS. Many more countries have national strategic plans that include hopes for reintroduction of DDT in 

upcoming years, which could result in an expansion of exposed populations.  

3"ID"$%*0&'-;-,8'-)&$);$8&$)+',)B0$);$-&'0(02'.$

 Exposure to DDT results in a range of outcomes seen in animal laboratory tests and field studies. 

The strongest and most critical outcomes are hormonal changes and reproductive abnormalities, as DDT 

is an endocrine disrupting compound with estrogen-mimicking capabilities (Mangochi 2010). Endocrine 

disrupting compounds have a very long window of opportunity for causing effects, as sexual development 

is sensitive to small hormonal imbalances from the time in utero to post-puberty. Because of this long 

window of opportunity as well as the number of different roles that estrogenic and androgenic hormones 

play in human development, exposure to a single endocrine disrupting compound can result in a number 

of different outcomes, dependent on the stage of development at the time of exposure. One main function 

of the endocrine system is regulation of sexual development, and so it follows that issues related to 

negative reproductive function are a major concern with endocrine disrupting compounds.  
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The focal outcomes of this study are ones that typically result from over-estrogenous signaling or 

anti-androgenous signaling, as this would be the expected result of DDT exposure based on modes of 

action derived from animal studies (Mangochi 2010). Males are more typically studied than females for 

effects of endocrine disrupting compounds simply because the outcomes are easier to physically study in 

males. Outcomes of interest with endocrine disrupting compounds include those that would inhibit or 

reduce the ability to successfully reproduce, such as decreased sperm quality and function (such as sperm 

count and motility) or physical reproductive tract defects like hypospadias, cryptochidism, and reduced 

genital size—known collectively as urogenital birth defects, or UGBDs. These types of outcomes are non-

fatal, but are a community-level demographic concern. An increased level of reproductive defects in a 

community could result in lowered reproductive rates and unbalanced population demographics over 

time, especially in regions that do not have sufficient access to health care or the income necessary to 

afford fertility therapies, hormonal treatments, and other correctional treatments. On a more personal 

level, there is an aspect of human instinct involved with procreating, which could sadly be denied to many 

families if environmental exposure to DDT resulted in lowered fertility. UGBDs can also lead to a 

number of social hardships on an individual level.  Take for example the case of famous South African 

runner Caster Semenya, who won a gold medal in her first professional race, the 800-meter run at the 

Track and Field World Championships in August, 2009. Semenya, who was 18-years old at the time, 

made news not only for her gold-medal debut into the profession, but also for the scrutiny over her 

gender. After suspicions of illegal blood doping turned out to be unjustified, Semenya, who grew up in a 

rural village in DDT-sprayed Limpopo Province, South Africa, was accused of being hermaphroditic and 

therefore ineligible for the women’s track and field competitions. After nearly eleven months of traumatic 

scrutiny and embarrassing media coverage, Semenya reached an agreement with Track and Field 

officials. She would be allowed to keep her titles and prize money and continue competing in Women’s 

Track and Field, however results of the sex-determinations tests were held confidential (New York Times 

2010). While this is an extreme case and the connection to DDT is only speculative, it nevertheless paints 

a striking image of the possibilities.  
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 Exposure is first defined based on the source, malaria control efforts. The purpose of asking this 

question is to gain new information about the safety of DDT when used in a specific application, and so it 

is critical that measurements of exposure included a method for verifying source and eliminating effects 

from other sources. This can be done by asking study participants about their time spent in homes and 

buildings that they know were treated with DDT, and by looking at records of spray programs across 

communities. One issue with this method of exposure assessment is that we would only be able to 
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identify individuals as “exposed” and “unexposed.” Members of the exposed group could have varying 

levels of true exposure, based on the amount of time they spend indoors versus outdoors, how much time 

they spend at their own home versus at work or at friends’ homes (which may or may not be sprayed), 

and so on. Likewise, members of the “unexposed” group could still have exposures that occur when at 

work or visiting friends in buildings they were unaware were sprayed, or from residues of DDT that travel 

through the environment among a number of different pathways. Therefore, a second, more concrete 

measure of exposure can be used: analysis of blood samples for DDT metabolites. This method of 

exposure assessment allows a researcher to stratify participants based on the cumulative concentration of 

DDT they have been exposed to over a five to 10 year time-period, as DDT had a long half-life and 

remains detectible in human blood for up to 10 years after exposure. However, this measurement on its 

own is not enough to link the exposure to a source. The best studies, therefore, would be ones that 

combine the two methods of exposure assessment.  

 Outcome is also difficult to measure, because, as stated before, there is a range of related 

outcomes that can occur from the same exposure. An ideal outcome assessment would look at a variety of 

factors that could exhibit an association to DDT exposure. Most studies, however, just focus on one of 

two different levels of male reproductive defects. First, researchers can look at physical abnormalities that 

are present at birth, due to in utero exposure. There are a number of different UGBDs that can result from 

hormonal imbalances in utero, which we can group into a general category. Researches must be trained to 

identify a wide variety of related abnormalities. Second, they can look at semen quality as a signal of 

infertility caused by DDT exposure at later stages of life and sexual development.  Similar to the UGBDs, 

researchers must assess a number of different parameters that indicate reduced quality of semen.  

3"I*$E-'0(8'+(0$%*0&'-;-,8'-)&.$

Google Scholar and Web of Science online databases were used to search for relevant papers. 

Key words included “insecticide”, “DDT”, “malaria”, “IRS”, “health”, “reproductive defect”, “side 

effect”, “birth defect”, and “consequences”. When a relevant study or semi-relevant study (i.e., a study 

that measured environmental contamination in an IRS-treated area) was identified, the citations within 

that study were searched for other potentially relevant papers.  
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Search results showed that the question of whether low-dose exposure to DDT through IRS 

results in community-level changes in reproductive health parameters is hypothetically supported, but 

understudied. There is sufficient data showing these outcomes for animals exposed to DDT, as well as 

articles speculating that the use of DDT for IRS could result in similar outcomes for humans. 
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Epidemiological studies have linked high levels of DDT exposure in agricultural settings to adverse 

human reproductive outcomes, however there are very few epidemiological studies specifically looking at 

adverse human reproductive outcomes when DDT is used for IRS. No studies were found that addressed 

chronic outcomes from low-dose exposure to pyrethroids used in IRS. There are a number of 

epidemiological studies that assess the level of exposure and potential for outcomes in populations 

exposed to DDT through IRS. While these are important in conjunction with the effects and outcome 

information of animal toxicology studies and epidemiological agricultural studies, they are not able to 

completely answer the questions posed here, as there is no assessment of outcome. Only five studies fully 

addressed a non-occupational exposure to IRS linked with an adverse outcome.  

Three studies addressed the outcome of reduced seminal parameters, finding that DDT exposure 

results in reduced semen quality. The group of researchers under Mohamed Dalvie found that 84% of the 

various semen quality parameter scores addressed among a population of DDT-exposed vector-control 

workers were below the acceptable international criteria, with self-reported perception of sexual 

dysfunction reaching 20% (2003). The groups under Christiaan de Jager (2006) and Natalie Aneck-Hahn 

(2007) addressed non-occupationally exposed men (only environmental exposures), and also found 

negative associations, though the extent of the association is inconclusive.  

 The remaining two studies addressed UGBDs within residentially-exposed populations, with 

strong yet conflicting results. Bornman and colleagues present findings of a 33% greater chance of having 

a child born with a UGBD, such as hypospadias, crytorchidism, penile cysts, or micropenis, if the mother 

lives in a sprayed home (2009). Conversely, Longnecker et al. found that there was no strong evidence of 

in-utero exposure resulting in similar urogenital outcomes (2007), however the researchers noted the 

study population’s low exposure compared to at-risk populations in other regions, and other design 

weaknesses including a lack of precise exposure measures and the possibility of overlooked outcomes.  

 Table 8 provides key data on study parameters and results for each of the five studies. Short 

summaries of each paper are provided in Appendix B.  

$
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In asking whether use of DDT for malaria control environmental exposure to results in negative 

reproductive outcomes, researchers must design and conduct studies that are ethically sensitive as well as 

financially and temporally conservative. It is not possible to conduct an experimental study, as that would 

involve subjecting a population to an endocrine-disrupting compound with known negative repercussions.  
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Therefore, an observational study design must be used. Options include cohort studies, case-control 

studies, and cross-sectional studies. 

Cohort studies recruit participants based on a common characteristic, defined according to an 

exposure status, and follow participants through time to determine incidence of a defined outcome. The 

cohort includes a comparison group, who are unexposed members of the same characteristic cohort, the 

general population, or another cohort of comparable characteristics but no exposure (Aschengrau and 

Seage 2003). This type of study could be appropriate for this study question, however would be difficult 

and costly to perform. Endocrine disrupting compounds have a very long window of exposure for causing 

effects, ranging from in utero to post-puberty, and could result in a number of different outcomes based 

on the stage of development at time of exposure. In order for a cohort study to be performed, researchers 

would need to recruit the cohort population pre-birth through recruitment of mothers. Researchers would 

then lose roughly half their selected cohort, as the anti-androgenous activity of DDT does not affect 

females. Then, researchers would need to follow this cohort through at least 20 years, which would be 
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very costly and difficult. Follow-ups over the years would need to be in person, as the outcomes of 

interest are often impossible to symptomatically diagnose and are not generally investigated by doctors.  

Case-control studies are designed by identifying “case” populations who have a particular 

outcome, and “controls”, which do not, and then comparing exposure histories between the two. Control 

groups must come from the same base population as the cases and fit the “would criterion” that they 

would fit the definitions of the case group were they to get the disease of interest (Aschengrau and Seage 

2003). A case-control study would be difficult with this question given that the outcomes are either not 

detectible without microscopic analysis (semen quality), or are physically detectable but only investigated 

and recorded under a specific request to do so (urogenital defects).  

The five studies identified use cross-sectional study designs. A cross-sectional study looks at a 

defined population at a single point in time, to analyze the relationship between exposure and disease 

prevalence (Aschengrau and Seage 2003). Cross-sectional studies are observational, rather than 

experimental, which is beneficial in that a range of outcomes and variables can be addressed in a way that 

allows researchers to explain cause of disease. By taking a “snapshot of the population at a single point in 

time” (Aschengrau and Seage 2003), cross-sectional studies allow researchers to quickly measure 

exposure in relation to disease prevalence across a study population. This is a strength for study questions 

like this one, where the biological causality between exposure and outcome is difficult to assess and 

varies considerably among diseased members in terms of time of exposure and type of outcome. They 

have a low cost due to their short study period, which is beneficial in this situation because the rural 

location of the study populations creates additional difficulties and costs (for example, biological samples 

need to be refrigerated in remote, rural locations and during long transportations from these locations to 

processing facilities).  Results of a cross-sectional study are highly generalizable as they are based on a 

sample of the population, and so are practical choices for questions that have been understudied or where 

the identification of association is enough to spur necessary discussion and direct attention. This study 

question is one with biological plausibility yet little scientific attention and important public health and 

policy implications (as it deals with balancing one health consequence, malaria, against another health 

consequence, reproductive defects), and so a cross-sectional study is a quick and cheap way to raise 

attention to the potential implications of our current actions (Aschengrau and Seage 2003). Given these 

benefits and the aforementioned drawbacks of other study designs, it is understandable that all studies 

published on this topic were cross-sectional.  

A major weakness of cross-sectional studies is that they are prone to spurious correlations. They 

are only looking at a section of time and exposure, and may not take into account the entire history of 

exposure to both the agent of interest and other potential causes for disease. Cross-sectional studies, 

therefore, are better for identifying an association or correlation, rather than a solid causality. While this is 
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a weakness, for this study question it is appropriate to simply be identifying an association, as the exact 

causality between DDT and endocrine disruption outcomes has already been established and we are 

focusing on the unique source of exposure. Still, it is important for the researchers to identify and address 

characteristics of the study population that could be confounding variables in the association. As 

highlighted below, this was done in most of our studies by first limiting the participants based on 

inclusion and exclusion criteria that addressed some of the confounders, and then by analyzing the results 

along with results of questionnaires filled out by study participants regarding known confounding 

variables. Another weakness is that cross-sectional studies do not clearly define whether exposure or 

disease came first, which again limits the ability to claim causality. Researchers have addressed this by 

including in the questionnaires and study design background exposure histories, so that the exposure 

measures reflect both present and past exposure.  
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 The goal of any epidemiological study “is to determine the relationship between an exposure and 

disease with validity and precision using a minimum of resources” (Aschengrau and Seage 2003). 

Understandably, not all studies meet these lofty goals with the same amount of integrity. In order to 

assess whether a study’s results do or do not support causality between the exposure and outcome, one 

must first conclude that the investigator’s chosen study design, implementation, and analysis has internal 

validity. Internal validity is a result of elimination of biases, confounding, and random errors.  

 In epidemiology, bias refers to an error within the design or implementation of a study that result 

in false association, or a false extent of association, between the exposure and the outcome. Bias can 

occur because of either “ignorance or unavoidable decisions made during the course of a study” 

(Aschengrau and Seage 2003). Selection bias can happen when choosing the study participants, while 

information bias can happen when collecting data from the participants. Confounding, a unique type of 

bias, occurs when a third variable that plays a role between exposure and disease exists, yet is not 

addressed by the study. Finally, random errors are unique from the systematic errors of bias and 

confounding, which result from a discernable process, in that they “arise from an unforeseeable and 

unpredictable process” (Aschengrau and Seage 2003). Random error can result from measurement errors, 

such as miscalculating incidence of disease in a country based on the incidence in a small subset of the 

population, or from sampling variability, which would result, by chance, in a study population that does 

not statistically represent the greater population.   

 Confounding biases are present in each of the five identified studies. However, the investigators 

address them through either their population sampling or analysis methods. In three of the five studies, a 

questionnaire was administered to potential study participants to determine their level of exposure to 
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potential confounders, and excluded potential participants who responded in certain ways. The two 

studies focused on the outcome of sperm quality (Aneck-Hahn et al. 2007, De Jager et al. 2006) asked 

about confounders such as history of testicular trauma, urinary tract infections, STDs, or known exposure 

to gonadotoxins. The study looking at outcome of birth defects (Longnecker et al. 2007) asked about the 

mother’s prescription seizure disorder drug use, urinary tract infections, or pregnancy-related diabetes or 

hypertension in the study.  

In the remaining two studies (Bornman et al. 2009, Dalvie et al. 2004), investigators similarly 

used questionnaires to collect information on the potential confounders, but did not exclude participants. 

Instead, they used statistical analysis to determine whether these variables showed a significant difference 

between those with positive outcomes versus negative outcomes. Bornman et al. found that maternal 

smoking and alcohol use were “not sufficient in frequency to be a confounder.” While they did not ask 

about paternal habits, the authors say that “other studies have shown that men from these villages seldom 

smoke or drink alcohol. Therefore, paternal smoking and drinking alcohol can probably be dismissed as 

risk factors for UGBDs in this population” (2009). Authors did find that the mother’s occupation served 

as a confounder: “Being a homemaker instead of being employed in any other activity significantly 

increased the risk of having a baby with a UDBD by 41%.” (Bornman et al. 2009). This confounding bias 

pushes the results of the general study question towards the null hypothesis (mother’s exposure to DDT as 

assessed by living in a home that was sprayed does not result in increased level of UGBDs), and so 

actually supports further the found association between exposure and outcome. However, they 

acknowledge that unstudied confounding variables could be biasing their results: “It is possible that some 

other unknown factor that differed between people in sprayed and unsprayed villages could account for 

some of the associations seen.” (Bornman et al. 2009). In the Dalvie et al. publication, the authors note 

that univariate and multivariate regression analysis included variables of “age, abstinence from sex, the 

presence of structural or pathological abnormalities, and fever in the last two months for semen 

parameters, age for number of pregnancies, and age and schooling for outcomes on sexual dysfunction” 

(2004). They also examined variables of self-reported diabetes, heart problems, back problems, sexual 

problems, smoking, and alcohol.  

 Despite attempts to control and adjust for confounding, residual confounding may still exist. 

Researchers might not have collected information on certain key variables, for example, in the Dalvie et 

al. 2004 and Bornman et al. 2009 articles, the authors did not investigate alternative sources of insecticide 

exposure, other environmental stressors, or genetic variables that might have an association with the 

observed outcome.  

 In understanding the confounding biases present in these studies, one can see another potentially 

serious bias that all five studies include: recall bias. “Recall bias occurs when there is a differential level 



! )*!

of accuracy in the information provided by compared groups” (Aschengrau and Seage 2003). Because all 

five studies used questionnaires that drew on the study participants ability to recollect different events in 

their past, there is the potential for participants to mis-remember. Participants who knowingly suffer from 

the negative outcome of interest may over-exaggerate or over-report exposures to suspected causal agents 

or have a better memory of specific events, compared to participants who do not suffer from the negative 

outcome and therefore found no reason to remember. Or, a participant might be tempted to answer a 

certain way based on the question simply being asked under the context of the study and a desire to 

“help” researchers find a result. If the recall issue equally affects both the diseased and non-diseased 

groups, the bias will shift the numerical effect seen in each group, however the difference between groups 

(and therefore the measured effect of the exposure) should remain the same. However, if the recall is bias 

in affecting just one of the groups, the bias will result in a push towards or away from the null hypothesis.  

 The three studies that eliminate confounders by excluding participants (Aneck-Hahn et al. 2007, 

De Jager et al. 2006, Longnecker et al. 2007) have some level of recall selection bias as study participants 

might actually have a history of some of the confounders but not report so in their questionnaire answers. 

In the two studies that adjust for confounders during analysis (Bornman et al. 2009, Dalvie et al. 2004), 

there might similarly be recall bias for the confounders that make the adjustments less valid. This would 

be an information bias. Both the selection and information recall biases should be equal among the 

disease and non-disease outcome groups (non-differential bias), as participants are blinded to whether 

they have the desired outcome at the time that they report. In the three seminal parameters studies, the 

participants are unaware of whether they exhibit the outcome of interest due to the nature of the outcome. 

In the two newborn UGBD studies, the mothers fill out the questionnaire before they learn the status of 

their newborn.  

Recall bias is also possible in the exposure assessment of all the studies, as most studies include 

exposure measures in their questionnaire. However, they adjust for this by supporting the questionnaire 

response in one of two ways: records of village spray status from the local or regional malaria control 

program (Bornman et al. 2009), or measuring DDT metabolites in blood or semen samples (Longnecker 

et al. 2007).  Measuring exposure based on recall and campaign records provides only an “exposed or 

unexposed” categorization. There is potential for misclassification bias in situations where someone who 

is supposedly “unexposed” actually did have an exposure, through spending time at the sprayed home of a 

relative or friend, or at a place of employment. Bornman et al. attempt to adjust for this by looking at 

employment outside of the residence as a potential confounding variable, however this does not fully 

account for other sources of exposure. This misclassification bias is excluded from some of the studies by 

measuring blood levels of DDT metabolites as a record of exposure (Aneck-Hahn et al. 2007, Dalvie et al. 

2004, De Jager et al. 2006, Longnecker et al. 2007), though this measure does not directly reveal where 



! )"!

that exposure comes from. Similarly, many of the confounding variables like “exposure to gonadotoxins” 

that are assessed based on the questionnaire can have misclassification bias (Aneck-Hahn et al. 2007, 

Dalvie et al. 2004, De Jager et al. 2006). These types of bias would push towards the null hypothesis.   

Finally, random error is possible. This non-systematic type of error results in a false association 

due to measurement errors of sampling variability. Bornman et al. briefly address the possibility of 

random sampling variability error:  

“In this study, hypospadias occurred in 5.2% of newborns boys from this area, 

irrespective whether the mothers were living in sprayed and unsprayed villages, and 

hypospadias was not significantly associated with DDT exposure. However, the overall 

presence of hypospadias was higher than what is expected in ‘normal’ male newborns 

(=1 in 250, 0.4%)” (Bornman et al. 2009). 

 

The other studies do not provide comparisons of the demographics of their study population to that of an 

outside population, and so it is possible that similar sampling variability errors exist in these studies as 

well. Additionally, measurement errors can be identified based on the precision within the study. Dalvie 

reports standard error levels greater than the mean, and due to this lack of precision writes that “While the 

semen quality in the study was less than normal, no strong evidence for a DDT effect was found.” (Dalvie 

et al. 2004). De Jager (2006) and Aneck-Hahn (2007) express a similar lack of precision, but conclude 

that there is an effect seen due to DDT exposure.  

 Table 9 summarizes the biases discussed in the five studies. Overall, each study has some level of 

confounding due to the nature of cross-sectional studies, and despite the action taken by the investigators 

through selection or analysis methods, we cannot eliminate the possibility of additional confounding 

variables affecting outcome. Recall bias also affects all the studies, whether through assessing the 

confounding variables or the exposure, but it is non-differential. Attempts to cross-check recalled 

information on exposure are helpful, but result in a loss of connection to the source of exposure. 

Misclassification is possible at many stages as a result of confounding and recall biases. Finally, random 

error is evident in four of the five studies. The number of different biases in each study is high, and this 

leaves open the possibility that the results of the study are misleading associations. However, the potential 

biases are minor and largely non-differential. Due to the biases, the exact numbers for measure of effect 

determined by the studies might not be precise, and most likely if other investigators attempted to repeat 

the studies in similar populations, they would report a different level of effect.  
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The overall trends and suggested associations that these studies report should not be dismissed 

because the biases are small, inherent to the study design type, and are in general addressed by the authors 

in some way. Considering the evidence in all five studies, one can conclude that the exposure of  



! )#!

(*86,"d>"N$*%,%";),%,13"!2)-%%"@F$+,H$-6-K$2*6"M3<+$,%"

 

!M(4=R";!#!5@(@#M" (R;@"OP"N0!M/"AOZ"0M"0("!==#@MM@="NR"(A@"M(4=Rb"

0$:(/! +:$.+-#!

!

,#0:'$! .+)*+:)(&)1! ,#.%''! -&0.'%00&*&.%$&+)!

,%)(+-!

#,,+,!

T)#.SB

d%5)!QZZ^!

,#(:.#(!

0#-&)%'!

6%,%-#$#,07!

*#,$&'&$/!

!

!

=kA!
0#'#.$&+)!

#;.':0&+)!

#'&-&)%$#0!

K9!.+)*+:)(#,0!

%((,#00#(!3/!

C:#0$&+))%&,#!Be!

!)+)B(&**#,#)$&%'!

0#'#.$&+)!3&%0!

K9!#'&-&)%$#!#;6+0#(7!:)#;6+0#(!

-&0.'%009!8&$5!3'++(!$#0$!*+,!""I!

#;6+0:,#!Be!(+#0!)+$!#'&-&)%$#!

-&0.'%00&*&#(!0+:,.#!+*!#;6+0:,#!!!!!!!!!!!!!!!!!

Q9!J@EEDh_L!RDEW_TEE9!@`!

W@a`@Ua"L>!EITIUE!

-#%0:,#-#)$!

,%)(+-!#,,+,!

h+,)-%)!

QZZY!

UMh"!&)!

)#83+,)0!

!

!

!

!

=kA!
%)%'/0&0!$+!

.+)$,+'!

K9!.+)*+:)(#,0!

%((,#00#(!3/!

C:#0$&+))%&,#!Be!

)+)B(&**#,#)$&%'!

&)*+,-%$&+)!3&%0!!

Q9!#;6+0:,#!%00#00#(!

3/!C:#0$&+))%&,#!BBe!

2#,&*/!8&$5!2&''%1#!

06,%/!,#.+,(0!

J@EEDh_L!
0%-6'&)1!

#,,+,!6+00&3'#!

"#!l%1#,!

QZZ[!

,#(:.#(!

0#-&)%'!

6%,%-#$#,07!

*#,$&'&$/!

!

!

!

=kA!

0#'#.$&+)!

#;.':0&+)!

#'&-&)%$#0!

.+)*+:)(#,0!

%((,#00#(!3/!

C:#0$&+))%&,#!Be!!

)+)B(&**#,#)$&%'!

0#'#.$&+)!3&%0!

K9!#'&-&)%$#!#;6+0#(7!:)#;6+0#(!

-&0.'%009!8&$5!3'++(!$#0$!*+,!""I!

#;6+0:,#!Be!(+#0!)+$!#'&-&)%$#!

-&0.'%00&*&#(!0+:,.#!+*!#;6+0:,#!!!!!!!!!!!!!!!!!

Q9!J@EEDh_L!RDEW_TEE9!@`!

W@a`@Ua"L>!EITIUE!

-#%0:,#-#)$!

,%)(+-!#,,+,!

_+)1)#.S#,!

QZZ^!

UMh"!&)!

)#83+,)0!

!

!

!

Z! 0#'#.$&+)!

#;.':0&+)!

#'&-&)%$#0!

K9!.+)*+:)(#,0!

%((,#00#(!3/!

C:#0$&+))%&,#!Be!

)+)B(&**#,#)$&%'!

0#'#.$&+)!3&%0!!!!

Q9!#;6+0:,#!%00#00#(!

3/!C:#0$&+))%&,#!Be!

2#,&*/!8&$5!3'++(!

$#0$!

K9!#'&-&)%$#!#;6+0#(7!:)#;6+0#(!

-&0.'%009!8&$5!3'++(!$#0$!*+,!""I!

#;6+0:,#!Be!(+#0!)+$!#'&-&)%$#!

-&0.'%00&*&#(!0+:,.#!+*!#;6+0:,#!

!!

"%'2&#!QZZX!

,#(:.#(!

0#-&)%'!

6%,%-#$#,07!

*#,$&'&$/!

!

!

=kA! %)%'/0&0!$+!

.+)$,+'!

K9!.+)*+:)(#,0!

%((,#00#(!3/!

C:#0$&+))%&,#!Be!

)+)B(&**#,#)$&%'!

&)*+,-%$&+)!3&%0!

K9!#'&-&)%$#!#;6+0#(7!:)#;6+0#(!

-&0.'%009!8&$5!3'++(!$#0$!*+,!""I!

#;6+0:,#!Be!(+#0!)+$!#'&-&)%$#!

-&0.'%00&*&#(!0+:,.#!+*!#;6+0:,#!!!!!!!!!!!!!!!!!

Q9!J@EEDh_L!RDEW_TEE9!@`!

W@a`@Ua"L>!EITIUE!

-#%0:,#-#)$!

,%)(+-!#,,+,!

&

interest— DDT through the source of indoor residual spraying for malaria control purposes—does have a 

positive causal relationship with negative reproductive outcomes in males, though the magnitude of the 

association is unclear. The studies collectively show that the association between exposure and outcome 

meets at least five of the eight applicable Bradshaw Hill criteria, which are suggested guidelines to assess 

the evidence for causality—and no criterion was rejected (See Table 10). These studies have provided a 

baseline of intriguing evidence suggesting that DDT, a known endocrine disrupting compound, has 

potential to cause serious health effects even at the previously assumed safe low levels of use seen in 
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malaria control. There is a need for more studies on this exact exposure source related to these outcomes, 

covering a wider percentage of the populations who are at risk.  
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*      “Although Hill stated that specific associations enabled investigators to draw conclusions about causation 

without hesitation, he also acknowledged that the lack of specificity did not necessarily leave investigators ‘sitting 

irresolutely on the fence.’ In fact, most practicing epidemiologists consider this guideline useless because it has so 

many well-known exceptions.” (Aschengrau and Seage 2003).  
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The goal of this section was to gain information about the effectiveness of IRS (indoor residual 

spraying) at reducing one health risk—malaria—and the potential unintended health risks associated with 

their use—such as skin irritations, headaches, endocrine disruption, cancer, and birth defects—through 

evaluating the opinions and perceptions of researchers, decision makers, and policy implementers. As 

seen through Chapters 2 and 3 of this manuscript, there are gaps in available data regarding the 

effectiveness of IRS programs, as published trials and epidemiological studies show a wide range of 

outcomes and are inconclusive about why a program results in high success in one community and less 

success in another. Additionally, there is a wide range of data regarding the chemical nature of 

insecticides and the potential for these insecticides to have negative effects on human health, particularly 

in agricultural settings. However, few studies have been published exploring whether the use of these 

chemicals for vector control warrants concern. Regardless of this missing information, we are currently 

moving ahead in the continent-wide scale-up of indoor residual spraying of insecticides with the goals of 

improving public health. This study therefore asked stakeholders who work in various roles of malaria 

control their opinions regarding the following questions: 

1. Exactly how effective is IRS at reducing malaria prevalence under certain situations? 

2. What factors contribute to the variations we see in how successful IRS is at reducing 

malaria prevalence across different communities? 

3. How does IRS compare to ITNs (insecticide treated nets)?  

4. Are the people making decisions regarding insecticides for vector control aware of 

the side effects insecticide can have on human health? 

5. What amount of risk do these people associate with the insecticides when used for 

vector control, and how does this compare to the risk associated with contracting 

malaria?  

6. How do stakeholders compare and balance the effectiveness of insecticides at 

reducing malaria with the risk they associate with exposure to these insecticides? 
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! An interview protocol was developed which combined techniques of expert elicitation and general 

survey methods. Expert Elicitation (EE) is a type of research method aimed at gaining information on 

topics that are not highly researched, poorly understood, or include a high amount of uncertainty. The 

process uses a series of targeted yet open-ended questions designed to extract both the opinion of the 

respondent and the reasoning behind their opinion. The EE protocol was designed following the 
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guidelines and recommendations outlined in peer-reviewed published EEs (Cooke et al. 2007, Knol et al. 

2009, Risbey and Kandlikar 2007, Roman et al. 2008, Manning 2006) and grey literature such as a Duke 

University Master’s Degree project (Beerbohm 2007). Personal communication with Dr. Richard 

Anderson, a past Duke University professor who specializes in environmental risk decision analysis and 

is currently working in the Environmental Sustainability Division of the Pacific Northwest National 

Laboratory, and Dr. Randy Kramer, primary investigator on the Malaria Decision Analysis Support Tool 

(MDAST) project at Duke University and professor of survey technique classes.   

 The protocol was pre-tested with a member of the MDAST research group, who had enough 

scientific knowledge of malaria control to be considered equivalent to the target respondents. Upon 

arrival in Tanzania, the protocol was pre-tested with a member of the Tanzanian National Institute for 

Medical Research (NIMR). Adjustments were made to wording and presentation of the protocol 

following each pre-test. The final EE protocol had two main sections.  

 Section I was an open-response section where respondent were asked to think about the statistical 

impact that implementation of ITNs or IRS interventions would have on the malaria prevalence of a 

community. The interview protocol began with a discussion of a simple diagram created to illustrate some 

of the variables impacting malaria prevalence in a community. This diagram is shown in Figure 4. Then, 

the respondents were presented with a series of hypothetical situations where a specific intervention was 

introduced in a community, and asked to predict the result of that intervention. Respondents were asked to 

estimate a percent reduction in malaria prevalence and explain why they felt this would be the result. 

They were also given a chance to explain what variables or factors might make it difficult to predict the 

result or generalize the result amongst several communities in each situation. 

  Section II had two parts. In the first part, respondents were asked to share their level of knowledge 

on the health consequences of insecticide exposure, and then were presented with some information on 

the topic. In the second part, the respondents were asked to fill out a short multiple choice questionnaire. 

The questionnaire was aimed at understanding the respondents’ perceptions of the risks associated with 

insecticides used for malaria control as just discussed. Respondents were presented with a series of 

hypothetical insecticide exposure and health outcome scenarios for children under age 15. They were 

asked to rank the likelihood of the outcome resulting from the exposure presented, followed by the 

severity level of that outcome, were it to occur. Using the equation of risk = likelihood X severity, a risk 

matrix was created to determine the risk level of each event based on the respondents’ answers. Risk 

matrices have long been used in a variety of applications, including highway construction project 

management, terrorism threat levels, airport operations, and climate change predictions (Cox 2008).  

Different agencies and organizations have standards for the size and categorization of their risk 

matrices—for example, in 1993 the Department of Defense established a standard 4x5 matrix for 
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assessing hazard in order to determine course of action (MIL-STD 882C)—however there is no standard 

risk matrix for assessing public health risks or environmental health risks from chemical exposures (Cox 

2008). For this project, Likelihood levels were based on a breakdown of probabilities, influenced by a 

number of sources including the IPCC’s recommended table for dealing with uncertainty in climate 

change (IPCC Fourth Assessment Report 2007) and the published EE’s previously mentioned (Cooke et 

al. 2007, Beerbohm 2007, Knol et al. 2009, Risbey and Kandlikar 2007, Roman et al. 2008, Manning 

2006). Severity categories were based on a breakdown of health and wellbeing endpoints. Severity 

categories were defined using two different standards depending on the situation. Acute outcomes were 

assigned levels using definitions based on ratings of acute pain, whereas chronic outcomes were assessed 

using definitions influenced by quality-of-life standards often used for terminally ill patients and elderly 

(i.e., NIH 2007, Burckhardt and Anderson 2003). The full interview protocol, including personal guide 

pages for the open-ended sections, are included in Appendix A.  

Respondents were chosen because the organization they worked for is known to have a role in 

malaria control decision-making, malaria research, or malaria control project implementation in Tanzania, 

or the person was suggested by another respondent as having the “expertise” necessary to participate. 
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Respondents represented a range or backgrounds, including private and public sector, local and 

international organizations, non-profit, for-profit, and research institutions. Respondents were contacted 

through a variety of methods, including phone calls, emails, formal invitation letters, and visits to their 

office. Respondents were given a description of the project, and after they agreed to participate, 

appointments were scheduled for the interviews. Interviews lasted 30 to 60 minutes depending on the 

amount of respondent elaboration during the open-ended sections. All respondents were initially 

presented with the same questions on IRS, ITNs, and health side effects, however they were allowed to 

omit or decline answering any questions if they felt unable to answer, given the focus of their expertise.  

 Interviews were conducted in person from June 30-July 30, 2010. The open-ended section of each 

interview was primarily recorded using an audio recorder, with verbal permission of the respondent. 

Audio recordings were transcribed electronically word-for-word as soon after the interview as possible. In 

situations when the respondent declined consent to an audio recording, hand-written notes were taken 

during the interview and transcribed into an electronic document later that day. NVivo QSR 9.0 software 

was used to analyze trends among the qualitative respondent responses. Deductive coding methods were 

used to set up a list of themes or “nodes” of interest based on the target goals of each question. Through 

inductive coding, additional nodes of interest that arose through the process of transcribing and coding the 

responses were added (Richards 2005).  

Results from the written survey section were recorded using Excel (Microsoft Office 2007), and 

responses were manually assigned risk levels according to the risk matrix shown in Figure 5.  In a few 

cases, the respondent did not provide a single likelihood and severity response that resulted in a solid risk 

level but rather provided just a likelihood or just severity, or provided a range of likelihoods or severities.  

In these cases, professional judgement was used to conservatively assign the most common risk 

level possible with that likelihood or severity, or omitted the respondent’s answer as invalid. For example,  

  SEVERITY 

  4 3 2 1 

LIKELIHOOD   catastrophic critical marginal negligible 

A very probable  high high medium-high medium 

B probable high medium-high medium low-medium 

C occasional medium-high medium-high medium low-medium 

D possible medium-high medium low-medium low 

E remote medium medium low-medium low 

F not probable low-medium low-medium low low 
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if a respondent provided a likelihood of “A”, very probable, but no severity, two of the four options are 

“high” and so a risk level of high would be conservatively assigned. If a respondent provided a likelihood 

of “D”, possible, but no severity, the options were one each of medium-high, medium, low-medium, and 

low. This respondent’s answer would be omitted, as the range of potential risks covered four levels and 

no risk level was more common than another.   

Next, trends among the risk level responses for each situation were analyzed through creation of 

spreadsheets containing only specific sections of questionnaire responses and tallying of responses for 

each sheet. The following eight spreadsheets were organized:  

1. individual respondent’s answer to each question 

2. individual questions answered by each respondents 

3. acute health impacts for IRS using ICON, on a short-term use time scale 

compared to a long-term use time scale 

4. acute health impacts for IRS using DDT, on a short-term use time scale 

compared to a long-term use time scale  

5. acute health impacts for ITNs, on a short-term use time scale compared 

to a long-term use time scale 

6. acute health impacts on a short-term use time scale for ITNs compared to 

IRS with ICON and IRS with DDT 

7. acute health impacts on a long-term use time scale for ITNs compared to 

IRS with ICON and IRS with DDT 

8. chronic health impacts on a long-term use time scale for ITNs compared 

to IRS with ICON and IRS with DDT 

 

For each category, the assigned risk levels by each respondent were tallied to determine the most 

frequently assigned risk level for that category, which provided a consensus risk level for that category. In 

situations where the assigned risk levels were spread across a range with no outstanding majority risk 

level, a consensus rating of risk was qualitatively determined based on the distribution of risk levels 

assigned in each question. Results were then graphed using Excel.  

 

6"3$402+5'2."

A total of 19 interviews were conducted in Dar es Salaam from June 30 to July 30, 2010. Of these 

interviews, ten were complete, with respondents answering all questions regarding benefits of ITNs and 

IRS, and health risks associated with ITNs and IRS. Three respondents chose to only answer questions 

about ITNs and omit questions regarding IRS, however they answered both the benefits and risk 

questions for ITNs. Three respondents answered questions regarding the benefits of ITNs and IRS (Part 

I), but chose to omit the questions on risk (Part II). Finally, four respondents declined answering any of 

the specific protocol questions, including the written survey of Part II, but rather looked at the protocol 

and spoke freely about their opinions on what they considered to be the important topics. Respondents 

represented the following organizations: 
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Public Sector: Tanzania Ministry of Health and Social Welfare Branches: 8 respondents 

Tanzania National Institute for Medical Research (NIMR) 

Tanzania National Malaria Control Program (NMCP) 

Tanzania Center for Enhancing Effectiveness of Malaria Interventions (CEEMI)  

City Council: Dar es Salaam Regional Medical Officer (RMO) 

 

 Public Sector: International Agencies with Tanzanian Offices: 2 respondents 

  US Agency for International Development (USAID) 

  United Nations Children’s Fund (UNICEF) 

 

Private Sector: Local and International NGOs: 9 respondents 

Population Services International (PSI) 

Tanzania Marketing and Communications Company (T-MARK) 

Ifakara Health Institute (IHI) 

  Muhimbili University of Health and Allied Sciences (MUHAS) 

  African Medical and Research Foundation (AMREF) 

  African Malaria Network Trust (AMANET)  

Syngenta Chemical Manufacturers* 

Integrated Vector Control Consortium* 
 

* indicates a phone interview rather than face-to-face interview. Stakeholder was not specific to 

Tanzania, but rather held a vested interest in vector control.  

 

In total, pieces of qualitative information, hereafter referred to as “references”, from individual 

interview respondents were organized into 35 nodes, spanning three broad categories. Five of these 35 

nodes were branched to include subnodes. Table 11 shows the breakdown of nodes, how many 

respondents provided a reference for each node, and how many total references occurred within each 

node. The “general” category of nodes represent topics that were either prompted by the prevalence 

influences diagram or were discussed by the respondent while answering a different question elsewhere in 

the protocol process. While questions were not designed to specifically address the general topics, the 

respondents felt it was necessary to explain some aspect of these topics in order to provide a full answer 

to the question that was asked. Each respondent chose to highlight a unique set of general nodes. 

Conversely, the “situations” and “health” categories represent nodes that were explicitly targeted by the 

questions in the protocol. As Table 11 illustrates, not all targeted nodes were picked up on and addressed 

by every respondent. The content and implication of this node breakdown is explored in the Discussion.  

The graphs in Figures 6, 7, 8, and 9 display the results of the written survey responses for risk levels. The 

graphs display risk levels in two forms:  the absolute number of responses per prevention method (ITNs, 

IRS with ICON, or IRS with DDT) per risk category (low to high), and the percentage of total responses 

per risk category for each prevention method. Figure 8 describes the respondents’ perceptions of risk level 

for four acutely negative health symptoms associated with insecticide use, occurring within three days of 

a child’s first-time using an insecticidal prevention method: 
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1. headaches and/or dizziness  

2. eye, skin, and/or respiratory irritation 

3. gastrointestinal discomfort (i.e. nausea and upset stomach) 

4. muscle weakness and/or general fatigue 

Figure 9 describes the respondents’ perceptions of risk level for the same four health symptoms, but 

occurring in a situation where the insecticidal prevention method is either used by the child continuously 

(as with ITNs) or applied in the child’s home on a regular basis (with IRS) over a two-year time period. In 

all situations described by Figures 6 and 7, the number of respondents was highest with ITNs (13 or 14 

respondents per symptom), decreased for IRS using ICON (11 respondents per symptom), and was lowest 

 

(*86,"EE/"7-+$1K"N),*&+-]1".-)"OF,1'@1+,+"013,)?$,]"#,%F-1%,%"

Y@L@#!Q" %-<)2,%" ),.,),12,%" M0(4!(0OLM" %-<)2,%" ),.,),12,%" A@!Q(A" %-<)2,%" ),.,),12,%"

K9!%..#00!$+!

5#%'$5.%,#!

Y! KQ! K9!^Zf!6,#2!YZf!

)#$!:0#!

K^! Q[! K9!%)#.(+$%'!,&0S!

$+!D>E!

Y! KO!

Q9!%)#.(+$%'!

#2&(#).#!

KN! QN! Q9!NZf!6,#2!YZf!

)#$!:0#!

KK! KO! Q9!%)#.(+$%'!

0%*#$/!$+!D>E!

O! [!

N9!.+--:)&$/!,+'#! KK! KX! N9!DIa0!$+!8+-#)7!

.5&'(,#)!+)'/!

KO! QK! N9!S)+8'#(1#!+*!

.5#-&0$,/7!

$+;&.+'+1/!

]! KQ!

X9!(,:1!,#0&0$%).#! ]! KK! X9!*%.$+,0!%**#.$&)1!

DIa!#**#.$&2#)#00!

[! KZ! X9!#)2&,+)-#)$%'!

,&0S0!

^! KZ!

O9!#.+)+-&.07!

*&)%).#0!

^! KZ! X9%9!!!5:-%)!

3#5%2&+,!

KQ! QZ! O9!#;6+0:,#!

,#'%$#0!$+!0%*#$/!

Y! KZ!

O9%9!!!6+2#,$/! KK! K^! X939!!!-+0C:&$+!

#)$+-+'+1/!

[! Y! [9!*+,!+,!%1%&)0$!

""IH!

! !

O939!!!5:-%)!

,#0+:,.#0!

[! ]! X9.9!!!)#$!C:%'&$/!

%)(!:0%1#!

KQ! K]! [9%9!!!*+,!:0#!+*!

""I!

N! [!

[9!#(:.%$&+)! KK! QY! X9(9!!!-%'%,&%!

6,#2%'#).#!

]! KQ! [939!!!%1%&)0$!:0#!

+*!""I!

Q! Q!

^9!#)2&,+)-#)$! KZ! QQ! O9!^Zf!6,#29!DW@a!

D>E!

K[! K]! [9.9!!!:).#,$%&)! K! K!

]9!&)$#1,%$#(!2#.$+,!

.+)$,+'!%66,+%.5#0!

KQ! K]! [9!NZf!6,#2!DW@a!

D>E!

X! O! ^9!'+)1!$#,-!

.5,+)&.!0&(#!

#**#.$0!

KZ! KQ!

Y9!&)$#,B(&0.&6'&)%,/!

)%$:,#!+*!.+)$,+'!

N! O! ^9!^Zf!6,#2!""I!

D>E!

N! X! ]9!05+,$!$#,-!

%.:$#!0&(#!#**#.$0!

KZ! KN!

KZ9!0.&#).#B3%0#(!

6+'&./!7!%.$&+)0!

]! KK! ]9!*%.$+,0!%**#.$&)1!

D>E!#**#.$&2#)#00!

Q! N! Y9!,&0S!$,%(#!+**! ]! K]!

KK9!85+!05+:'(!

-%)%1#!-%'%,&%H!

Q! N! ]9%9!!!5:-%)!

3#5%2&+,!

[! Y! KZ9!$5&)S!

&)0#.$&.&(#0!%,#!

a@I!0%*#!

K! K!

KK9%9!!!

.+--:)&$&#0!

O! O! ]939!!!-+0C:&$+!

#)$+-+'+1/!

(&**#,#).#0!

O! [! KK9!$5&)S!

&)0#.$&.&(#0!%,#!

0%*#!

Y! K[!

KK939!!!

&)$#,)%$&+)%'!12)$0!

7!%1#).&#0!

N! X! ]9.9!!!&-6,+6#,!

&-6'#-#)$%$&+)!

Y! KN! KQ9!$5&)S!

6,#.%:$&+)0!-%S#!

&$!0%*#!

^! KY!

KK9.9!!!)%$&+)%'!

1+2#,)-#)$!

]! KX! ]9(9!!!-%'%,&%!

6,#2%'#).#!

N! O! KN9!h+,)-%)!

,#06+)0#!

K[! QQ!

! ! ! Y9!DW@a!209!""I! Y! KK! ! ! !

! ! ! KZ9!D>E!%)(!DIa!

.+-3&)#(!

KO! QZ! ! ! !

!! !! !! KK9!D>E!209!DIa0! KQ! QK! !! ! !



! *"!

for IRS using DDT (nine or ten respondents per symptom). Figure 8 shows respondent’s perception of 

risk level for chronic health effects occurring in situations where the insecticidal prevention method is 

either used by a child every night (as with ITNs) or applied in the child’s home on a regular basis (with 

IRS), from the time the child was born until they are 10 years old.  There are six groups of chronic 

negative health conditions that were assessed: 

1. physical reproductive abnormalities (such as UGBDs) 

2. non-physical reproductive abnormalities (such as lowered sperm quality) 

3. non-reproductive physical abnormalities (such as teratogenicity)  

4. poor neurological function and/or low memory capabilities 

5. decreased cognitive development  

6. weakened immune system 

 

As with Figures 6 and 7, in each of these six hypothetical situations, the number of respondents was 

highest for ITNs (11 to 14 respondents), followed by IRS using ICON (nine or 10 respondents) and 

finally IRS using DDT (six to nine respondents).  

 Across all three sets of questions, the graphs illustrate that the consensus among respondents is a 

low to low-medium level of risk for negative health outcomes. For acute health effects in situations of a 

one-time use of a prevention method (Figure 6), the combination of low and low-medium risk make up at 

least 60% of responses in every situation, and reaches 80% or greater in nine out of the 12 situations. 

With continued use of the insecticide intervention (Figure 7), the combination of low and low-medium 

risk accounts for at least 70% of the responses in every situation, and is over 80% in 10 of the 12 

situations. High risk is only indicated in two situations for one-time use (eye, skin, and/or respiratory 

irritations from IRS with both ICON and DDT, 1 respondent each—see Figure 6B), and once from 

continued use of IRS with DDT (muscle weakness and/or body fatigue--see Figure 7D). In the chronic 

health effects situations (Figure 8), the combination of low and low-medium risk accounts for at least 

70% of responses in every situation, and is at least 85% of all responses in 16 of the 18 situations.  

When looking at the acute effects (Figures 6 and 7), four of the eight situations for ITNs are 

100% low or low-medium risk (one out of the four are from the one-time use category—Figure 6D—and 

the other three are from the continued use category—Figure 7B, C, D).  Medium risk is indicated by only 

one or two respondents (15% or less) in the remaining four situations. In only one situation is “medium-

high” indicated, by only one respondent (eye, skin, and/or respiratory irritations occurring with one-time 

use of an ITN- Figure 6B). The response of “high” is never given for ITNs. Similarly, in the chronic 

health effect situations, four of the six situations are 100% low and low-medium responses (Figure 8B, C, 

D, E). In the remaining two situations, on respondent provided a risk level of medium, for physical 

reproductive abnormalities (Figure 8A), and one respondent provided a risk level of high for weakened 

immune system (Figure 8F).  



! *#!

With IRS using ICON, only one of the eight acute effects situations are 100% low to low-medium 

risk responses (Figure 6D). Medium risk is indicated by one respondent in one situation (Figure 6C) and 

two respondents in two situations (Figures 6B and 7A). Medium-high risk is indicated by one respondent 

in six of the eight situations (Figures 6A, B, C and 7A, C, D) and two respondents in one situation (Figure 

7B). One respondent indicated a high risk level for eye, skin, and/or respiratory irritation occurring with 

the first-time use of IRS with ICON (Figure 6B). In the chronic health effects situations, no situation is 

completely low to low-medium risk responses. Out of six situations, there are three where one respondent 

indicated a medium risk (Figure 8B, D, and E), two where one respondent indicated a medium-high risk 

(Figures 8A, C) and one where one respondent indicated a high risk (Figure 8F).  

For IRS using DDT, none of the eight acute effects situations are 100% low or low-medium risk 

responses. Medium risk levels are indicated by at least one respondent in six situations (Figures 6A, C, D 

and 7B, C, D), and two respondents in two situations (Figures 6B and 7A). Medium-high risk is indicated 

by one respondent in six situations (Figures 6A, C, D and 7A, B, D). Finally, high risk is indicated by one 

respondent in two of the eight situations (Figure 6B and 7D). In the chronic health effect situations, again 

no situation is completely low and low-medium risk. Medium risk is indicated by one respondent in one 

situation (Figure 8A), and medium-high risk is indicated by one respondent in all six of the situations 

(Figure 8A-F). High risk is indicated by one respondent in one situation (Figure 8F).   

For comparison, figure 9 shows risk levels that the respondents associate with different secondary 

health outcomes or negative clinical symptoms that may occur as a result of malaria. Low risk is only 

indicated with three of these outcomes (twice by one respondent, and once by two respondents). The 

combination of low and/or low-medium risk accounts for 10% (1 respondent) to about 55% (7 

respondents) depending on the situation, but is 30% or less in five of the seven outcome situations. The 

combination of high and medium-high risk levels account for at least 25% of all responses in all seven 

outcome situations, and is greater than 55% in three situations.   
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Sixteen respondents provided comments regarding the benefit of IRS using ICON in a high-

prevalence community. Eight were from the private sector, two from the public international sector, and 

six from the public Tanzanian sector. Of the 16, 15 expressed views that a properly implemented IRS 

program, that targeted at least 85% of homes in a community every six months for two years would see a 

significant reduction in malaria prevalence. The 16th respondent stated that there was not enough 

scientific data available to provide an informed estimate. Ten respondents provided quantifiable 

predictions of effect. These 10 respondents did not represent a biased sector classification, but rather 

represented half the respondents for each of the three sectors (one international public [50%], four 

Tanzanian public [50%], and five private [56%]). One respondent felt there would be a small reduction in 

prevalence, approximately 10%, stating that the movement of people between communities would hinder 

the ability of IRS to have a greater impact in a single community. One respondent provided a range of 25-

50% reduction in prevalence. The remaining eight provided estimates greater than 50% (four >75%). One 

respondent felt that a 100% reduction, or full eradication, was possible in that community. An additional 

respondent, who shied from providing a percentage reduction estimate or to use the word “eradication”, 
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stated that the presented situation would result in “a great effect … It’s like a two year window that does 

not have a malaria case, whether you have a net or you don’t have a net.” Those who did not provide an 

estimate felt overwhelmingly positive that there would be a “definite” reduction in prevalence, and that 

the reduction would be “significant”, “dramatic”, “sharp” and “quick”. 

 Additionally, four of the 16 respondents commented on how initial malaria prevalence influences 

the expected reduction after an IRS intervention. However, opinions were mixed. One respondent felt that 

the relative reduction would be the same regardless of the starting prevalence, but also noted the 

distinction between prevalence of malaria and rate of transmission:  

“So let’s say we are talking of 70% malaria prevalence. Then how much mosquito 

transmission should be there? Now those two things are not proportional. So you may 

reduce the mosquito population density by 90 percent and be left with only 10, but that 

could be adequate to maintain a high malaria morbidity/mortality.”   

 

Another respondent felt that when malaria prevalence was lower, the community was more susceptible to 

severe outbreaks and noticeable increases in malaria morbidity because they are less immune. Therefore, 

the impact of IRS might not be as noticeably effective as in a community with a higher starting 

prevalence. Finally, one respondent noted that there would always be a residual level of malaria in 

situations where only IRS is used:  

“even in places where you really aggressively promote the net and you have people 

going around making sure people really do use them, there is a residual level of malaria 

that resists. You can reduce malaria in excess of 75% in the best cases, but we don’t 

ever see it going to 100%. And so we don’t think that any one tool gets you to 

elimination. You need to get multiple interventions at once.”  

 

Eight of the 16 respondents also commented on the difference between IRS with ICON and IRS 

with DDT. One additional respondent, who did not comment specifically on the impact of IRS with 

ICON, also commented on the difference between ICON and DDT. Three respondents—one from each 

sector—stated that there would be no difference between a well-designed IRS intervention using ICON 

versus a well-designed IRS intervention using DDT. These respondents felt that the toxicity of the two 

different insecticides were of comparable effectiveness, which is effective enough to produce a high 

mosquito mortality. Five respondents (three from the Tanzanian public sector, one from international 

public, and one from private) felt that DDT would be a more effective choice for reducing malaria 

prevalence, either because the reduction would be greater (two respondents) or the operational cost of 

implementing an intervention would be lower, since spraying is less frequent (three respondents). Not 

only does this result in a greater cost-effectiveness, but expected coverage level is higher as the 

community would be more willing to agree to having their home sprayed repeatedly, because intrusion to 

the home happens only once per year rather than twice or more.  Two of the respondents felt that DDT 
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was no different from ICON on a purely toxicological basis, though they noted that the DDT is more cost 

effective than ICON. The final respondent noted that there is no need to even question whether DDT 

should be used. They felt that ICON is currently the best available choice. Until pyrethroids become 

ineffective due to insecticide resistance, there is no need to consider DDT, which has known 

environmental risks.  
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 Seventeen respondents provided comments regarding the benefit of ITNs in a high-prevalence 

community, with 15 of those respondents also commenting on how the benefit of ITNs is influenced by 

initial malaria prevalence. Two were from the public international sector, eight from the public Tanzanian 

sector, and seven from the private sector. Out of these 17 respondents, 15 were able to estimate a percent 

reduction in malaria prevalence when at least 90% of the community uses an insecticide treated net. The 

overwhelming response was that a 50% decrease was possible (nine respondents—one international 

public sector [50%], four Tanzanian public sector [50%], and four private sector [50%]), though a 20% to 

40% decrease was typical (five respondents, one international public sector [50%], three Tanzanian public 

sector [38%], and one private sector [12.5%]).  

“It is really you know the bednets as interventions have also a lot of these dependable 

variables and sometimes it’s really hard to achieve a bigger drop because it has to work 

for every day every environment. So it will reduce but you won’t manage I wouldn’t 

say more than a 50% drop and in some parts even less and lesser drop, you could end 

up with 30% drop. 30 to 40. It can be very hard.”  

 

Two respondents felt a decrease greater than 50% was possible, stating a 60% and 80% potential 

reduction. The two remaining respondents did not supply quantifiable prevalence decrease estimates, but 

did agree that the effect would be a “significant” reduction.  

 When starting prevalence is lower, seven respondents (one international public sector, one private 

sector, and five Tanzanian public sector) agreed that the impact would be lower, around 10% to 30% 

maximum decrease (two respondents, one Tanzanian public sector and one private sector). The reason 

given for this, however, does not lie within the technology but rather is due to the lower acceptance rate 

that is expected within a community.  

“Speaking from the practical point of view, the community usually views nets to 

prevent mosquito nuisance not to reduce malaria. So in an area where you have a 

prevalence of 70%, hypothetically, there would be a lot of mosquitoes running around 

so people are trying to protect themselves during the nighttime from mosquitoes, a 

physical barrier. So that again is a second benefit that the prevalence would be low. But 

in our situation like when you have a starting prevalence like around 30%, probably … 

few mosquitoes. So people just assume well when I don’t see them, there’s only one or 

two of them, there’s no need to tuck the net into the bed while they are sleeping … The 
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low prevalence would be behavior-wise maybe not so much [of a decrease due to 

nets].”  

 

Seven respondents supported this sentiment, stating that the expected result in a low prevalence 

community would be the same as when the prevalence was high, given that there was the same high net 

usage rate of 90%. Two respondents (both private sector) felt oppositely, stating opinions that in lower 

prevalence areas, the use of nets has potential to cause greater reductions in malaria rates than in higher 

starting prevalence areas, because the lower transmission rates allows for easier interruption. These 

opinions are assuming—as the prompt question stated—that the usage rate of nets is equally high in both 

situations.  

 The general trend from these responses is that IRS is capable of a malaria prevalence reduction 

greater than 50%, whereas ITNs have potential to reach a 50% prevalence decrease only in the most 

controlled situations. While these situational questions did not ask any respondent to directly compare 

ITNs and IRS, there were 12 interview respondents who did. Five respondents (one international public 

sector, one Tanzanian public sector, and three private sector) felt that, from a technological standpoint, 

neither method is better. The differences, rather, result from variations in the communities in which the 

intervention is to take place—either social differences in intervention preferences, entomological or 

epidemiological differences, or environmental differences which would result in a community more 

suited towards one intervention style than another.   

“I think the technologies are pretty evenly matched when they’re done right and 

implemented in an effective way, but different societies act very differently to the 

technologies. So we need both of those technologies and we need a way to ask the 

community what it is it wants. Which is something that is rarely done.”   

 

“I think for me, the bottom line is that both the interventions work. Could you really 

say one is better than the other?? Ahhh, I’m not so sure … there are so many different 

factors involved and I think this kind of relates to one of your questions. It’s more than 

the equation of coverage and prevalence in terms of the level of impact. Which is 

trouble for an epidemiologist or a statistician.”  

 

Three respondents (one public Tanzanian sector, two private sector) noted that the choice between IRS 

and ITNs should be made based on entomological and epidemiological differences. They felt that IRS is 

more suitable in areas where malaria transmission is high and epidemic, whereas ITNs are best in 

communities with low or endemic malaria. Four respondents felt that IRS was always a better choice 

because it actually kills the mosquitoes, rather than just preventing contact (two respondents, one 

Tanzanian public sector and one private sector), because it results in a faster, more drastic effect (one 

respondent, private sector), or because it’s a solution with less individual responsibility (two respondents, 

one Tanzanian public sector and one private sector).  
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“I think the root cause of malaria is the area where the malaria is actually generated. 

And with this answer [IRS] you clear malaria because you go to the root of malaria. 

Mosquito nets is just a prevention. But you have not killed the mosquito and the answer 

is for me I would rather do that than just distribute nets while the mosquitoes continue 

to be generated.”  
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Whether respondents were able to quantify the impact of insecticide interventions or just 

generally commented on the possibility of reductions in prevalence, all respondents agreed that the 

difficulty in predicting a generalizable effect lay in the significant impacts of outside variables. Ten 

respondents commented specifically on which variables contribute to the difficulty in predicting the 

impact of an IRS intervention in an “average” but undefined community (out of 17 respondents who had 

the potential to discuss this, as they discussed IRS), whereas 16 commented on which variables contribute 

to the difficulty in predicting the impact of an ITN intervention (out of 19 potential respondents). Overall, 

human behavior was cited as the most common reason any preventative malaria control method would 

show a variety of responses across communities—five respondents cited human behavior as a factor with 

IRS, and 11 cited it as a factor with ITNs.  In IRS interventions, human behavior referred mainly to the 

potential movement of people in and out of the community (3 respondents), as well as an unwillingness to 

accept IRS spraying in homes, thereby resulting in lower coverage levels than desired (3 respondents).   

“You spray but people still move from one place to another. … If it’s just a controlled 

community no one is allowed to move from one place to another, that’s fine, that one 

could be quite effective. But I look at it from the local context. If it’s just an open 

community, today I’m here, next day I’m in Arusha, next in Mwanza. And so just as 

there is no control of those movements, the spray doesn’t help a lot. Well it could help, 

but it won’t set like a huge impact simply because people still move from one place to 

another.”  

 

“So people might be worried about safety of their walls, others about the privacy of 

taking things outside the house, allowing somebody to go into the level of the bedroom. 

In our culture that’s, ehh, I don’t know about your culture but yea (laugh). So that would 

be a factor.”  

 

With ITN interventions, human behavior also referred to movement of people, but on a much 

smaller scale—literally movement from under their net to outside their net. Respondents noted the huge 

vulnerability of people who are outdoors in the evening and early morning, when mosquitoes are most 

active, because they are socializing (four respondents), working as animal herders, fishermen, or guards 

(two respondents), or various other reasons (cooking, fetching water, taking advantage of the cool 

evening hours during warm winter) (three respondents).  

“These people are sleeping under the bednet only for a limited period of time while 

you’re sleeping. So what about the time that they are out of the bednet, you know the 
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whole time and even in the night before they go to bed? … A normal community which 

is socializing and interacting with neighboring communities I mean they’ll be moving 

out and moving in and moving out.”   

 

Another important variable was the quality of the intervention itself, and it’s relation to coverage 

level of the community—while the intervention may target a specific percentage of the community, that 

target coverage may not be fully realized. This was cited by 13 respondents for ITNs, and nine for IRS. 

With IRS, improper implementation of spray programs was the biggest concern (all 9 respondents). This 

includes improper spray techniques (such as uneven wall coverage, wrong amount of product), not a 

frequent enough schedule for spraying, spraying at the wrong time of year, or choosing an ineffective 

insecticide. Many respondents felt that the consistently high level of time, money, and human resources 

that is necessary to ensure a proper IRS campaign is not equally met across all communities and is hard to 

maintain over long time frames, and therefore the effectiveness of IRS is difficult to generalize.  

“IRS is a military type of organization. Needs a lot of discipline. Lots of 

implementation programming, lots of money. It’s a finance-based intervention. The 

other thing is, it needs a lot of planning. The human resource to do that work, and 

therefore sustainability is a major issue.”  

 

In the case of ITNs, individuals may resist using the net every night for a variety of reasons even 

though they may tell an official who is monitoring the intervention that they are using the net (nine 

respondents), or they could be using a net that is ripped, too old, or otherwise ineffective (five 

respondents).  

“All the variability that we can see arises from either the distribution not actually 

working properly so they don’t have as many nets in place as they think they have, or 

people are not actually using them. It’s just sat under the bed because people don’t like 

them because they’re hot and sweaty.”  

 

“The problem we have with the net products is you are never sure like 100% whether 

what is written, because partly that’s the business. The person is saying there’s this 

long lasting net and it can stay for five years and it kills mosquitoes by you know so 

and so. But you see, sometimes you might not reach that 75% [max reduction] because 

of the quality of the net itself. And instead of three, four years you get two years and 

the net is torn out completely. Then your expectation [of protection and prevalence 

reduction] would definitely go down.”  

 

“Because somebody they can be in possession of a net but not sleep under it. But now 

here what the basic assumption is that everyone is sleeping under the net.”   

 

Finally, for both IRS and ITNs, factors of entomology and mosquito behavior can vary between 

communities, which may result in variations in effectiveness of the intervention. Four respondents 

commented on this in IRS, noting vector resistance to the insecticide or mosquito behaviors like wall 

resting time and outdoor versus indoor feeding and resting as playing a role. Five respondents commented 
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on this in ITNs, noting likewise vector resistance and behavior differences like preferred biting times, as 

well as the location of breeding sites compared to homes, water sources and other places of social 

gathering within the community and changes in the mosquitoes’ biting times.  
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 Five respondents expressed an anecdotal feeling of safety with IRS, claiming that they have not 

seen or heard stories of any negative human health side effects during their experiences working with 

malaria control and living in malaria-endemic regions. Three of these respondents noted that they have 

read publications or heard talk that negative side effects are possible, but felt there was not substantial 

evidence to support these claims or any cases which they have directly encountered. Likewise, nine 

respondents, six of whom had not also commented anecdotally, stated that insecticides were safe (six 

respondents, one public international sector, two Tanzanian public sector, and three private sector) or 

non-dangerous.  

“There is no immediate danger of the side effects of insecticides. Just, as you say, 

speculations… there is no substantial evidence to associate that is how it is.”  

 

“I don’t think that just because something is an insecticide means it is going to be 

dangerous.”  

 

“We have read all these mixed stories about DDT as I’m sure you have. But, the new 

ones, I would say they are pretty safe. They have been all studied and ah, at least they 

are safe enough to be useful.”  

 

Conversely, several respondents provided commentary that illustrated hints of uncertainty 

regarding the safety of insecticides, including synthetic pyrethroids. Fifteen respondents provided 

anecdotal evidence of health risks associated with IRS—six whom had just provided statements claiming 

insecticides are safe. Nine respondents expressed knowledge of skin irritations and allergic reactions, 

seven noted cancer and reproductive defects, and four spoke generally about the potential for adverse 

effects. Of the seven references to potential for cancer or reproductive defects, five were specific to DDT. 

Seven respondents felt that while insecticides may not be inherently safe, precautions are taken to 

make sure IRS is safe. These precautions included the choice of insecticide type and formulation, proper 

implementation and waste disposal, and training of workers. 

“if IRS is done appropriately with the correct safety equipment, and everything is 

disposed of effectively, and people have sufficient checks in place to make sure 

insecticides aren’t misappropriated and taken for agriculture, then I don’t see any 

problems with it.”   
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Additionally, seven respondents noted the environmental risks associated with insecticide use, mainly 

DDT. Concerns centered on contamination of water and therefore fish (three respondents) and agriculture, 

whether accidental through environmental transport or through misappropriation along the black market 

(five respondents).  
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 As described in Chapter 3, to label a chemical safe or unsafe involves understanding both 

chemical properties and the level of exposure. With most non-cancerous endpoints, the tenants of 

toxicology and risk assessment assume that there is a threshold exposure level, wherein less-than-

threshold exposures will not produce significant, noticeable effects. Nine respondents provided 

commentary on how exposure level relates to the safety of IRS and insecticides, out of a potential 13 who 

discussed human health risks and chemical safety. Seven respondents commented on the low level of 

exposure in IRS situations makes the risks of the insecticide minor or non-existent (one international 

public sector [50%], four Tanzanian public sector [50%], and two private sector [25%]).  

“As it is, DDT is a poison we know that, and it kills and all that. But at the end of the 

day the amount of DDT that is sprayed, I don’t know if {translational word choices: 

respondent implying she doubted} it causes that long term effect.”  

 

“The dosage used during the prevention period is a very low dosage which it has no 

major serious side effects. We can suppose maybe minor minor [effects].”  

 

Two respondents made the same point, that the low exposure level is key to the safety of IRS, through 

arguing the opposite direction—anything is dangerous at high enough doses.  

 

“Even drinking water can be too much. Too much of anything becomes harmful. So 

what about the other side effects from drinking too much coca cola? Eating too much? 

It’s just the extent of it which matters I suppose.”  

 

“To me, it’s a question of exposure. How long has this person been exposed? I know 

that for most of these chemicals they have side effects. I don’t know of a single 

chemical that doesn’t have side effects.”   
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Eight respondents directly acknowledged the occurrence of a risk trade-off between the risk of 

malaria and the risk of negative side effects from insecticide exposure. Three of these respondents had 

also commented on how exposure level relates to safety. Of the eight respondents, five stated that the 

benefits of using insecticides to control malaria outweigh the risks.  

“…but the side effects is not [much], you can justify the effectiveness and the control 

of malaria”  
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“You have to balance that [the risk of negative side effects from insecticide exposure] 

with the risk of catching malaria …. Given the long-term effects of malaria, I know 

what I would choose!”  

 

“But when you look at it as the positive side of things, the benefits of using these 

insecticides, you see that outweighs the side effects. … Side effects are there, anything 

has its own side effects. But the issue is the side effect is a function of the extent of that 

intervention. I have not seen any intervention they say it is side-effect free. Any 

intervention has its side effects. The issue is to what extent the benefit will outweigh 

the side effects.”  

 

The three remaining respondents did not state where they feel the balance lies, but rather commented on 

the ethical deliberations involved in determining whether to avoid a risk in the present through actions 

which create a risk in the future.  

“But when you have the mortality and the morbidity so high, then you also have to talk 

about whether we serve the lives of the people today. Or we wait and focus on the 

environmental concerns? And that’s more of a moral question. It’s a tricky question, 

yes.”  

 

“So these are ethical questions that have to be carefully interpreted … those debates 

will go on after all in this world what is safe, hmm? … But with the knowledge that we 

have, something must be done, you cannot do something indiscriminately.”  

 

“So it is a debate that, unless we get something safer: would you allow people to die 

today, in numbers, because you are afraid of using something that can protect them?”  

 

Finally, two respondents noted the possibility that this risk-risk situation might have an entirely different 

solution. Rather than accepting the malaria risk or lowering malaria though accepting insecticide risks, 

could there be a third option?  

“I don’t know of a single chemical that doesn’t have side effects. But it’s just a matter 

of are they minimum, severe, or…minor or severe? So and then there is a question of 

where you weigh the benefits against the effects. … and then it will be do we have 

another alternative apart from using chemicals? If we combine other strategies can we 

achieve the same, or at least near to the same, and avoid the effects?”  
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 When interviewees were presented with information from the Bornman publication (2009) 

discussed in detail in Chapter 3 Part I and Appendix B, 15 chose to respond. All but one of these 

respondents were skeptical of the study results, providing criticism to explain why they felt the study was 

invalid. This criticism was directed towards the choice of a cross-sectional study design lacking proper 

controls or a historical perspective (six respondents, three Tanzanian public sector and three private 
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sector) or a concern that all potential confounding variables were not fully addressed (five respondents, 

two international public sector, three private sector).  

“I would like to know the whole method that came, the approach there. But how have 

they ruled out other confounders? I would raise some stupid questions. Did they look 

about how many of the parents of these kids had McDonalds and how many had not? I 

wouldn’t take this as the gospel truth.”  

 

“I’m not trying to be critical of these ones [Bornman and colleagues] but the defect of a 

newborn baby could be the function of so many other factors. … If they were to verify 

the correlation with a span of maybe 10 years would have been more ideal for this 

conclusion so that we minimize the side effects and we maximize the benefits of what 

we do.”  

 

The one respondent who did not fully dismiss the results of the study was still critical of the study 

design choice, but noted that the authors were limited as this is one of the first studies in the field.  

“Better designed studies come up usually when you have these sort of I would say like 

observation studies. When you have these possible associations from observational 

studies, then it sets a foundation for a better design study that can pull off, to see if that 

association is real and if it’s real, whether there is a causal relationship or not and really 

manage all the confounders. So I think there will be lots of questions in order to say 

that loud and strong.”  

 

 Additionally, five respondents, including three of whom had noted concerns with the study 

design, expressed concern that results from studies such as the Bornman publication (2009) could be 

misinterpreted and misused by the public, who would not know how to be critical of the limitations of the 

study.  

“I would hazard against drawing such a difficult and harsh conclusion which could 

have a massive impact on the health of an entire population … And I think that this 

type of science is quite dangerous because I am aware of the impacts this has had, and 

people are saying we don’t want DDT. Last time this happened they withdrew DDT 

from South Africa, and they had a massive spike, a massive epidemic of malaria. So, 

people who do bad science should think very hard before they publish it.”  
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Overall, the number or respondents to the risk questions decreased was highest for ITNs and 

lowest for IRS with DDT.  Though sample size is low (a set of 14 total questions for each of the three 

malaria prevention methods), the difference in mean number of respondents to a question per method is 

significant1. This trend indicates that respondents were most confident in their knowledge and ability to 

assign a risk level to the use of ITNs, and less comfortable, and therefore unwilling to do so, with IRS—

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1 Statistical analysis using R showed a mean of 13.07 respondents for ITNs, 10.43 for IRS with ICON, and 8.714 for IRS with DDT. T-tests 

showed that these were all different with statistical significance greater than 0.001.  
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especially IRS using DDT. Similarly, the number of respondents decreased from the acute questions 

(Figures 6 and 7) to the chronic questions (Figure 8), both overall and in each of the three prevention 

categories2. While sample size is low, the statistically significant differences in number of responses 

indicates a general lower level of comfort in thinking about the chronic outcomes compared to the acute 

outcomes.  

The low sample size for each question makes it difficult to perform statistical analysis on any 

question or group of questions. However, it is clear from the figures that the respondents overwhelmingly 

felt that risks for all negative health outcomes, either acute or chronic, were relatively low. This indicates 

a confidence that the negative consequences from insecticide exposure through the use of ITNs, IRS with 

ICON, or IRS with DDT are unlikely and non-severe. Comparatively, the outcomes associated with 

malaria provoked responses much higher in the risk matrix.  
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Nineteen stakeholders in Tanzania, representing a diverse range of organizations involved in 

malaria prevention and control, collectively came to the following conclusions. First, IRS is more 

effective than ITNs. A properly implemented IRS campaign can be expected to reduce malaria prevalence 

by 50-75%, whereas an ITN campaign would likely reduce disease by 20 to 50%. However, this does not 

mean that IRS should be used instead of ITNs in all situations, as there are a number of social and 

economic factors that need to be considered. For example, IRS is more expensive than ITNs and could be 

less accepted within communities due to the invasiveness of an IRS campaign and concerns over 

exposure to chemicals. Environmental concerns and potential risks associated with insecticide exposure 

are also drawbacks to IRS campaigns; however, these risks are not high enough to negate the benefits. 

Given this, IRS should be considered for use in communities with high malaria rates or epidemic malaria 

outbreaks, whereas ITNs may be more suitable for regions with constant yet low malaria transmission. 

However, the best interventions would incorporate a variety of approaches, including IRS, ITNs, 

behavioral change communication, and prompt and effective treatment methods. These interventions 

would be flexible and amendable as additional scientific studies reveal more sound data on the human 

health risks of different insecticides. 

When considering different options for malaria prevention interventions, a decision maker must 

think about the predicted efficacy of the prevention method as well as any unintended consequences that 

might arise from the prevention intervention in order to determine if that option is suited for the 

community of interest. There is little scientific information available to inform the predictions of decision 
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makers or other stakeholders. Through an on-the-ground exposure to the problem, decision makers 

formulate perceptions of the reality of the situation. They combine knowledge from these experiences 

with any scientifically-proven information they are aware of to predict outcomes of different intervention 

options. They then use these predictions to influence malaria control actions and drive malaria control 

policies. Understanding the perceptions of stakeholders is incredibly important in order to assess the 

validity of the actions being taken and direct future research.  
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Opinion is ultimately determined by feelings, and not by the intellect. 

– Herbert Spencer, psychologist and ecologist who coined the term “Survival of the Fittest” 
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A goal of toxicology is to characterize the risk associated with a chemical exposure or behavior, 

through an understanding of the negative health effects. With risk assessment, those health effects are 

looked at in the context of reasonable estimates of exposure levels. This results in an understanding of the 

hazard, but also the level of risk. However, when it is time to translate the science into action through risk 

management, the decision must incorporate both risks and benefits. Decision makers are often 

uninformed or overwhelmed by the scientific risk data, yet well-informed and knowledgeable on the 

societal and economic benefits. They can be aware of the uncertainties, yet unable to rationalize 

scientifically what these uncertainties say about the integrity of the science. Additionally decision makers 

can be poorly guided towards decisions, as scientists shy away from stepping into the political realm. In 

this atmosphere, policies are not driven adequately by science, but rather are overwhelmingly influenced 

by short-term pressures from businesses, economics, and social perceptions.  
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Risk has been defined as “a socially constructed and culturally mediated concept that is used to 

give meaning to things, forces, or circumstances that pose danger to people or what they value” (Callahan 

and Sexton 2007). While risk is inherently qualitative, it is quantitative risk assessment that forms the 

working paradigm and informs national and international government risk policies. The current paradigm 

was laid forth in the U.S. National Research Council 1983 report entitled “Risk Assessment in the Federal 

Government: Managing the Process”, colloquially known as The Red Book (NRC 1983). This document 

provided information on scientific principles to be used in assessing environmental risk and laid out a 

framework for a risk assessment process. However, it is best known for “popularizing the distinction 

between risk assessment and risk management and raising the issue of how best to keep these functions 

separate, yet coordinated” (NRC 1996).  

The Red Book defined risk assessment as “the characterization of adverse health effects of human 

exposures to environmental hazards” (NRC 1983). While the Red Book emphasizes numerical results, it 
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also states that “our broader definition includes quantification, but also includes qualitative expressions of 

risk” (NRC 1983). Quantitative expressions of risk are not always possible to apply, however, analysis of 

“economic and social implications of regulatory decisions” is part of risk management. It is risk 

management, and not risk assessment, when regulatory agencies or other decision makers evaluate 

alternative actions and comparative risks to select the best course of action.  

A conventional risk assessment process, as laid out by the Red Book, includes steps of hazard 

identification, dose-response assessment, exposure assessment, and risk characterization (NRC 1983). 

The first three stages are purely scientific, aimed at identifying the type and amount of potential hazard 

associated with a chemical, product, or action, through toxicity testing, exposure measurements, and 

scientific predictive modelling. In the final stage, risk assessors attempt to summarize and translate their 

technical results from the previous three stages in a way that the decision maker can then incorporate into 

risk management. The risk assessors describe the nature and magnitude of human risk expected to result 

from an environmentally relevant magnitude of exposure. They then provide a calculated reference doses 

scientifically determined to be the maximum “safe” exposure level, and explain any uncertainties they 

have or assumptions they made during the process. The risk manager then incorporates economic, social, 

cultural and other factors into an action-oriented decision. Figure 10 shows a schematic representation of 

the risk assessment-risk management paradigm, as designed by the EPA Office of Research and 

Development based on the Red Book’s guidelines (EPA 2011).  

In 1996, the NRC was called upon to address a critical problem in risk assessment and risk 

management: the breakdown of the paradigm at the risk characterization stage (NRC 1996).  The NRC 

concluded that this was occurring for several reasons. First, the techniques of risk analysis are inadequate 

for addressing the full scope of the problem. The techniques can portray the technicalities of the problem 

in a way that can sway a decision maker towards a certain opinion. Consideration of risk associated with 

using insecticides for malaria control illustrates this problem. Physical-chemical property and 

toxicological data analysis for the insecticides (as described in Chapter 3) provide information on 

negative impacts such as toxicity and persistence, without highlighting how these same properties can 

also confer positive attributes of the chemicals. For example, high acute toxicity can also imply that the 

insecticide will be effective at killing mosquitoes that transmit disease. Descriptions of modes of action 

can seem very sinister, reinforcing the fact that the insecticide interferes with normal biological 

functioning. However, the mode of action can also imply how toxicity is targeted in ways that might 

result in less severe impacts to mammals compared to insects, a consideration which is often left out of 

the risk assessment process. By presenting the characteristics of chemicals with a negative connotation, 

the technicalities are portrayed in a way that can sway a decision maker towards a negative opinion, 

regardless of the final conclusions of the scientist on whether those negative consequences are unlikely or 
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probable given the environmentally relevant exposure levels.  

The second reason for failure of the risk assessment-risk management paradigm is that the 

explanation of uncertainty in risk assessment makes the final decisions of the assessor appear uncertain as 

well, and so the decision maker can see incentive to let other factors, like economics or public 

perceptions, take precedent over the risk characterization (NRC 1996). Epidemiological research on 

negative health outcomes associated with IRS exposure is limited for DDT, and non-existent for lambda-

cyhalothrin. The data for DDT is limited to cross-sectional study techniques, which present many 

uncertainties (as described in Chapter 3). Though it is necessary to understand the limitations of the data 

in order to conservatively inform actions and drive future research, focussing on these limitations also 

serves to discredit the findings of the studies to the risk managers—as illustrated by the responses of 

stakeholders to the Bornman study, described in Chapter 4. Similarly to the analysis of toxicological data, 

a critical analysis of the study merits from an epidemiological standpoint illustrates many characteristics 

with negative connotations to the decision manager, despite the fact that these characteristics are 

determined to have little to no consequences for the implications of the study findings from a scientific 

standpoint (see Table 10 in Chapter 3).  

The third, and perhaps most important, reason for the failure of the current paradigm is that the 

basic notion of risk characterization, as laid out by the Red Book and subsequently developed by federal 

agencies who used the Red Book as guidance, is flawed (NRC 1996). Risk characterization is viewed as a 

translation or summary, rather than a statement of scientific advisory for informed decision guidance. As 
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a result, the way that it relates to the overall process of understanding and managing risk is misconceived. 

As the 1996 NRC states,  

“Risk characterization should be a decision-driven activity, directed towards informing 

choices and solving problems. The view of risk characterization as a translation or 

summary is seriously deficient. What is needed for successful characterization of risk 

must be considered at the very beginning of the process of developing decision-relevant 

understanding.” (NRC 1996) 

 

As a result, the NRC called for a reframing of the risk characterization process of the risk assessment-risk 

management paradigm. While acknowledging that the conceptual distinction of scientific risk assessment 

from action-oriented risk management was valuable in protecting scientific inquiry from political and 

economic pressures and biases, the NRC concluded that the “rigid distinction” between assessment and 

management hindered improved decision making in the way which the formalized framework was 

intended (NRC 1996). They suggested expanding the risk characterization step to include consideration of 

“relevant losses, harms, or consequences to the interested and affected parties…alternative sets of 

assumptions that may lead to divergent estimates of risk…social, economic, ecological, and ethical 

outcomes…[and] perspectives of the spectrum of decision participants.” (NRC 1996). If one were to 

consider just the data provided in Chapter 3 of this manuscript, which describes potential negative 

consequences associated with exposure to lambda-cyhalothrin and DDT from a strictly toxicological 

perspective, the conclusion might be that the use of these insecticides results in a high potential for 

adverse effects, and therefore is a risk not worth taking. However, by stepping outside of this 

toxicological perspective and investigating even just one aspect of benefits (the reduction of malaria), the 

risk of negative health outcomes is at least partially justified.   
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 In order to understand how to fix the connection between risk assessment and risk management, 

we must consider what factors contributed to the failure under the current system. John D. Graham and 

Jonathan Baert Wiener, in their book “Risk vs. Risk: Tradeoffs in Protecting Health and the 

Environment” (1995), academically introduced the concept of risk tradeoffs and the unique problems they 

present to risk assessment and risk management under the conventional paradigm. In situations of risk 

tradeoffs, decision makers take action towards one risk and as a result, either knowingly or inadvertently 

increase a countervailing risk or decrease a coincident risk. Countervailing risks reduce the benefits and 

overall value of the original risk-aversion action, and in some situations even negate the benefits. 

Conversely, coincident risks can increase the value of the original action. The debate over use of 

insecticides to control malaria is a classic example of a risk tradeoff. When a decision maker sets policy 

to use insecticides, they are decreasing the risk of malaria in that community (as shown by Chapter 2). 
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However, at the same time, they are introducing a countervailing risk of negative health outcomes from 

exposure to insecticides (as shown by Chapter 3). This countervailing risk reduces the overall benefits of 

IRS in that community. However, from the simple analysis in this manuscript, it is impossible to 

determine if the countervailing risk completely negates the value of reducing malaria. As seen by the 

meta-analysis of Chapter 2 and the views of stakeholders expressed in Chapter 4, there are a number of 

situational variables that play a role in changing the quantified value of benefits through reduction of 

malaria prevalence, and those variables are not well characterized. Additionally, this analysis did not take 

into account the full range of benefits, such as economic value added from a healthier workforce or 

quality of life benefits due to a reduction of nuisance mosquitoes—nor did it take into account the full 

range of potential countervailing risks, such as harmful effects towards wildlife. However, a risk manager 

would similarly be dealing with uncertainties and missing pieces of the full picture. With the information 

at hand, one can retrospectively evaluate whether those decisions were favorable or not, and can push 

towards development of better decisions in the future.  

 Graham and Weiner state that while risk tradeoffs are expected in the decision-making process, 

countervailing risks are not a necessary outcome: 

“Risk tradeoffs are a pervasive and fundamental problem of decision-making. In contexts 

from the care of a single patient to the care of the entire earth, striving to solve one 

problem often invokes other problems. Each intervention to protect against a target risk 

can simultaneously generate countervailing risks … We believe that risk tradeoffs are 

prevalent not because of an inescapable law of risk homeostasis, but because of 

systematic shortcomings in the ways in which decisions are considered and structured. 

Thus, our response is not to council inaction or deregulation in the face of risk, but to 

suggest ways to make risk-reduction decisions more intelligent and effective” (Graham 

and Weiner 1995).  

 

Given this viewpoint, one must ask why some decisions result in countervailing risks and therefore 

reduced or negated overall benefits, whereas others do not. Graham and Weiner acknowledge five reasons 

why “intervention failures”, or poor decisions, occur: omitted voice, heuristics, bounded oversight roles, 

new-old biases, and behavioral responses. The first three reasons relate to how the decision maker thinks 

about the information provided by the risk assessor. The final two reasons relate to how the public reacts 

to knowledge of a risk or a regulation that is meant to reduce a risk. In 2002, Cass Sustein, in his book 

“Risk and Reason: Safety, Law, and the Environment,” also discussed how people make decisions on risk 

and why these methods can leads to mistake judgements. Similar to Graham and Weiner’s five points, 

Sustein introduces four explanations. First, he agreed with Graham and Weiner that heuristics were 

important. Sustein also agreed with Graham and Weiner’s theory of new-old biases, though he refers to it 

as “loss aversion.” Finally, Sustein lumps pieces of omitted voice, bounded oversight role, and 

behavioural response concepts into a single category of social cascades. The fourth and final piece of 
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Sustein’s explanations of how we think of and act upon risk—and, therefore, how we make poor risk 

decisions—is the concept of “intuitive toxicology.” Understanding the concepts laid out by Graham and 

Weiner (1995) and Sustein (2002) as they apply to malaria control decisions can help determine if 

decisions to use IRS are being made with reasonable consideration of all risks and benefits, or whether the 

decisions are influenced by systematic shortcomings that lend towards overwhelming countervailing 

risks. 

Omitted voice refers to when parties influenced by the decision are not present in the decision 

making process, or are present but to a lesser extent than a competing party, and subsequently the 

decision is not in their favor.  In global health, the financial source of health services is incredibly 

influential toward determining which interventions are used (WHO Maximizing Positive Synergies 

Collaborative Group 2009). Many of the countries who suffer high malaria risks do not have the 

governmental funds necessary to implement control projects (Sachs and Malaney 2002). As a result, the 

actual malaria control decisions are heavily influenced by the international organizations rather than the 

national governments, based on which programs and initiatives they choose to financially support. These 

organizations include: large global health partnerships like the Global Fund, World Bank, the Global 

Alliance for Vaccines and Immunizations (GAVI), and Roll Back Malaria; private foundations like the 

Bill & Melinda Gates Foundation; non-profit organizations like Population Services International; and 

international governmental assistance programs like the US President’s Malaria Initiative (Ravishankar et 

al. 2009). This funding situation means that the individuals who are affected by the decision can 

potentially be underrepresented in the decision-making process. &

Heuristics is when the decision maker, overwhelmed by information that is difficult to understand 

and not always entirely relevant, makes prompt decisions based on what they think they understand and 

ignore other, more opaque factors. As Sustein writes, “people tend to think that events are more probable 

if they can recall an incident of their occurrence … highly publicized events are likely to lead people to be 

exceedingly fearful of statistically small risks” (Sustein 2002). Available heuristic influences public 

officials and risk managers as much as it does the general public, as vivid anecdotal examples make a 

more salient point than details of statistical analysis. For example, events like the explosion at Chernobyl 

or the nuclear meltdown at Three Mile Island paint a clear picture of what hazard exists with nuclear 

power generation. While we know statistically that the likelihood of a nuclear meltdown is low and 

therefore the risk is low, the general public is quick to view the risk as high based on their recollection of 

these dramatic events (Sustein 2002).  When considering negative health risks associated with exposure to 

IRS, heuristics can play an important role in influencing public opinions and therefore driving malaria 

control policies. For example, media attention surrounding hermaphroditic South African runner Castor 

Semenya and the publication of the Bornman et al. 2009 study (both described in Chapter 3) greatly 
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heightened stakeholders’ perceptions of the potential risks of low-dose insecticide exposure through IRS 

(Tren et al. 2010).  

Bounded oversight roles occur because bureaucratic systems tend to assign decision-making 

(“oversight”) to specific players regardless of the situation. As a result, the person with the power and 

responsibility to make a decision is not always the person who understands fully what the risk tradeoffs 

are. Bounded oversight is often coupled with heuristic decision-making and omitted voices. New-old bias 

or loss aversion is a resistance to change, either behaviourally or regulatory, which results in risk practices 

that are already occurring not being replaced by newer, less risky practices simply because the less risky 

practice is new. One stakeholder interviewed in the Expert Elicitations described in Chapter 4 expresses 

this sentiment by stating:  

So, we can’t recommend now that we have to use DDT while we have pyrethroids that 

are still effective … there is no point now to using DDT unless if we see resistance to 

pyrethroids then we can opt [to use DDT].  

!

Behavioral responses occur when the countervailing risk in a risk tradeoff is not always apparent when 

the risk-adverse action is decided upon, but rather, fills in to replace the risk that was reduced because 

people’s behavioural response to the risk reduction is to feel “safer” and therefore act more risky in other 

ways. For example, dividers to traffic directions on highways such as greenways are intended to reduce 

collisions, however many drivers respond to these designs by driving faster (Graham and Weiner 1995). 

Potentially, in communities where IRS is used to prevent malaria, individuals might begin behaving in 

riskier ways, such as staying outside later in the evening or not sleeping under a bednet. This would 

increase their interactions with mosquitoes and therefore could increase their risk of contracting malaria, 

despite the initial action of IRS intending to decrease malaria.  

 Sustein collectively refers to Graham and Weiner’s concepts of omitted voice, bounded 

oversight, and behavioral responses as social cascades. Simply put, some people will stand out and loudly 

voice opinions on a matter, others will follow suite, and many will remain silent and therefore unheard. 

While most people felt indifferent and the risks were not really high, a few, loud individuals expressed 

concern over safety and risks, thereby starting a social cascade demanding a certain type of risk 

management decision (Sustein 2002). Certainly, the epidemiological studies showing potential for 

negative reproductive health effects from exposure to DDT through IRS that were presented in Chapter 3 

represent the beginning of a social cascade, illustrated by the number of news articles and scientific 

journal letters to the editors that were published in recent months (i.e. Tren et al. 2010, Science Daily 

2009).  

 Sustein’s final explanations of how we think of and act upon risk—and, therefore, how we make 

poor risk decisions—is the concept of “intuitive toxicology.” While the non-scientific public can pay 
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attention to environmental health media coverage, there is still a large amount of baseline theory or 

advanced technological nuances that take scientific expertise to interpret. The general public, including 

many policy makers and decision makers, tends to believe in a type of “intuitive toxicology” whereby risk 

is an all-or-nothing topic, and that safe and dangerous are opposites. They believe that something natural 

is inherently safer than something man-made, and that it is possible—and in most cases even necessary—

to completely abolish any risk. Scientists and risk assessors, oppositely, understand that risk levels occur 

across a spectrum, that there is no true bottom line of “safe”, and that it is acceptable to have some level 

of risk present (Sustein 2002). The intuitive toxicology concept seems to imply that the bottom line 

problem hindering risk assessment’s translation into risk management is a lack of scientific understanding 

on the part of the decision maker.  The information of stakeholder perceptions presented in Chapter 4 

illustrate intuitive toxicology. However, due to the risk tradeoff nature of this problem, the stakeholders 

overwhelmingly feel that abolishing the risk of malaria is more important than abolishing a risk of 

negative health effects due to insecticide exposure. While safe and dangerous are viewed as opposites, the 

stakeholders choose to perceive insecticides as safe, and malaria as dangerous.  

 As the final steps of a conventional risk assessment, the scientist describes all uncertainties and 

assumptions that went into the risk assessment and scientific recommendation process. These 

uncertainties can be due to a lack of knowledge surrounding the subject (epistemic uncertainty), or due to 

the unpredictable variations expected when predicting outcomes in the natural world (aleotory 

uncertainty) (NRC 1996). The calculations of risk levels presented in a conventional risk characterization, 

such as reference doses or increased cancer risks, are meant to “foster conservative (protective) risk 

estimates”, and can seem disconnected from the data that was used to calculate them because there is no 

data point that validates the number (Callahan and Sexton 2007). However, if uncertainty is well 

understood, it should not be viewed by the risk manager as a weakness in the science. Risk assessment is 

a selective process, as the risk assessor’s knowledge—or any individual’s, for that matter—is always 

incomplete and contingent upon assumptions. Regardless of how certain the scientist (or individual) 

might be in the outcomes of their predictor models, there is still an inherent uncertainty involved in the 

concept of risk, as it is a factor of likelihood, which is a probability (Renn et al. 2011). These 

mathematical probabilities make the predictions of environmental events seem scientific, yet still 

uncertain: 

“Consider these three risks: a 1-in-100 chance of a river overflowing its levee in a given 

year with a given impact on life and property; a 1-in-10,000 chance of  a volcano 

erupting near the proposed waste repository at Yucca Mountain in the next 10,000 years, 

resulting in the release of a given quantity of radioactive material; and a 1-in-1,000,000 

chance of an individual contracting a fatal cancer over his or her lifetime due to a 

chemical exposure. Even if each of these probabilities of occurrence and impact were 

known with certainty, the precise realizations of the risk (e.g., when, where, to whom, 
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and how severe the actual harm) would still be random and thus inherently uncertain.” 

(NRC 1996) 

 

 For a risk manager, the inherent uncertainty of a risk prediction can be difficult to process, and depending 

on the stakes of the situation, may result in the risk manager placing less trust on the risk characterization 

recommendations, and more emphasis on the economic factors or social pressures in the situation. 
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 The conventional risk assessment-risk management paradigm, while useful in outlining the steps 

necessary to formally consider risks, results in a fragmentation of the process and a subsequent 

breakdown of reasoning at the risk management level. The scientist is restricted to considerations of only 

a single risk, regardless of social, economic, or cultural contexts, which results in a disconnect  from the 

situational context and therefore makes the scientific conclusions seem irrelevant to the risk manager 

(Callahan and Sexton 2007). As evident by this manuscript, systematic, analytical presentation of both 

benefits and risks concurrently provide a much different story for a risk manager to consider than simply 

the risks alone. A new paradigm is needed in which risk assessors and risk managers work together to 

determine the appropriate course of action, in a way that is “responsible, reflective, and pragmatically 

effective” (Graham and Weiner 1995). The recommendations from a risk assessor need to be clear on not 

just the scientific risk, but also the contextual benefits to reducing the risk and the potential countervailing 

risks that might result from the action. A holistic view is necessary from the beginning of the risk 

assessment process, in order to ensure that the risk recommendations of the risk characterization process 

are relevant to the risk manager. The process needs to be flexible and able to evolve as additional 

scientific knowledge on the subject advances and uncertainty diminishes. The analysis presented in this 

manuscript follow a non-conventional process of risk assessment, in which both benefits and risks are 

characterized. The risk tradeoff of using insecticides for malaria control is very complex. This manuscript 

presents just one aspect of benefit—reduction in malaria prevalence—and one aspect of risk—adverse 

human health effects. However, it is evident even with this simplification that the decision maker needs to 

consider data from a myriad of fields, including toxicology, biology, chemistry, economics, public health, 

ecology, and sociology.   

A new paradigm for risk assessment and risk management must be created, in which scientists, 

economists, sociologists, and communicators together to illuminate the full value of a single risk within a 

holistic risk tradeoff context, in order to better inform risk actions. The proposed new paradigm is 

illustrated by Figure 11. The main hindrance to this new model is the necessary communication between 

parties. 
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Communication of risk is a crucial piece to the success of any risk assessment-risk management 

paradigm.  Decision makers are often uninformed or overwhelmed by the scientific risk data, yet well- 

informed and knowledgeable on the societal and economic benefits. They can be aware of the 

uncertainties but unable to rationalize scientifically what these uncertainties mean to the integrity of the 

science. This in incredibly important in the risk tradeoff of insecticide use for malaria control, as 

information on the risks is highly controversial and poorly researched (as seen in Chapter 3). In this 

atmosphere, concepts like availability heuristics, new-old biases or loss aversion behaviors, intuitive 

toxicology, bounded oversight roles and omitted voices can easily take precedent  to the concepts of risk 

assessment science, resulting in policies that are driven not fully by science, but rather by the short-term 

social pressures for action. How scientists communicate risks is entirely more important than how certain 

we are in our assessment of risk, as risk is not necessarily a strictly scientific concept. As one risk 

scientist writes:  

Risks are not real phenomena but mental constructions resulting from how people 

perceive uncertain phenomena and how their interpretations and responses are 

determined by social, political, economic and cultural contexts, and judgments. At the 

same time, those mental constructions are informed by experience and knowledge about 

events and developments in the past that were connected with real consequences. The 
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introduction of risk as a social construct with real consequences is contingent on the 

presumption that human action can prevent harm in advance. Risk as a construct has 

major implications on how risk is considered. Risks are created and selected by human 

actors. What counts as a risk to someone may be a destiny explained by religion or even 

an opportunity for a third party.” (Renn et al. 2011).  

 

There is no fixed fulcrum on the balance of risks versus benefits, as everyone has a different 

personal tolerance for risk and a different conception of what is safe. Information from stakeholders 

presented in Chapter 4 clearly illustrates that opinions on the safety of insecticides, especially DDT, vary 

greatly from one person to the next, despite relatively equal levels of educational awareness on the topic. 

Likewise, the value of benefits differs based on personal opinions. In this analysis, only benefits of 

reduced malaria parasitemia were included. However, another risk assessor might consider how that 

reduction in parasitemia translates to economic or social benefits—which stakeholders were quick to 

identify.  

 In the world of risk communication, risk is not simply an equation of likelihood and severity, but 

rather includes a multiplier of outrage and emotion. There is a disconnect between risk judgements at the 

expert, scientific level, where emotional influence is minimal, and the public level, where emotional 

influence is higher (Skor 2011). When the benefits and risks are not certain, it is even harder to balance 

the scale. Emotions and personal opinions fill in the spaces that science has left open. Methods like 

decision analysis support tools and stakeholder meetings and training workshops are excellent ways to 

maintain open lines of communication, and allow for continued advancements and adjustments based on 

new information. As national governments, international global health partnerships, and private 

organizations continue to take action towards reducing malaria rates, scientists must work to ensure that 

decision makers are well informed about the risk tradeoff associated with insecticide use, understand the 

uncertainties inherent to the risks, and are making decisions based on holistic analysis of both short term 

benefits and long term risks. 
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Paper 1: Impaired Semen Quality Associated with Environmental DDT Exposure in Young Men 

Living in a Malaria Area in the Limpopo Province, South Africa (Aneck-Hahn et al. 2007) 

&
In this study, the defined population was healthy, non-occupationally exposed men from three 

villages in Limpopo Province, South Africa. Researchers held information sessions in the villages to 

recruit volunteers, who were given a questionnaire to assess whether they fit the inclusion criteria of age, 

health, and residency location. Participants accepted into the study had no history of testicular trauma, 

orchitis, urinary infection, sexually transmitted disease, use of hormonal medication, or known exposure 

to gonadotoxins, or neuropsychiatric disorders. All men accepted were between ages 18 to 40 years, and 

had been living in the communities for at least one year, and were not aware of any occupational exposure 

to DDT (ie, they did not work with DDT in farming or malaria control jobs).  

The exposure of interest was DDT due to malaria-control spraying activities. Study participants 

provided information through the questionnare on the sprayed status of their homes and on potential 

confounding variables like diet, fertility history, and potential spermatotoxic exposures like heat, 

radiation, physical trauma, STDs, urinary tract infections, and chemical pollutants including smoke and 

alcohol. Additionally, blood samples were collected from each participant and analyzed for 

concentrations of the DDT metabolite compounds p,p’-DDT and p,p’-DDE. As the outcome of interest 

was reduced semen quality, semen samples were obtained by each participant. Physical characteristics of 

the semen (viscosity, liquifaction, volume, pH) and biological characteristics (sperm motility, leukocytes 

presence) were analyzed. 

 

Paper 2: DDT and Urogenital Malformations in Newborn Boys in a Malarial Area (Bornman et al. 

2009) 

 

 The defined population was newborn boys in the Vhembe District Municipality of Limpopo 

Province, South Africa. During a two-year period of 2004-2006, there were 7146 babies born in 

Tshilindzini Hospital, the district hospital. Inclusion criteria used to narrow down this population were the 

sex of the child, birth mass, and the residency location of the mother. Of the 7146 newborns, 3310 fit the 

inclusion criteria.  

 The exposure of interest was in utero exposure to DDT from indoor residual spraying.  This was 

assessed by using the Malaria Control Programme’s provided information on spray status in the villages 

where mother’s reported they lived. Mothers (and therefore their child) were classified as being from a 

currently sprayed village (sprayed during the time of the study and presumably during or around the time 

the mother was pregnant), a historically sprayed village (1995-2003), or a village that had never been 
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sprayed. An important note is that malaria spray records were not available for the period of 1980-1994. 

Therefore, a “never sprayed” village was known officially to not be sprayed during the period of 1945 – 

1979 or 1995-2003, but potentially could have been sprayed during the 1980-1994 period. The mothers 

were also asked questions about how many years they had lived in that village and what their occupation 

was, to assess relative lengths of in-home exposure to DDT. They were also asked about their smoking 

history, drinking habits, age, and tribal ethnicity, in order to explore potential cofounding variables that 

might be considered to lead to a spurious correlation if not addressed.   

 The outcome of interest was defined as urogenetial birth defects. The authors state that “assuming 

that at least some of these endpoints have a common cause due to endocrine alterations, and to increase 

the power, they were grouped as ‘any UGBD’ variable. All urogenital malformation variables were 

analysed as being either present or absent.” Trained nurses examined newborns for the following six 

malformations: micropenis, cryptochidism, hypospadias, chordee, phimosis, and penile cysts.  

 

Paper 3: Reduced Seminal Parameters Associated with Environmental DDT exposure and p,p’-DDE 

Concentrations in Men in Chiapas, Mexico: A Cross-Sectional Study (De Jager, 2006) 

&
In this study, researchers addressed the question of endocrine-disrupting effects of environmental 

DDT exposure from malaria control. The study population was men from six rural communities in 

Chiapas, Mexico, an area that used indoor spraying of DDT one or two times per year to control malaria, 

until 2000. 116 volunteers met the inclusion criteria of aged between 18 to 40 years with no history of 

diagnosed infertility, testicular trauma, urinary infection, STDs, use of hormonal medications, exposure to 

known gonadotoxins, use of sauna baths, or history of neuropsychiatric disorders (which are potential 

confounding variables).  

 In addition to the inclusion criteria of living in a historically sprayed village, real-time exposure 

levels were assessed by analyzing blood samples for the presence of the DDT metabolites. The outcome 

of interest was poor semen quality, measured by analyzing physical and biological characteristics of 

semen samples from each participant. 

 

 

Paper 4: In Utero Exposure to the Antiandrogen 1,1-Dichloro-2,2-bis(p-chlorophenyl)ethylene (DDE) 

in Relation to Anogenital Distance in Male Newborns from Chiapas, Mexico (Longnecker et al. 2007) 

 

This study was based on the hypothesis that in utero exposure to DDE (a DDT metabolite) 

decreases anogenital distance in newborn males (a physical response outcome of the antiandrogen activity 

of DDE). The study population of newborn boys was recruited into the study through recruiting mothers 

during the postpartum period at two city hospitals in Chiapas, Mexico. Exclusion criteria were that the 
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mother was over 35 years old, the pregnancy was considered “complicated” from a medical standpoint, or 

the mother had pregnancy-related diabetes, hypertension, or a seizure disorder that required medication. 

Mothers with history of urinary tract infections, psychiatric, kidney, or cardiac disease, or who did not 

speak Spanish were also excluded. Finally, newborns included in the study were males with gestational 

periods over 36 weeks and birth weights over 2.5kg. In total, 781 mother-infant pairs were enrolled in this 

study. 

 Exposure was determined based on maternal serum levels of DDE and DDT. Outcome 

measurement was through measurement of anogenital distance and penis size. Measurements were taken 

within 6 hours of birth for over 80 percent of the newborns. The remaining newborns’ measurements 

were taken within 34 hours of birth, with one exception that was 7 days post birth.  

 

Paper 5: Long-term Effects of DDT exposure on semen, fertility, and sexual function of malaria 

vector-control workers in Limpopo Province, South Africa (Dalvie et al. 2004) 

 

 This study looked at 60 men who were occupationally exposure to DDT. Malaria control workers 

responsible for spraying homes with DDT were recruited from three work camps in Limpopo Province, 

South Africa. A questionnaire was used to collect information on demographics, work history, medical 

history, and sexual function and reproductive history, as well as use of alcohol, tobacco, cannabis, in 

order to explore potential confounding variables. Exposure was defined through the occupation, and was 

measured by the presence of six different DDT metabolites in the blood. Outcome was measured through 

analysis of physical and biological semen quality parameters.  
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Thank you for participating in this study, which combines techniques of expert elicitation and general 

survey methods. An Expert Elicitation is a type of research method that is aimed at gaining information 

on topics that are not highly researched or well understood, or include a high amount of uncertainty.  

 

The goal of this study is to gain information about the effectiveness of ITNs and IRS at reducing one 

health risk, malaria, and the potential health risks associated with their use. We hope to gain information 

that will allow us to illustrate the trade-off of health risks associated with malaria and malaria control. 

  

You have been selected to provide your views because of your involvement and experiences related to 

malaria control policy and malaria intervention programs. There are no right or wrong answers to the 

questions asked: your opinion is meant to help provide researchers with an understanding of how malaria 

control works. You may choose to omit any questions you do not wish to answer or feel that you do not 

have the expertise to answer. All information provided will be treated as confidential, however, we do ask 

for your contact information so that we can provide you with the final report once the study is complete.  

 

Preliminary Information: 

 

This document has 2 parts. The first part asks you to think about the statistical impact that implementation 

of insecticide treated nets (ITNs) or Indoor Residual Spraying (IRS) would have on the malaria 

prevalence of a community. This is done through a series of questions that ask you to judge the effect you 

would expect to see in the given hypothetical situation. The second section asks you to think about how 

insecticides might act on certain health endpoints. It is aimed at understanding the risks associated with 

insecticides used for malaria control, and the risks associated with malaria.  

 

Please note, for any question that refers to “ITNs”, assume this means pyrethroid-treated bed nets. 

For IRS, the insecticide type being used is noted in the question. When asked to consider the “effect 

size” at a given time period, please assume that it is high transmission season for malaria at that 

time.  

 

If you have difficulty understanding any question or how to answer, please contact us or skip that 

question (you may indicate next to the question why you skipped it.) Additionally, we encourage you to 

add any additional comments to the question and answer you provide, if you feel it is relevant to our 

understanding of insecticides and malaria control.  

 

Again, thank you for participating in this expert elicitation.  

 

 

 

 

 

Kristen Pfau 

Duke University  

Email:   Kristen.Pfau@duke.edu 

Phone number:  +255 06 85 08 00 30 (TZ) until July 31, 2010 
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Name: 

Employer: 

Position or title: 

Contact email and phone number: 

 

SECTION 1. COMMUNITY LEVEL IMPACT OF INSECTICIDE INTERVENTIONS 

 

Open-Ended Questions:  

 

1. Let me show you a diagram I’ve created that illustrates some of the variables and factors that can 

influence incidence and prevalence of malaria, therefore  impacting the effectiveness of an intervention. If 

you were to create such a diagram, are there other factors you would include, or factors seen here that you 

would leave out? 

 

 

2. In this diagram, it is not noted which factors have a greater influence, and which factors are of minor 

influence. All factors are represented equally. Do you feel certain factors are more important than others? 

If so, which ones?  

 

 

3.  When considering how affective a preventative intervention might be towards reducing malaria 

prevalence or burden in a community, which factors would you consider with the greatest weight?    

 

We will now go through a series of 8 “situations”. Each situation describes a rural community in 

which an insecticide intervention will take place and the type of intervention. Assume there are no 

prior interventions efforts in the communities—they have never been treated with IRS and no one 

uses ITNs. Assume that each community is statistically average and identical: they have the same 

population density, climatic seasonality, proximity to water, land use/land cover type, age 

demographics, et cetera, and these factors are all within the typical, average range for Tanzania.  

 

For each question, think about how the intervention described will effect the malaria prevalence in 

that community. Tell me what you think the outcome will be in terms of a decrease in malaria 

prevalence. I will give you a list of options to choose from (mark an X in the column to the right of 

the option), or you can provide me with your own answer if you feel these options are not sufficient 

(simply write down your answer in the area provided).  

 

There is a series of follow-up questions for each situation that ask you to explain why you chose the 

answer you did.  
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A- INSECTICIDE TREATED BEDNETS (ITNs):  

 

Situation 1. Prior to intervention, a community has a malaria prevalence of 70%.  ITNs are given to at 

least 90% of community members, who use them every night for one year. A new survey is done one year 

after nets are given out, to determine the current prevalence of malaria in the community.   

 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 
 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

This situation is repeated in 100 communities. How many would you expect to have the same result? 

Why? 

 

Image now that you return to the community two years later, so now three years have passed since nets 

were distributed. What would the prevalence in the community be now? Why is it different?  

 

 

Situation 2. Prior to intervention, a community has a malaria prevalence of 30%.  ITNs are given to at 

least 90% of community members, who use them every night for one year. A survey is done one year 

after nets are given out, to determine the current prevalence of malaria in the community.   

 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 
 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

If this effect is different than the previous situation, please explain why:  

 

This situation is repeated in 100 communities. How many would you expect to have the same result? 

Why?   

 

Image now that you return to the community two years later, so now three years have passed since nets 

were distributed. What would the prevalence in the community be now?  

 

 

 

Situation 3. Prior to intervention, a community has a malaria prevalence of 70%.  One ITN is given to 

each household, with instructions that woman and children should use the net every night. A survey is 

done one year after nets are given out, to determine the current prevalence of malaria in the community.   
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Effect expected (choose one range option, OR, provide unique answer here: ________________): 
 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

Why do you think this will be the result?  

 

This situation is repeated in 100 communities. How many would you expect to have the same result? 

Why?   

 

Image now that you return to the community two years later, so now three years have passed since nets 

were distributed. What would the prevalence in the community be now?  

 

 

 

 

Situation 4. Prior to intervention, a community has a malaria prevalence of 30%.  One ITN is given to 

each household, with instructions that woman and children should use the net every night. A survey is 

done one year after nets are given out, to determine the current prevalence of malaria in the community.   

 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 
 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

Why do you think this will be the result?  

 

This situation is repeated in 100 communities. How many would you expect to have the same result? 

Why?   

 

Image now that you return to the community two years later, so now three years have passed since nets 

were distributed. What would the prevalence in the community be now?  

!

!
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B- INDOOR RESIDUAL SPRAYING (IRS): 

Situation 1. Prior to intervention, a community has a malaria prevalence of 70%.  IRS using ICON (a 

pyrethroid) is applied, covering at least 85% of homes. Four rounds are sprayed, with 6 months between 

each round (taking 2 years total). A survey is done six months following the last round of spraying, to 

determine the current prevalence of malaria in the community.   

 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

Why do you think this will be the result?  

 

This situation is repeated in 100 communities. How many would you expect to have same result? Why?   

 

Image now that you return to the community two years later, so now 8 rounds have been sprayed over 4 

years. What would the prevalence in the community be now? Why?  

 

If we suppose that the starting prevalence was lower, say 30%, would this change the effect you would 

expect to see after 4 rounds (2 years)? After 8 (4 years)? How? Why?  

 

 

 

Situation 2. Prior to intervention, a community has a malaria prevalence of 70%.  IRS using DDT  is 

applied, covering at least 85% of homes. Two  rounds are sprayed, with 12 months between each round 

(taking 2 years total). A survey is done 12 months following the last round of spraying, to determine the 

current prevalence of malaria in the community.   

 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

Why do you think this will be the result?  

 

This situation is repeated in 100 communities. How many would you expect to have same result? Why?   

 

Image now that you return to the community two years later, so now 4 rounds have been sprayed over 4 

years. What would the prevalence in the community be now? Why?  

 

If we suppose that the starting prevalence was lower, say 30%, would this change the effect you would 

expect to see after 4 rounds (2 years)? After 8 (4 years)? How? Why?  
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C- COMBINED IRS AND ITN USE:  

When thinking about combining ITN and IRS interventions, which factors are most important to consider 

to guarantee success of the program? How is this different from when using just ITNs, or just IRS? 

 

Situation 1. Prior to intervention, a community has a malaria prevalence of 70%. ITNs are given to 90% 

of community members, who use them every night. At the same time, IRS using ICON  begins, covering 

at least 85% of homes, every 6 months for 2 years. A survey is done six months following the last round 

of spraying, to determine the current prevalence of malaria in the community.   

 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 
 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

This situation is repeated in 100 communities. How many would you expect to have the same result? 

Why? 

 

If the starting prevalence in the communities was lower, say 30%, how would this change your answer?  

 

 

 

 

Situation 2. Prior to intervention, all communities have a malaria prevalence of 70%. IRS using DDT is 

applied, covering at least 85% of homes, every 12 months for 2 years. At the same time, ITNs are given to 

90% of community members, who use them every night. A survey is done 12 months following the last 

round of spraying, to determine the current prevalence of malaria in the community.   
 

Effect expected (choose one range option, OR, provide unique answer here: ________________): 
 

Decrease in malaria prevalence by 75% or more  

Decrease in malaria prevalence by 50 to 75%   

Decrease in malaria prevalence 25 to 50%   

Decrease in malaria prevalence 5 to 25%   

No noticeable reduction in malaria prevalence  

 

This situation is repeated in 100 communities. How many would you expect to have the same result? 

Why? 

 

If the starting prevalence in the communities was lower, say 30%, how would this change your answer? 

 

 

FINAL QUESTION of this section: What do you think are the most effective ways to reduce malaria 

prevalence in a community? Do you think it is possible to eradicate malaria using these methods? Why? 



[ . 6 ; !p!Q&

!

! $!

SECTION 2. UNDESIRED SIDE EFFECTS OF INSECTICIDE INTERVENTIONS 

 

PART I: Open-Ended Questions: 

 

1. Are you aware of any side effects or negative health symptoms experienced by people who live in 

agricultural areas where pesticides are frequently used? If yes, what are these effects? 

 

 

 

2. Here is a list of side effects due to exposure to insecticides from occupation exposure or 

agricultural exposure that were reported in studies I have found. There is no published data exploring 

these side effects related to IRS or the common IRS insecticides, but only in relation to agricultural use of 

pesticides. (see citation list at end).  

1. Acute effects on nervous system have been long documented in agricultural settings, which 

results in symptoms like increased tension, anxiety, irritability, restlessness, and headaches. 

This has been documented in agricultural workers applying chemicals to their fields and animals.  

2. Reports of symptoms like dizziness, numbness, headaches, blurred vision, loss of muscle 

power and fatigue following pesticide exposure.  

3. Potentially, long-term exposure may result in endocrine disruption (which can cause 

reproductive failures and diseases) and cancers. 

4. Children born to parents who have been exposed to agricultural or industrial pesticides (ie, 

mother was pregnant and exposed, or father worked long-term with chemicals) have higher rates 

of congenital cleft lip or cleft palate, congenital limb reduction defects, and other congenital 

anomalies.  

5. Children living in agricultural areas where pesticides are used have slower motor skill 

development, lowered physical stamina, and lower concentration and memory skills compared to 

children not exposed. 

6. Negative effects on immune response and immune functions as a result of biological interactions 

of the chemical with immune system, resulting in higher rates of respiratory infections like 

asthma, bronchitis, sinusitis; higher susceptibility to sicknesses like flus and colds in agricultural 

workers. 
 

2. Do you feel these symptoms (or the ones you mentioned) are serious, concerning issues for agricultural 

uses of pesticides, or are they mild, infrequent issues? Please comment on your thoughts regarding these 

symptoms.  
 

 

 

 

3. Are you aware of any side effects or negative health symptoms experienced by people who live in 

homes treated with insecticides through IRS?  

 

         If yes,  

What are those side effects? Can you estimate for me how many people experience those side 

effects (a percentage of the population, or a number of people out of 1000, that will experience 

side effects when exposed to the insecticides)? 
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Where did you hear of these side effects? Was it from people within a community experiencing 

the symptoms or health reports documenting people experiencing symptoms? Or, was it from 

reading published studies discussing these effects? 

 

 

 

4. As you may already know, there are currently 12 insecticides approved by the World Health 

Organization for use in IRS. ICON (Lambda-cylothrin) is currently used in one region of Tanzania, and 

the plan is to expand its use to other regions. DDT is being considered as part of the expansion of IRS 

programs. Do you think that the different insecticide options result in different side effects or different 

extent of side effects (ie, less people experience side effect with pesticide X than with pesticide Y)? What 

might a person consider if they had to choose between these 12 approved insecticides?  

 

 

 

 

5. There is some limited data suggesting side effects due to exposure to insecticides from IRS. From my 

research, this seems limited to just DDT. For example:   

1. A hospital study of 3310 newborn boys in Lipopo Province, South Africa, where DDT has been 

used for IRS, found that 10.8% (357 newborns) had urogenital birth defects. 264 of these 

newborns had mothers who lived in homes sprayed with DDT at some point in the last 8 years, 

and 93 had mothers who lived in unsprayed homes. Statistically, the researchers say that there is a 

33% greater chance of having a child born with a urogenital birth defect if you are a 

mother living in a home that has been sprayed with DDT.  

2. The same group of researchers, working in the same region, looked at 311 “healthy” men aged 

18-40 years (mean age 23). They found that men with exposure to DDT through IRS had 

decreased sperm quality; and there was a positive correlation with higher exposure resulting in 

lower quality. 

 

Have you heard of these studies (or similar studies?) Do you think there is merit to these studies and the 

results they are suggesting?  
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PART  II- Confined Answer Questions 

 
We’re now going to go through a serious of questions that asks you to think about situations where 

different insecticide interventions are implemented to decrease malaria prevalence. You will fill out this 

section yourself. 

 

The first set of questions asks to you think about acute, negative health effects that have been documented 

to occur from insecticide exposure. Determine how likely you think it is that these effects occur at various 

time periods following a round of IRS, and how severe the effects would be if they were to occur.  

 

The second section gives a situation of a person living in a community where IRS or ITNs are used for 

malaria control. Following each situation is a list of health effects that may be seen within a community. 

Determine how likely you think it is that these effects would result from the situation given, and how 

severe the symptoms would be.   

 

Again, none of the negative effects listed have been strongly documented in association with IRS, 

they are just speculative effects that have been associated with other types of insecticide exposures 

(mainly high-exposure agricultural uses, long-term exposure from agricultural occupations or in 

agricultural regions, or accidental poisonings). We are asking you to think about how likely it is that 

these effects are applicable to IRS, and the severity of the symptoms that you feel would be 

experienced. There is no right or wrong answer.  

 

 

 

For both sections, you will use the tables provided to assign values to your opinion of likelihood and 

severity.  

 

Table 1: Likelihood: The likelihood table is used to give an assessment of the probability that the 

endpoint listed will occur. Think about what you know about malaria, insecticides, and IRS to judge how 

likely (or how probable) it is that the endpoint listed could be a result of the situation described. Use the 

levels described in this table to indicate your opinion on the likelihood for each endpoint, by writing a 

letter A-F in the box provided.  

 

LIKELIHOOD 

CATEGORY 

LEVEL 

ASSIGNED 

DESCRIPTION OF CATEGORY (approximate 

probability) 

Very probably   A Continuously experienced (more than 50 in 100 people will 

experience the event listed) 

Probable   B Will occur frequently (30 to 50 in 100 people will 

experience the event listed) 

Occasional C Will occur several times (15 to 30 in 100 people will 

experience the event listed) 

Possible D Unlikely occurrence, but can be expected to occur (5 to 15 

in 100 people will experience the event listed)  

Remote   E Unlikely to occur, but is possible (1 to 5 in 100 people will 

experience the event listed) 

Not probable F This event will not occur.  
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Table 2: Severity: Used to represent the range of damage that can result if a certain endpoint occurs. For 

each endpoint, think about the effect this endpoint would have on an individual and a community. The 

descriptions provided here are only guidelines-- an endpoint does not have to agree with the full 

description provided, or you might feel compelled to categorize an endpoint at a certain level for a reason 

not listed in the definition. Indicate the severity level based on what you feel is the best and most 

appropriate fit, by writing a number 1-4 in the box provided. 

 
SEVERITY 

CATEGORY 

level  DEFINITION 1: ACUTE  

(for use when endpoints are 

temporary, less than two weeks) 

DEFINITION 2: CHRONIC 

(endpoints are long-term, lasting greater 

than 2 weeks or up to a lifetime) 

Catastrophic 4 * Symptom cannot be ignored.  

* Symptom interferes with 

concentration on every day activities-

-inability to be productive. 

* Family members may take time to 

care for the person.   

* The person must seek medical 

attention, resulting in some economic 

burden.  

* Irreversible, full loss of productivity—there 

are very few activities or tasks that the person 

can do at a normal level.  

* The individual’s family members are less 

productive because they must care for the 

individual.  

* Individual’s lifespan may be shorter than 

average.  

* Consistent need for medical attention, which 

is an economic burden. 

Critical 3 * Symptom cannot be ignored.  

* Person must take more breaks than 

usual or is unable to perform some 

tasks, but still maintains some 

productivity. 

* Person may seek medical attention, 

resulting in some economic burden.   

* Individual suffers from irreversible, but only 

partial, loss of productivity-- they must limit 

certain activities but are able to perform some 

tasks.  

* Family members of the affected individual 

may be less productive because they must care 

for the individual.  

* Lifespan may be shorter than average.  

* Consistent medical attention would increase 

productivity and quality of life, however 

medical treatment is not necessary to maintain 

some productivity. 

Marginal 2 * Symptom is present and cannot be 

ignored. However, symptom does not 

interfere with everyday activities or 

significantly decrease productivity.  

* Individual suffers from minimal loss of 

productivity-- they must limit certain activities 

or tasks.  

* Symptoms are reversible or treatable with 

continued medical attention, which would 

restore full productivity.  

Negligible 1 * Symptoms can easily be ignored.  * Symptoms are a nuisance, but the individual 

does not suffer any significant loss of 

productivity.  

* Medical treatment is not necessary.  
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Section A. Acute Health Effects Due to Insecticide Exposure 

 

 

Situation 1. Insecticide Treated Bednets (ITNs): A child sleeps under an insecticide treated bednet 

(ITN). Please rank the likelihood and severity of that individual suffering from the given symptoms as a 

result of the ITN, in the time periods listed.  

 

 

 

Symptoms: headaches and/or dizziness LIKELIHOOD SEVERITY 

The first three days following use of a newly treated net   

Chronically experienced(at least once every month) due to 

long-term use of net  

  

 

 

 

 

Symptoms: skin, eye, and/or respiratory irritation LIKELIHOOD SEVERITY 

The first three days following use of a newly treated net   

Chronically experienced(at least once every month) due to 

long-term use of net  

  

 

 

 

 

Symptoms: nausea, gastrointestinal pains, and/or loss of 

appetite 

LIKELIHOOD SEVERITY 

The first three days following use of a newly treated net   

Chronically experienced(at least once every month) due to 

long-term use of net  

  

 

 

 

  

Symptoms: muscle weakness, muscle pains, and/or 

general body fatigue 

LIKELIHOOD SEVERITY 

The first three days following use of a newly treated net   

Chronically experienced(at least once every month) due to 

long-term use of net  
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Situation 2.  Indoor Residual Spraying (IRS) with ICON:  A child lives in a home that was treated 

with IRS using ICON. Please rank the likelihood and severity of that individual suffering from the given 

symptoms as a result of the IRS, in the time periods listed.  

 

 

Symptoms: headaches and/or dizziness LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  

  

 

 

 

 

Symptoms: skin, eye, and/or respiratory irritation LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  

  

 

 

 

 

Symptoms: nausea, gastrointestinal pains, and/or loss of 

appetite 

LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  

  

 

  

 

 

Symptoms: muscle weakness, muscle pains, and/or 

general body fatigue 

LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  
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Situation 3.  Indoor Residual Spraying (IRS) with DDT:  A child lives in a home that was treated with 

IRS using DDT. Please rank the likelihood and severity of that individual suffering from the given 

symptoms as a result of the IRS, in the time periods listed.  

 

Symptoms: headaches and/or dizziness LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  

  

 

 

 

Symptoms: skin, eye, and/or respiratory irritation LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  

  

 

 

 

Symptoms: nausea, gastrointestinal pains, and/or loss of 

appetite 

LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  

  

 

  

 

Symptoms: muscle weakness, muscle pains, and/or 

general body fatigue 

LIKELIHOOD SEVERITY 

The first three days following a single round of spraying   

Chronically (at least once every month) as a result of 

spraying every 6 months for 2 or more years  
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Section B. Long-term Health Effects  

 

Situation 1. A child sleeps under an ITN every night, from the time they are born until they are 10 

years old.   

 

Rank the likelihood that the child will develop the following health endpoints, and the severity associated 

with those endpoints in this situation. 

 

Endpoints associated with insecticide exposure: LIKELIHOOD SEVERITY 

Physical defects and abnormalities that would cause 

reproductive disability 

  

Reproductive issues like low sperm quality, decreased 

fertility that would limit reproductive ability 

  

Physical abnormality that would NOT affect 

reproduction, such as cleft lip and palate, limb 

reduction defects 

  

Poor neurological function and low memory   

Slow cognitive development   

Weakened immune system, resulting in high 

susceptibility to disease, illness 

  

 

 

 

Situation 2. At least 85% of homes in a community have been sprayed with ICON every 6 months for 

the past 10 years. A child was born and raised within that community, in a home that was sprayed with 

ICON.  

 

Rank the likelihood that the child will develop the following health endpoints, and the severity associated 

with those endpoints in this situation: 

 

Endpoints associated with insecticide exposure: LIKELIHOOD SEVERITY 

Physical defects and abnormalities that would cause 

reproductive disability 

  

Reproductive issues like low sperm quality, decreased 

fertility that would limit reproductive ability 

  

Physical abnormality that would NOT affect 

reproduction, such as cleft lip and palate, limb 

reduction defects 

  

Poor neurological function and low memory   

Slow cognitive development   

Weakened immune system, resulting in high 

susceptibility to disease, illness 
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Situation 3. At least 85% of homes in a community were sprayed with DDT every 12 months for the 

past 10 years. A child (under age 15) was born and raised within that community, in a home that was 

sprayed with DDT.  

 

Rank the likelihood that the child will develop the following health endpoints, and the severity associated 

with those endpoints in this situation: 

 

Endpoints associated with insecticide exposure: LIKELIHOOD SEVERITY 

Physical defects and abnormalities that would cause 

reproductive disability 

  

Reproductive issues like low sperm quality, decreased 

fertility that would limit reproductive ability 

  

Physical abnormality that would NOT affect 

reproduction, such as cleft lip and palate, limb 

reduction defects 

  

Poor neurological function and low memory   

Slow cognitive development   

Weakened immune system, resulting in high 

susceptibility to disease, illness 
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Section C. Short-term and Long-term Health Effects Due to Malaria 

 

Situation 4. A child (under age 15) contracts malaria. Please rank the likelihood that the child will 

develop the following health endpoints, and the severity associated with those endpoints, due to malaria.  

 

This is regardless of whether the child lives in a region or home sprayed with insecticides, or sleeps under 

an ITN. On the empty lines, please add any additional endpoints you can think of that might be associated 

with malaria. 

 

Endpoints associated with malaria: LIKELIHOOD SEVERITY 

Anemia   

Incidence of febrile illness   

Renal (kidney) failure   

Coma   

Death   

Low weight    

Mental retardation   

   

   

   

   

   

 

 

 

!
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CITATIONS FOR SIDE EFFECTS DUE TO EXPOSURE TO INSECTICIDES: 

 

The following list is just a sample of some of the literature on this topic. If you are 

interested in any of these articles or would like to see other similar articles, please email me 

(Kristen.Pfau@duke.edu). I can provide PDFs of these or other similar publications.  

 

FROM OCCUPATION EXPOSURE OR AGRICULTURAL EXPOSURE- 

 
A.E. Czeizel, Pesticides and birth defects [letter], Epidemiology, 1996, 7(1): 111. 

 

Colosio et al. 1999. Immune parameters in biological monitoring of pesticide exposure: current knowledge and 

perspectives. Toxicology Letters 108:285-295. 

 

D.A. Schwartz and J.P. LoGerfo, Congenital limb reduction defects in the agricultural setting, Am J Pub Health, 

1988, 78:654–57. 

E.M. Bell, I. Hertz-Picciotto, and J.J. Beaumont, A case-control study of pesticides and fetal death due to congenital 

anomalies, Epidemiology, 2001, 12(2): 148–56. 

Farahat et al. 2003. Neurobehavioral effects among workers occupationally exposed to organophosphorous 

pesticide. Occup Environ Med. 60:279-286. 

 

G.M. Shaw, C.R. Wasserman, C.D. O’Malley, et al., Maternal pesticide exposure from multiple sources and selected 

congenital anomalies, Epidemiology, 1999, 10(1): 60–66. 

 

 

Guillete, E. 1998. An Anthropological Approach to the Evaluation of Preschool Children Exposed to Pesticides in 

Mexico. Enviro Health Perspectives. 106(6) 347-352. 

 

J.E. Gordon and C.M. Shy, Agricultural chemical use and congenital cleft lip and/or palate, Arch Env Health,   

1981, 36:213–21. 

 

Sharpe and Irvine. 2004. How strong is the evidence of a link between environmental chemicals and adverse effects 

on human reproductive health? BMJ 328(7437):447-451. 

 

Stephens, et al. 1995. Neuropsychological effects of long-term exposure to organophosphates in sheep dip. The 

Lancet, 345(8958): 1135-1139. 

 

 

 

FROM IRS EXPOSURE- 

 

Aneck-Hahn et al. 2007. “Impaired Semen Quality Associated With Environmental DDT 

Exposure in Young Men Living in a Malaria Area in the Limpopo Province, South Africa”, Jour 

of Andrology28(3):423-434. 

 

Bornman et al. 2009. “DDT and urogenital malformations in newborn boys in a malarial area”, 
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