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ADDITIONAL FILE 1 

DETAILS ON THE METHODOLOGY AND ASSUMPTIONS USED IN THE COST-EFFECTIVENESS 
ANALYSIS OF LARVICIDING FOR URBAN MALARIA CONTROL  

 In this section, the methodology and assumptions used to estimate the cost-effectiveness 
ratios of larviciding for urban malaria control in Tanzania are described. This supplemental 
material is organized into three sections. First, the data and assumptions used to calculate the 
number of disability-adjusted life years averted (DALY) are described. Second, the methodology 
used to estimate provider’s resources savings that would accrue by preventing malaria infections 
is presented. Third, the methodology adopted to estimate society’s resources savings is defined. 

Disability-adjusted life years 

 Previous Global Burden of Disease (GBD) assessments used the judgment of a small 
group of health-care professionals to assign disability weights to 483 sequelae of diseases and 
injuries. In contrast, the GBD 2010 update mapped 1,160 sequelae into 220 distinct health states, 
and weights were elicited through a large-scale multi-country respondent survey [1]. The health 
states and disability weights derived from this latest iteration of the GBD were used to estimate 
years of life lost due to disability. The seven malaria-related health states, proportion of cases 
assigned to each state, and their respective disability weights were abstracted from the GBD 
2010 study report [2], and are presented in Table 1. The only exception is that the motor plus 
cognitive impairment state disease duration was estimated from the life expectancy at the 
average age of malaria death in Dar es Salaam (reliable information on the age distribution of 
neurological sequelae could not be found and the distribution of malaria deaths was used as the 
most plausible proxy). 

Table 1  Description of health states, proportion of cases falling into each state, and disability 
weight used to calculate number of life years lost to disability. 

Health State Proportion 
of cases Duration Disability 

Weight 
Mild case of acute infectious disease episode 66.3% 21 days 0.005 
Moderate case of acute infectious disease episode 33.2% 21 days 0.053 
Severe case of acute infectious disease episode 0.5% 21 days 0.210 
Mild anemia 15.47% 28 days 0.005 
Moderate anemia 20.28% 28 days 0.058 
Severe anemia 4.61% 28 days 0.164 
Moderate motor plus cognitive impairments 0.00906% 48.3 years 0.221 
 
The proportion of malaria cases that would lead to mild, moderate, and severe anemia 

was calculated independently using local information. Following the approach outlined in the 
GBD 2010 update [3], the mean hemoglobin shift caused by malaria infections is estimated at 
8.36 g/L and this shift was applied to the population distribution of hemoglobin levels in 
Tanzania. Separate distributions for individuals aged 0-4 years and 5-14 years, for men aged 15+ 
years, and for women aged 15+ years were used (Table 2). Information on hemoglobin 
distributions were obtained from the scientific literature for the city of Dar es Salaam for all age 
groups except for the 5-14 years old age group, which was based on data from coastal Tanzania. 
The hemoglobin shift was subtracted from the hemoglobin distributions described in Table 2, 
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and the increase in the prevalence of mild, moderate, and severe anemia was calculated using the 
appropriate age and sex-specific cut-off values for these anemia categories [3]. The average 
increase in prevalence across the different age and sex groups were combined using the 
distribution of malaria cases in these groups as weight (Table 3). The duration of malaria-
attributable anemia was estimated to be the same for the three severity classes of anemia. 
Previous studies suggested that it usually takes 4-5 weeks to achieve hematological recovery 
following malaria infection [4-6] and a disability duration of 28 days was therefore used for 
these three anemia sequelae.  

Table 2  Distribution of hemoglobin levels (g/L) used to calculate proportion of malaria cases 
that would lead to mild, moderate and severe anemia for different age and sex groups. 

Population Group Hemoglobin (g/L) Reference Mean SD 
Children aged 0-4 years (both sexes) 106.4 15.4 [7] 
Children aged 5-14 years (both sexes) 111.5 13.9 [8] 
Female aged ≥15 years  112.0 18.0 [9] 
Male aged ≥15 years  128.0 16.0 [9] 
 

Note: Mild anemia was defined as a hemoglobin level below 120 g/L for all age 
groups (except for males aged ≥15 years were a cut-off of 130 g/L was used). 
For moderate anemia, a threshold of 110 g/L was used (120 g/L for males aged 
≥15 years). Severe anemia was defined using a cut-off hemoglobin level of 80 
g/L (90 g/L for males aged ≥15 years). 

 

Table 3  Age distribution of malaria cases and malaria deaths. 

Age Group Proportion of 
Malaria Cases* 

Proportion of 
Malaria Deaths† 

0-4 years old 19.1% 51.4% 
5-14 years old 30.9% 10.9% 

15-29 years old 26.9% 8.4% 
30-44 years old 14.2% 11.9% 
45-59 years old 5.7% 5.3% 
60+ years old 3.3% 12.0% 

 
*Age distribution of prevalent malaria cases estimated from the UMCP data. 
†Age distribution of malaria deaths estimated from the Dar es Salaam 
Demographic Surveillance Site through verbal autopsies (including 
unspecified acute febrile illness). 
 

 Years of life lost were calculated by multiplying the expected number of deaths at each 
age by the remaining life expectancy at age of death in Tanzania [10]. The age distribution of 
malaria deaths (Table 3) was obtained from the Dar es Salaam Demographic Surveillance Site 
(DSS), conducted from 1994 to 2002 as part of the Adult Morbidity and Mortality Project 
(AMMP) [11], which, despite its name, collected information on individuals of all ages. Cause of 
death was ascertained through verbal autopsies. Because the cause of death was not specifically 
coded as malaria unless there was confirmatory evidence from another source (e.g. hospital 
records) [12], malaria deaths were considered to be those with a cause of ‘malaria’ or 
‘unspecified acute febrile illness’, following the approach used by the AMMP and others [13, 
14]. Social value choices, such as age weights, were not incorporated into DALYs and health 
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outcomes were not discounted, in accordance with the approach adopted in the GBD’s 2010 
update [15]. 

Provider’s resource savings 
 A decision tree was developed to quantify the costs savings that would follow averting 
malaria cases in Dar es Salaam from the provider’s perspective (Figure 1), which takes the 
viewpoint of the Tanzanian Ministry of Health and Social Welfare. Costs savings per malaria 
infection averted were estimated by taking into account 1) the proportion of symptomatic 
individuals that attended a health facility [PHF], 2) the proportion treated as outpatient [POut], 3) 
the proportion diagnosed with microscopy [PMic], 4) the cost of diagnosing malaria using 
microscopy [CDMic], 5) the cost of diagnosing malaria using a rapid diagnostic test (RDT) 
[CDRDT], 6) the cost of treating an uncomplicated falciparum malaria with artemether-
lumefantrine (ALu) [CTOut], 7) the cost of diagnostic and hospitalization of a complicated 
falciparum malaria case treated with intramuscular quinine dihydrochlorine [CDTIn], and 8) the 
proportion of symptomatic individuals seeking care through community health workers [PCHW]. 
Finally, any user fees for diagnosis [UFDx] and treatment [UFTx] that would be collected by 
health facilities were subtracted from costs savings. Because children under five years of age are 
exempted from paying user fees, user fees were weighted by the probability of not having to pay 
them (using the age distribution of malaria cases described in Table 3). Costs savings per 
symptomatic malaria case averted were calculated using the formula below and parameter values 
are described in Table 4. 

Provider's CostSymptomatic = PHF POut (PMic *CDMic )+ (1−PMic )*CDRDT )+CTOut{ }"# $%+ (1−POut )*CDTIn[ ]−UFDx −UFTx
+PCHW CDRDT +CTOut −UFDx −UFTx  

 The proportion of symptomatic cases attending a health facility and seeking care through 
community health workers was estimated using UMCP data regarding the number of individuals 
who had a fever in the previous two weeks and sought advice or treatment at a health facility. 
That proportion was standardized using the age-distribution of prevalent malaria cases and it was 
estimated that, in Dar es Salaam, 65.7% of individuals infected with malaria (symptomatic) 
would seek treatment at a health facility and 4.4% through community health workers. 
 Once a malaria case present at the health facility, the proportion treated as outpatient and 
the number of hospitalizations need to be estimated. To this end, it was found from Tanzanian 
Ministry of Health data that 8.32% of all malaria cases presenting at health facilities were treated 
as in-patients [16]. The Tanzanian MoH’s standard treatment guidelines states that ‘where 
possible, laboratory investigations are mandatory’ [17]. Despite the fact that laboratory facilities 
are widely available in Dar es Salaam, a certain number of cases will be solely treated based on 
clinical symptoms (presumptive treatment). To produce consistent estimates of cost-effectiveness 
across interventions, all suspected malaria cases were assumed to be parasitologically confirmed 
either using RDT or microscopy, as per their National Malaria Control Program’s guidelines. 
Specific data on the proportion of malaria diagnosis performed by RDT versus microscopy in 
Dar es Salaam could not be found. Instead, information from a study conducted in 2012 in two 
rural districts of Tanzania was used. This study reported that, among patients with fever who had 
a clinical diagnosis, RDT were used 56% of the time [18]. Provider’s costs per diagnosis were 
informed by an economic evaluation conducted in six health facilities of Dar es Salaam that 
found that cost per diagnostic test (costs include laboratory materials and labor expenses) was 
$1.44 for RDT and $0.59 for microscopy (2008 USD) [19]. 
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Figure 1  Decision tree model to calculate cost savings. 

 
Table 4  Parameters and data sources used to calculate costs saved by averting one symptomatic 

malaria case. 
Parameters Value Data Sources 

PHF 65.7% UMCP data 
PCHW 4.4% UMCP data 
POut 91.7% Ministry of Health data [16] 
PMic 44% Masanja et al. [18] 

CDMic $0.59 Harchut et al. [20]  (1) 
CDRDT $1.45 Harchut et al. [20] (1) 
CTOut $1.85 Negotiated WHO/Coartem Price [21] (2) 
CTDIn $74.26 Lubell et al. [22] (3) 
UFDx $0.26 Ministry of Health data(4) 
UFTx $0.15 Ministry of Health data(4) 

 
Note: All prices are in 2012 US dollars. 
(1) These costs include overhead, labor costs, equipment, and general consumables. 
(2) Drug price per tablet of 0.057 USD’09 with 20% adjustment for wastage, 10% for shipping, and 10% 
for CIF. A weighted average, using age as a proxy for weight, of the number of tablets required for an 
average ALu dose was calculated from the age distribution of cases in the UMCP data.  
(3) Pooling data from all sites of this multi-center study. Costs include those for the antimalarial and 
other drugs, supportive treatment, diagnostic tests, treatment for adverse events and hotel costs for 
inpatient stay.  
(4) The user fees are weighted by the probability that the patient is exempted from paying them (i.e., 
children under five years of age). 
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Standard treatment guidelines for Tanzania recommend ALu as first line treatment for 
uncomplicated malaria and quinine dihydrochlorine injection for complicated malaria [17]. All 
uncomplicated malaria cases were assumed to be treated as outpatients with ALu. To calculate 
cost per ALu treatment, the negotiated Novartis/WHO price of $0.057 per tablet was used (2009 
USD) [21]. Because the number of tablets required per treatment is a function of a patient’s 
weight, average treatment costs were calculated based on the weight distribution, proxied by age 
(as described in the MoH’s Standard Treatment Guidelines [17]), of prevalent malaria cases in 
the UMCP data. Further, drug costs were inflated by 20% to adjust for wastage, an additional 
10% for local transport, and 10% was added for international transport to properly reflect the 
costs incurred by the MoH [19]. All in-patients were presumed to have complicated malaria and 
estimated costs for treating such cases were abstracted from a recent multi-center trial of quinine 
versus parenteral artesunate for severe malaria [22]. The cost of treating a severe malaria case 
with quinine was estimated at $63.50 (2009 USD). This includes drugs, fluids, laboratories, and 
hotel costs – the latter being obtained from WHO’s choosing interventions that are cost-effective 
framework – but excluded lifetime health care costs associated with neurological sequelae.  
 Individuals seeking care through community health workers were assumed to be 
diagnosed with RDT and treated with ALu. Because of lack of specific cost data on community 
health workers, the cost estimates of RDT from health facilities were used and the cost of ALu 
was presumed to remain the same. Using the cost function described above and accounting for 
treatment-seeking behavior, the provider’s costs of treating one symptomatic case of malaria was 
estimated to be of $5.15 (17% of malaria infections are assumed to be symptomatic). The latter 
amount was used to aggregate costs savings over the 10-year duration of the larviciding program 
and to discount savings occurring in the future at a 3% rate.  
Society’s resources savings 
 To estimate household costs in Dar es Salaam, the framework developed by Sicuri et al. 
[23] was generalized to individuals of all ages (Figure 1). Specifically, treatment-seeking 
behaviors, fees, medicine costs, transportation costs, productivity losses due to clinical cases of 
malaria (or caring for sick children), anemia, and neurological sequelae, and funeral costs were 
taken into account. 
 Household direct costs are described in Table 5. Data from the UMCP was used to 
estimate the proportion of symptomatic malaria cases falling into five mutually exclusive 
treatment-seeking behaviors. For treatment in health facilities, user fees for diagnostic and 
treatment as well as transportation costs were taken into account. Because of the paucity of costs 
data regarding community health workers, societal costs were presumed to be the same as for 
those seeking treatment at health facilities, minus the transportation costs which is assumed to be 
null in the case of community health workers. For treatment in pharmacy/store, it was estimated 
that transportation costs would be negligible and that the only direct expenditure would be the 
cost of treatment with ALu. A small proportion of individuals sought care through traditional 
healers. Fees for such services were abstracted from the literature and it was premised that the 
same transportation costs reported by patients attending health facilities would apply for those 
reaching traditional healers. Individuals not seeking treatment were assumed to accrue no direct 
costs. Funeral costs were estimated from insurance premiums [24] and self-reported expenditure 
on funerals among individuals aged 15-59 years of age in Tanzania [25]. 
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Table 5  Inputs and data sources to calculate household direct costs per symptomatic malaria 
episode. 

Household Direct Cost per Symptomatic Malaria Episode 

Treatment Seeking Proportion(1) Fee Medicine Costs Transportation 
Costs 

Health Facility 65.70% $0.26(2) $0.15(4) $0.29(6) 
Community Health Worker 4.42% $0.26(2) $0.15(4) - 
Pharmacy/Store 3.95% - $0.77(5) - 
Traditional Healer 0.04% $2.70(3) - $0.29(6) 
No Treatment 25.90% - - - 
 

Note: All prices are in 2012 US dollars. 
(1) UMCP data. 
(2) Ministry of Health Data. User fee for diagnostic by community health worker is assumed to be equal to that 
of health facilities. 
(3) Average between the fee reported by Sicuri et al. [23] and the one reported by Somi et al. [26]. 
(4) Based on the user fee for treatment in the health sector. User fee for treatment by community health worker is 
assumed to be equal to that of health facilities. 
(5) Medicine costs for treating one malaria episode with artemether-lumefantrine. Cost estimate based on 798 
private for-profit outlets in mainland Tanzania reported by Tougher et al. [27] and adjusted for the average 
weight (proxied by age) of malaria cases in Dar es Salaam. 
(6) Average transportation cost of 259 patients from 6 health facilities of Dar es Salaam, as reported by Yukick 
et al. [19]. 

 
 Household indirect costs were estimated by calculating productivity losses due to illness, 
anemia, and neurological sequelae. Changes in productivity were estimated using a human 
capital approach where market wage rates were used as a proxy for an individual’s productive 
potential [28]. Time lost per symptomatic malaria episode has been estimated at 4.2 days in 
Tanzania [26]. Adult care-takers of sick children aged 0-9 years of age were presumed to also 
lose 4.2 days of productivity, and care-takers of children aged 10-14 to lose 1 day (25% of the 
time for younger children). Time lost in transportation or in medical facilities was not included to 
avoid double-counting, as affected individuals would already be out of economically productive 
activities due to malaria illness. The average monthly income in Dar es Salaam was abstracted 
from the 2006 Tanzanian Integrated Labour Force Survey (ILFS) database [29]. Taking into 
account the probability of unemployment, the average income in Dar es Salaam was calculated 
per 5-year age groups and the overall average income was weighted by the age distribution of 
malaria cases. Further, it was premised that care-takers of sick children would be women above 
15 years of age so that such productivity losses would be calculated using the average income of 
this gender group – income for women in Dar es Salaam are roughly 60% lower than that of 
men. Note that caretakers of sick individuals or individuals affected by malaria may be non-
economically active students that would also experience a reduction in their amount of earned 
education. Because of methodological difficulties in precisely quantifying the accumulation of 
human capital in this population, this type of indirect costs was not considered in the present 
economic evaluation.  
 Iron deficiency anemia can lead to important cognitive deficits in children and has 
negative impacts on adult work capacity [30]. Malaria is an important contributor of iron 
deficiency anemia, even in asymptomatic individuals [31, 32]. Productivity losses due to anemia 
are estimated to be of the order of 5% for blue-collar type work and can be as high as 17% for 
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heavy manual labor [30]. Malaria infections cause a mean hemoglobin decrease of 8.4 g/L [3, 
33] and this shift was applied to the mean hemoglobin level of male and female aged 15 years of 
age. Distribution of hemoglobin levels for Dar es Salaam’s adult population was abstracted from 
the literature (Table 2) and it was estimated that 16.9% of malaria cases would become anemic 
because of the infection. Productivity losses due to anemia were estimated by calculating average 
income per 5-year age groups, using data from Dar es Salaam in the 2006 ILFS [29], and 
assuming that income would be reduced by 5% due to anemia for the proportion of the 
population that became anemic as a result of malaria. Lost income was averaged using the age 
distribution of malaria cases as weights. The effect of malaria-attributable anemia on 
productivity was assumed to last for 4 weeks, as informed by studies on the duration of post-
malaria hematological recovery [4-6]. 
 Severe malaria has been associated with long-term cognitive impairments [34-37]. The 
impacts of such persistent neurological sequelae on lifetime productivity are clear but precise 
effect size estimates are unavailable. The proportion of malaria infections resulting in 
neurological sequelae has been estimated to be 0.00906% [2], and the productivity of individuals 
with such sequelae was assumed to be reduced by 15% - an estimate that can be considered 
conservative. Individuals were further presumed to be economically productive between the ages 
of 15 to 64 years and the average yearly earnings of this age group was calculated using data 
from Dar es Salaam, as reported in the 2006 ILFS [29]. Yearly earnings were estimated at $946 
USD in this population so that the productivity losses due to neurological sequelae would be of 
$142 USD per year for affected individuals. The present value of lifetime productivity losses 
(LPL) due to neurological sequelae was estimated using the following formulae and a 3% 
discount rate: 

LPL =

E{[1− (1+ r)−(ex−15) ] / r}*(1+ r)−(15−Agex );     if Agex <15 and (ex + Agex )< 65
E{[1− (1+ r)−(65−15) ] / r}*(1+ r)−(15−Agex );     if Agex <15 and (ex + Agex ) ≥ 65
E{[1− (1+ r)−(ex−Agex ) ] / r}*(1+ r)−(15−Agex );  if Agex ≥15 and (ex + Agex )< 65
E{[1− (1+ r)−(65−Agex ) ] / r};                          if Agex ≥15 and (ex + Agex ) ≥ 65
0;                                                                if Agex ≥ 65
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where E is the average yearly earnings, r is the discount rate (3%), ex is the local life expectancy 
at age x, and Agex is the age at which an individual develops neurological sequelae. The average 
lifetime productivity loss was then calculated using the age distribution of malaria deaths. 
Lifetime productivity loss due to premature mortality was not included in this analysis because 
of extreme uncertainty in estimates of an individual’s lifetime consumption of goods/services 
(education, health, etc.) that would need to be deducted from lifetime earnings. 
 Household direct and indirect costs were then combined assuming that only 17% of new 
malaria infections would be symptomatic and that asymptomatic infections would not lead to any 
costs, except through anemia-attributable productivity losses. The following formulas were used 
to calculate the average societal cost per malaria infection and per malaria death: 
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where PSymp is the proportion of infections that are symptomatic (17%); PTSBi is the proportion of 
symptomatic individuals falling into each of the five treatment-seeking behaviors defined in 
Table 5; Feei, MedCosti, and Transporti are the health fee, medicine costs, and transportation 
costs, respectively, incurred by individuals seeking care in each of these five categories (see 
Table 5); PLIll is the productivity loss due to being sick or caring for sick children (note that PLIll 
is a weighted average of productivity losses by age group and is equal to $5.25); PLHb is the 
productivity loss associated with anemia ($0.20); PNS is the proportion of all malaria infection 
leading to neurological sequelae (0.009%); LPLNS is the present value of lifetime productivity 
losses due to neurological sequelae ($2,263);  and CostFuneral is the cost of a funeral ($40.4). 
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