Annex Materials (to be included on line)

Annex Figure 1: Structure of the Decision Model
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CHW: community health worker; RDT: rapid diagnostic test; AMT: anti-malaria treatment.

Annex Discussion of Model Assumptions and Sources

Epidemiological assumptions. The baseline incidence of febrile illness in the < 5 population (56% per person year), pneumonia (30% per person year) and malaria (15% per person year) were taken from Salomon (2011). We further assumed that 75% of pneumonia cases and 100% of malaria cases present with the symptom of fever.  The incidence of co-infection of pneumonia and malaria were derived from a study from Tanzania 
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(d'Acremont et al. 2010)
, and assumed to be 14% of all malaria cases. 

Severity assumptions. Some patients seek care initially in facilities (in the baseline, 16% of febrile illness cases). Subsequent to initial triage, some of these patients and some patients initially choosing other settings will be admitted to hospitals. These “severe cases” are assumed to represent 7.5% of all malaria casesSalomon et al. 2011()
. We assumed all severe cases were referred to facilities, and that that half of these severe malaria cases were hospitalized and half were treated only in the outpatient setting. For pneumonia, we assumed that 30% of the pneumonia cases were complicated and needed referral to facilities, and half of complicated pneumonia cases were referred to hospitals and half were treated in the outpatient setting.   
Cost Assumptions. The treatment costs for malaria, pneumonia, and co-infection were differentiated by setting. Facility costs occur in two basic ways in the model. The treatment costs in health facilities included laboratory costs, drug cost, and other health care costs including labor, household travel cost, meal costs, and fixed capital costs. Excluding drug and testing costs, the average ambulatory cost for initial triage in facilities is $0.98 for the facility costs (WHO-CHOICE) and $ 1.21 in household travel costs. For admitted patients, the average costs per stay are $3.56/bed day for facility costs (WHO-CHOICE) and $1.21 for household travel. In the CHW setting treatment costs included drug cost, labor cost, and household travel cost. The average ambulatory cost for initial triage by CHWs is $0.50 and these cases are without household travel costs. Self-treatment costs included drug cost (purchased from the private sector) and household travel cost only. 

In the case of malaria, we assumed a mix of 40% chloroquine and 60% ACT for outpatient treatment, corresponding to the distribution of P. Vivax and P. Falciparum malarial parasites in the country, and 100% quinine is used for the severe hospitalized cases. For pneumonia, we assumed treatment was always amoxicillin. The unit costs (per episode) of drugs were $1.60 for uncomplicated malaria cases 
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(Chanda et al. 2009; Wolf & Hsi 2005)
, $5.47 for complicated malaria Godesso 2008()
, $2.52 for uncomplicated pneumonia and $15.54 for complicated pneumonia treatmentBanja 2010()
. We also assumed here that the cost of drugs was 5% higher for the CHW setting than that in the health facilities given higher logistic cost to distribute drugs to communities. We assumed that the costs for drugs in the private sector were the same as government facility costs.  The unit cost of using RDTs was $0.80 per test 
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(Lemma et al. 2011; Uzochukwu et al. 2009; Wolf & Hsi 2005)
 . The unit cost of microscopy was $1.30
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(Chanda et al. 2009; Uzochukwu et al. 2009; Wongsrichanalai et al. 2007)
, the cost of a RRT device was assumed to be $3.50 (per device for each government employed physician and each CHW). 

Training costs for CHWs was assumed to be related to whether the CHW was being trained to implement the RDT and indicated anti-malarial drugs, or whether the implementation required training in the use of both RDT and RRT and the application of indicated treatment for malaria and pneumonia. In both cases we assumed that the training of using RDT and treatment of malaria management was integrated with other training programs (e.g. integrated management of childhood illness [IMCI] program) typically financed by the Global Fund.  Thus the cost of training is incremental. 

Under the bundled scenarios, where training of diagnosis of pneumonia and malaria were given to CHWs at the same time, the training session lasting half day, we estimated that the training cost of $50/CHW ($35 Per Diem, $15 for cost of training materials, venue rental, trainers, etc). Under the malaria-only scenarios, we assumed that the training cost would be doubled to $100/CHW as the training of diagnosis of pneumonia and malaria was separate, requiring longer training time.       
Compliance assumptions. Provider compliance with test results is a difficult area for modeling because of the dependence of provider compliance rates on a variety of experiential, clinical and local factors. Low compliance to RDT testing results is documented as one of the many reasons of excessive wastage of ACTs and as one of barriers of achieving cost-efficient control of malariaCohen et al. 2011()
. We chose a RDT compliance rate for the use of anti-malarial drugs to be 60%. This means that if RDT test is negative, 60% of the time the test result will be followed and anti-malarials not given to the patient. This assumption is based on several studies showing similar compliance rates in other countries.
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(Cohen et al. 2011; Cohen et al. 2012; Hamer et al. 2007; Reyburn et al. 2007)
. We discuss the issues of the compliance assumptions later in the paper. 

Testing and diagnostic accuracy assumptions.  We used information about sensitivity and specificity of RDT from a study in India 
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(Meena et al. 2009)
, which shows sensitivity of 93% and specificity of 98%. The sensitivity and specificity of microscopy were set as 79% and 82% respectively Shillcutt et al. 2008()
. Sensitivity and the specificity of presumptive diagnosis among health professionals, community health workers, and mothers were not available. We assume that health professionals and community health workers have the same level of accuracy of diagnosis of malaria, setting the sensitivity of 90% and specificity of 42%, while mothers have a lower diagnostic accuracy, with 82% of sensitivity and 20% of specificity. While the accuracy of RDT was widely documented, the accuracy of pneumonia diagnosis is less available. The sensitivity and specificity of presumptive diagnosis of pneumonia may depend on the prevalence of pneumonia, training of providers, and the mix of severity of illness. Some of the information is unknown to us. The relationship between accuracy of diagnosis and those determinants is not known. We assumed a high sensitivity (80%) and specificity (about 56%) of diagnosis of pneumonia among health professionals and CHWs, in comparison with a low sensitivity (40%) and specificity (35%) if a child is diagnosed by his/her mother and receives self-treatment.  Introducing RRT is assumed to improve the specificity of diagnosis significantly, increasing the specificity from 56% to 75%.
