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Supplementary Methods 

Post-discharge cohort model 

We developed a compartmental model to describe the incidence of uncomplicated and hospitalised 
malaria among the trial cohort of children aged 6–59 months during the six months post-discharge 
follow-up period in PDMC and placebo trial arms. The model has the following states: prophylaxis 
(𝑃𝑃AL and 𝑃𝑃DP), susceptible (𝑆𝑆), treated uncomplicated malaria (𝑇𝑇𝑈𝑈), and treated hospitalised malaria 
(𝑇𝑇𝑆𝑆) (Figure 4, main text). State transitions are described in the main text and we provide further 
details here. The equations are below. 

Children enter the model into a protected state 𝑃𝑃AL1 on the first day of their treatment with 
artemether-lumefantrine (AL), which has a gamma-distributed duration with an mean of 13 days.1 The 
probability of leaving state 𝑃𝑃AL1 on day 𝑡𝑡𝑑𝑑 after discharge is therefore: 
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where 𝑘𝑘AL and 𝑣𝑣AL are the shape and scale parameters of the gamma distribution, respectively. The 
equation gives the integral of the gamma distribution between the start and end of day 𝑡𝑡𝑑𝑑. The number 
of children leaving state 𝑃𝑃AL1 each day is therefore: 𝑟𝑟𝑝𝑝AL(𝑡𝑡𝑑𝑑)𝑃𝑃AL1(0) where all the children are in state 
𝑃𝑃AL1 at 𝑡𝑡𝑑𝑑 = 0. 

Prophylaxis prevents the emergence of blood stage infections from the liver but does not prevent 
infection with sporozoites, nor liver-stage infection. After the AL prophylaxis wanes, children move 
to a susceptible state 𝑆𝑆. We assume a constant force of infection, and therefore a constant rate of new 
blood stage infection, rather than explicitly including a latent period, in line with previous work.1 That 
is, children can experience a malaria episode as soon as they transition to the susceptible state. 

We model the incidence of both uncomplicated and more severe episodes of malaria requiring 
hospitalisation in the cohort. The total incidence of these symptomatic episodes occurs at a rate equal 
to the product of the local entomological inoculation rate (EIR), the probability that an infectious bite 
leads to infection 𝑏𝑏, the probability of developing symptoms of clinical disease (total uncomplicated 
and severe) φ and the relative exposure to mosquito bites among the post-discharge group of children 
ξ (Table 1, main text).  

We further allow that the risk of symptomatic malaria per infectious bite could decline over time since 
hospital discharge and allow total incidence in the cohort to be scaled by a Weibull survival curve: 
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where 𝑡𝑡𝑑𝑑 is the time since hospital discharge and the scale and shape parameters λrisk and ηrisk, are 
estimated. 

Furthermore, symptomatic malaria incidence is scaled by a similar functional form to that identified in 
previous analyses2,3 of the relationship of EIR and the probability of symptomatic malaria: 

𝑒𝑒−𝑤𝑤EIR 

where the parameter 𝑤𝑤 is estimated. The total incidence of symptomatic malaria in the placebo group 
inc𝑑𝑑 at a given local EIR, and a given time since discharge 𝑡𝑡𝑑𝑑 is therefore: 
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Upon developing symptoms, we allowed a two-day delay for treatment seeking (1/𝑟𝑟UM), after which 
uncomplicated cases (state 𝑇𝑇𝑈𝑈) receive 13 days of AL post-treatment prophylaxis (dur𝑃𝑃AL) as 
described above. This 15-day period was modelled as a fixed duration (durTU), both for 
computational efficiency and because AL is estimated to have a sharp drop off in protection rather 
than a gradual decline (Figure S1). We assumed all symptomatic malaria episodes during follow-up 
were treated with AL in both trial arms, since study clinics were set up and financial reimbursement 
was given to cover costs of treatment seeking4 (probability of treatment 𝑓𝑓𝑇𝑇 = 1). The drug efficacy, 
i.e. the probability of successful parasite clearance and protection after AL is denoted 𝑒𝑒AL. Recovered 
cases return to the S state. The proportion of uncomplicated cases who fail treatment (1 − 𝑒𝑒AL) remain 
in the S state and their episode is also counted in the model output. A proportion 𝜃𝜃 of the total 
symptomatic malaria cases require hospitalisation. These enter a treated severe state 𝑇𝑇𝑠𝑠 with a fixed 
duration of 18 days in total (durTS), which includes 2 days treatment seeking, a mean hospital stay of 
3 days (dur𝐻𝐻) based on the trial data4 and 13 days of AL prophylaxis post-discharge.  

We track children in the PDMC trial arm separately and denote their states: 𝑆𝑆′, 𝑃𝑃AL1′ , 𝑇𝑇𝑈𝑈′ , 𝑇𝑇𝑠𝑠′. The model 
describing these children is the same as the placebo group except for additional PDMC protection 
against uncomplicated and hospitalised episodes. PDMC is given as three full courses of 
dihydroartemisinin-piperaquine (DP) starting at the beginning of weeks 2, 6 and 10 post-discharge. 
Each course contains 3 daily doses of DP, so that the full PDMC intervention contains 9 doses in total, 
given as 3 courses of 3 days each. The efficacy of DP is denoted 𝑒𝑒DP. We modelled DP prophylaxis as 
a probability of prevention of reinfection, 𝑝𝑝𝑝𝑝DP that declines over time since treatment, using a Weibull-
survival function which drops to 50% protection after 25 days, based on previous fitting to clinical trial 
data:5  
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where 𝑡𝑡𝐷𝐷𝐷𝐷 is the time since the last PDMC treatment, 𝑝𝑝ad is the probability of adhering to the current 
course of DP while λDP and ηDP represent the scale and shape parameters of the Weibull distribution. 
The efficacy of DP is high (99%) and adherence during the trial is also high (97.3-99.0%). During 
model fitting, we therefore chose to simply reduce the probability of protection proportionately to the 
efficacy and adherence (as shown in the equation above) for computational efficiency, rather than 
separately track children who do not receive protection from one of the DP courses.  We allowed for 
different adherence to each of the 3 courses of PDMC 𝑝𝑝ad1, 𝑝𝑝ad2, 𝑝𝑝ad3. We incorporated the 
measured percentage of children adhering to treatment in the trial setting4 when fitting to the trial data 
(Table 1, main text). For simplicity, we assumed that for each course of PDMC, caregivers either gave 
all 3 doses or none, which was relatively consistent with observations during implementation (only 
1.5% of children received 1-2 doses of DP per treatment course, with the remainder taking all or 
none).   

We further explored whether the probability of a symptomatic malaria episode being severe enough to 
require hospitalisation, 𝜃𝜃, could be different in children with active PDMC drug protection (𝜃𝜃2) 
compared to children without (𝜃𝜃1). We defined active drug protection as inhibitory drug levels 
providing >1% probability of protection. 

In the model, we incorporated the number of children recruited in each trial site to each trial arm, and 
the loss to follow up in each group. At the time a child was lost to follow up (due to leaving the study, 
or dying) we reduced the total population accordingly in all model states in that trial site and arm. E.g. 
if there were 100 children on day 𝑡𝑡𝑑𝑑 − 1, and 99 on day 𝑡𝑡𝑑𝑑, we multiply the numbers in all model 
states on day 𝑡𝑡𝑑𝑑 − 1 by 0.99 to obtain the numbers still present on day 𝑡𝑡𝑑𝑑. 



The model was written in discrete time using daily time steps, with 𝑡𝑡𝑑𝑑 being the time since hospital 
discharge. The cohort model is run for 25 weeks to match the follow up duration in the data. All rates 
were converted to daily transition probabilities using the equation: 

𝑦𝑦 = 1 − 𝑒𝑒−𝑟𝑟 

where y is the transition probability and r is the daily rate.6 The incidence of all symptomatic episodes 
per day, inc𝑑𝑑, was converted to the probability of an episode by the end of the day 𝑦𝑦𝑑𝑑. 

The full system of equations for the placebo group is as follows: 

 

𝑃𝑃AL1(𝑡𝑡𝑑𝑑) = 𝑃𝑃AL1(𝑡𝑡𝑑𝑑 − 1) − 𝑟𝑟𝑝𝑝AL(𝑡𝑡𝑑𝑑 − 1)𝑃𝑃AL1(0) 

𝑆𝑆(𝑡𝑡𝑑𝑑) = 𝑆𝑆(𝑡𝑡𝑑𝑑 − 1) + 𝑟𝑟𝑝𝑝AL(𝑡𝑡𝑑𝑑 − 1)𝑃𝑃AL1(0) − 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − 1)
+ 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTU)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − durTU)[1− θ 1]
+ 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTS)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − durTS)θ 1 

𝑇𝑇𝑈𝑈(𝑡𝑡𝑑𝑑) = 𝑇𝑇𝑈𝑈(𝑡𝑡𝑑𝑑 − 1) +  𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − 1)[1 − θ 1]
− 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTU)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − durTU)[1− θ 1] 

𝑇𝑇𝑆𝑆(𝑡𝑡𝑑𝑑) = 𝑇𝑇𝑆𝑆(𝑡𝑡𝑑𝑑 − 1) + 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − 1)θ 1 − 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTS)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − durTS)θ 1 

 

The system of equations for the PDMC intervention group is: 

𝑃𝑃AL1′ (𝑡𝑡𝑑𝑑) = 𝑃𝑃AL1′ (𝑡𝑡𝑑𝑑 − 1) − 𝑟𝑟𝑝𝑝AL(𝑡𝑡𝑑𝑑 − 1)𝑃𝑃AL1′ (0) 

𝑆𝑆′(𝑡𝑡𝑑𝑑) = 𝑆𝑆′(𝑡𝑡𝑑𝑑 − 1) + 𝑟𝑟𝑝𝑝AL(𝑡𝑡𝑑𝑑 − 1)𝑃𝑃AL1′ (0) − 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − 1)[1 − 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad]
+ 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTU)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − durTU)[1− θ ] [1 − 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad]
+ 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTS)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − durTS)θ [1 − 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad] 

𝑇𝑇𝑈𝑈′ (𝑡𝑡𝑑𝑑) = 𝑇𝑇𝑈𝑈′ (𝑡𝑡𝑑𝑑 − 1) +  𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − 1)[1 − θ ][1 − 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad]
− 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTU)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − durTU)[1− θ ][1 − 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad] 

𝑇𝑇𝑆𝑆′(𝑡𝑡𝑑𝑑) = 𝑇𝑇𝑆𝑆′(𝑡𝑡𝑑𝑑 − 1) + 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − durTS)θ [1− 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad]
− 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − durTS)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − durTS)θ [1 − 𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad] 

 

At 𝑡𝑡𝑑𝑑 = 0, all individuals in the placebo arm start in state 𝑃𝑃AL1 and all individuals in the PDMC arm 
start in state 𝑃𝑃AL1′ . The protection from PDMC, 𝑝𝑝𝑝𝑝DP, is 0 before day 14. The time since PDMC, 𝑡𝑡DP, 
is 𝑡𝑡𝑑𝑑 − 14 between follow up days 14-42, 𝑡𝑡𝑑𝑑 − 42 between day 42-70, and 𝑡𝑡𝑑𝑑 − 70 thereafter. The 
proportions of children adhering to PDMC 𝑝𝑝ad during these 3 time periods are 𝑝𝑝ad1, 𝑝𝑝ad2 and 𝑝𝑝ad3, 
respectively (Table S1). The probability of a symptomatic episode being more severe and requiring 
hospitalisation, θ, is θ2 when the child is protected by DP with probability of protection 𝑝𝑝𝑝𝑝DP > 0.01 
and θ1 when 𝑝𝑝𝑝𝑝DP ≤ 0.01. 

 

Model fitting and validation 

We obtained prior estimates for the EIR in the areas surrounding each hospital in the post-discharge 
studies. Since EIR is not a commonly measured metric, we generated modelled EIR from the average 
of parasite prevalence estimates in 2-10 year olds within a 20 km radius of each hospital using our 



pre-existing transmission model.3,7 These parasite prevalence estimates are from the Malaria Atlas 
Project (MAP) global map8 averaged over the years 2016-2018, when the trial was conducted. We 
used these EIR estimates as semi-informative prior medians, assuming a gamma distribution with 
10% coefficient of variation (Table S1). 

As described above, we estimated the total incidence of uncomplicated plus hospitalised malaria 
episodes as the product of the local EIR, the probability that an infectious bite leads to infection 𝑏𝑏, the 
probability of symptoms (total uncomplicated and severe) φ and the relative exposure to mosquito 
bites among the post-discharge group of children ξ  (Table 1). Children usually experience lower 
exposure to bites than adults simply due to having lower body surface area.9 However, it is unknown 
whether exposure among the post-discharge group is higher or lower than among other children of the 
same age in the general population. During the initial analysis we noticed that the maximum incidence 
of symptomatic malaria in the post-discharge children could be slightly higher than the expected 
average EIR  (see also Figure S6), and hence we introduced the term ξ  allowing a different exposure 
in this group of children. We set the allowed range for 𝑏𝑏φξ between 0 and 2, so that the maximum 
incidence could not be more than 2-fold higher than the average EIR. 

We also estimated the unknown parameters describing the relationship between the risk of an episode 
per infectious bite, EIR and time post-discharge described above (λrisk, ηrisk , 𝑤𝑤) using 
uninformative priors (Table S1). The parameters describing the proportion of episodes requiring 
hospitalisation in children without PDMC and with active PDMC protection (see above), 𝜃𝜃, were 
given a uniform prior between 0-1. 

Model fitting was undertaken using MCMC in the RStan software version 2.21.2.10 The expected 
number W of children experiencing an event of type q was modelled each day, with the 4 possible 
event types being uncomplicated cases in the placebo group, uncomplicated cases in the PDMC 
group, hospitalised cases in the placebo group, and hospitalised cases in the PDMC group. 

The expected number of uncomplicated malaria cases on day 𝑡𝑡𝑑𝑑 in a given site in the placebo group 
(event type q=1) was calculated as: 

𝑊𝑊1(𝑡𝑡𝑑𝑑) = 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − 1)[1 − θ 1] 

and in the PDMC group (event type q=2) as: 

𝑊𝑊2(𝑡𝑡𝑑𝑑) = 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − 1)[1 − θ  ]�1− 𝑝𝑝𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad� 

where the probability of a symptomatic episode being more severe and requiring hospitalisation in the 
PDMC group, θ, is θ2 when the child is protected by DP with probability of protection 𝑝𝑝𝑝𝑝DP > 0.01 
and θ1 when 𝑝𝑝𝑝𝑝DP ≤ 0.01. 

while the daily expected number of hospitalised malaria cases was calculated in the placebo group 
(event type q=3) as: 

𝑊𝑊3(𝑡𝑡𝑑𝑑) = 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆(𝑡𝑡𝑑𝑑 − 1)θ 1 

and in the PDMC group (event type q=4) as: 

𝑊𝑊4(𝑡𝑡𝑑𝑑) = 𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑 − 1)𝑒𝑒AL𝑆𝑆′(𝑡𝑡𝑑𝑑 − 1)θ �1− 𝑝𝑝𝑝𝑝DP(𝑡𝑡DP)𝑝𝑝ad� 

The daily observed number of events X of type q on day 𝑡𝑡𝑑𝑑, using the same annotation, are assumed to 
follow a negative binomial distribution with mean 𝑊𝑊𝑞𝑞 and shape k: 

𝑋𝑋𝑞𝑞(𝑡𝑡𝑑𝑑) ~ Negative binomial(𝑊𝑊𝑞𝑞(𝑡𝑡𝑑𝑑),𝑘𝑘) 



Parameter estimates and posterior distributions were very similar if a Poisson versus a negative 
binomial distribution were assumed, but the maximum likelihood was higher for the negative 
binomial fit. We fit to incidence data from weeks 1-25 of follow up and excluded the final week of 
follow up (week 26) due to anomalous results. The recorded incidence of uncomplicated malaria was 
much higher in the last week of follow up than in any other week and was a clear outlier (Figure S7). 
This was driven by cases from the trial site in Jinja only.  

 Population modelling of PDMC demand and impact in different epidemiological settings 

To estimate PDMC demand and impact in different geographic areas, we combined information from 
the following databases and models. Modelled estimates were used due to the lack of complete 
primary country-level data. 

1) Incidence of hospitalised SMA in the general population of 3 month -9 year olds in relation to 
parasite prevalence, as modelled by Paton et al11 based on data from Kenya, Tanzania and 
Uganda. 

2) Parasite prevalence in 2-10 year olds in country subnational regions from the Malaria Atlas 
Project.8,12  

3) The incidence of  uncomplicated and hospitalised malaria in 0-5 year olds in the 6 months 
after discharge from hospital following a severe anaemia episode, in relation to EIR, from our 
current analysis of the Kwambai et al4 study (Figures 2 & 3, main text). 

4) A well-established transmission model2,3,7 (Imperial College London; ‘IC model’). This was 
used to translate between key metrics in the above model inputs: (a) EIR and prevalence in 2-
10 year olds, (b) the incidence of SMA in 0-5 year olds relative to 0-10 year olds. The model 
was also used to obtain seasonal variation in incidence over an average year for sensitivity 
analysis. This model has been calibrated against a wide range of epidemiological data,3 
including hospitalised malaria incidence in different transmission settings and age groups.13 
The hospitalised malaria component was previously fitted to incidence data from nine sites in 
different African countries where populations were considered to have good transport 
networks to hospital and lived a maximum of 19 km away.13 The model was also calibrated to 
hospitalised SMA data. 

5) Population estimates for 2019 from WorldPop.14  

 

We constructed a population model tracking SMA in all under five year olds which incorporated the 
different sources of information 1-4 (Figure S2). The post-discharge cohort as described above was 
embedded within this model, and we also allowed for additional detail and factors that are different 
outside the trial setting. These include the possibility of not going to hospital and not receiving 
effective treatment for uncomplicated malaria. The model also allows that SMA increases risk of 
future SMA in an iterative process, which results in episodes being more concentrated in particular 
individuals. We stratify the population of under five year olds into ‘low-risk’: those who have not 
experienced an SMA episode in the last 6 months, and ‘high-risk’: those who have had SMA and are 
at higher risk of subsequent malaria episodes. We now refer to the latter group as ‘post-SMA’ rather 
than ‘post-discharge’, since they may not all have accessed hospital care for the original episode. We 
further stratify the model into groups depending on the different number of PDMC doses received. 
We assume that the high-risk post SMA group is described well by the post-discharge cohort model 
above. That model was calibrated to data on severe anaemia patients from the trial4 who did not all 
have malaria, however this group without malaria was a minority (15% of the cohort). 

Children transition through the model as follows. Those in the low-risk group, i.e. who have not 
experienced SMA in the past 6 months, are in state G and new SMA episodes occur in this group at 
rate inc𝑔𝑔SMA. SMA cases have a probability of accessing hospital care, 𝑝𝑝𝐻𝐻. Those who are 



hospitalised enter state H with a fixed 3-day stay in hospital and have a probability of dying, 𝑞𝑞SMAH. 
Those who survive then follow a near-identical process to those in the post-discharge cohort model 
described earlier. We assume that all hospitalised individuals receive AL at discharge as per standard 
severe malaria guidelines and we model this as a fixed 13-day period of protection in state 𝑃𝑃AL1. 
Children who do not receive PDMC follow the same path as those in the post-discharge cohort model 
placebo group described previously. Children who receive PDMC but do not then take the first dose 
enter state 𝑆𝑆𝐻𝐻 (susceptible, previously received PDMC). That is, they experience new symptomatic 
malaria episodes at rate inc𝑑𝑑, dependent on EIR and time since discharge. The trial settings only 
included areas with transmission intensity up to EIR of around 30 per year (Figure 3, main text). Since 
the relationship between EIR and post-discharge incidence of malaria is unknown for higher EIRs, we 
assumed that post-discharge incidence would plateau at EIR=30 and not increase further nor decrease 
in higher transmission settings (only 3.8% of regions modelled have an estimated EIR>30). During 
these episodes children have a probability of requiring hospitalisation θ  and a probability 1 − θ  of 
having uncomplicated malaria that only requires an outpatient visit. In contrast to the trial setting, we 
assume the proportion of children receiving treatment for uncomplicated episodes 𝑓𝑓𝑇𝑇, is <100%. 
Likewise, of those who would have been hospitalised in the trial, the proportion 𝑝𝑝𝐻𝐻 who access 
hospital care now is <100%. Given lack of data on the probability of accessing hospital care, we 
assume 𝑝𝑝𝐻𝐻 is the same for lower risk and higher risk children, and for different types of severe 
malaria. We vary the assumed value of 𝑝𝑝𝐻𝐻 from 30-70% based on the recent CARAMAL study 
tracking children with suspected severe malaria in community settings.15 We also assume that the 
probability of hospitalisation is not related to previous hospitalisation status. If children access 
hospital care they enter state 𝑇𝑇𝑆𝑆 as above, or if they receive AL for uncomplicated malaria they enter 
state 𝑇𝑇𝑈𝑈. After fixed durations they return to the susceptible 𝑆𝑆𝐻𝐻 state. 

In this population model, episodes of SMA occur at many time points and children enter the post-
SMA state at different times, unlike in the cohort model described above. In order to track the time 
since SMA for the purpose of modelling changing risk, we separated the children in the high-risk 
groups into daily compartments from week 3 (when they enter the susceptible state after AL 
protection ends) up to 25 weeks post-SMA, resulting in 161 high risk days (𝑛𝑛HR). We assume the 
percentage of episodes requiring hospitalisation which have SMA during this time (𝑝𝑝SMA) is the same 
as during the trial4 (SMA episodes / total hospitalised malaria episodes = 44%). Those who 
experience recurrent SMA during the high-risk period once again have probability of hospitalisation 
𝑝𝑝𝐻𝐻 and subsequently return to the beginning of the high-risk period. After 25 weeks, children return to 
the low-risk G state if they have not experienced any more SMA episodes.  

PDMC is given to hospitalised children at discharge with probability zPDMC (i.e. PDMC coverage). 
The probabilities of adherence to each of the 3 PDMC courses on days 14, 42 and 70 post-discharge 
are 𝑝𝑝ad1, 𝑝𝑝ad2 and 𝑝𝑝ad3. We assumed the same adherence as observed during a recent PDMC 
implementation trial in Malawi,16 where all 3 PDMC courses were given to caregivers at the time of 
discharge from hospital without further adherence reminders (Table 1, main text). Children could 
therefore miss a PDMC course, for example, taking PDMC course 1 at day 14 and course 3 at day 70, 
but missing the day 42 course. However as above, we assume they do not take partial PDMC courses 
(i.e. they always either take the full course of 3 doses, or none). Children receiving PDMC have a 
probability of protection against reinfection provided by DP which changes by day since treatment 
according to the Weibull survival curve described earlier. We stratify the model according to the 
different PDMC courses that children may receive. For example, children enter state PDMC1 if they 
get the first course or remain in the susceptible high-risk state 𝑆𝑆𝐻𝐻 if not. From these states, they then 
transition to state PDMC2 only if they receive the second PDMC course, and state PDMC3 only if they 
receive the third course. For example, children who only received the first course would remain in 
state PDMC1, where the probability of protection declines to zero over time, so that children in this 
state eventually acquire the same risk as those with no PDMC in state 𝑆𝑆𝐻𝐻 (at the equivalent time after 



the original SMA episode). The probability of protection at time j since discharge in states PDMC1, 
PDMC2, and PDMC3 is denoted 𝑝𝑝𝑝𝑝DP1, 𝑝𝑝𝑝𝑝DP2 and 𝑝𝑝𝑝𝑝DP3.  

A proportion of SMA cases (1 − 𝑝𝑝𝐻𝐻) do not access hospital care and they enter state 𝐷𝐷𝐶𝐶 (disease in 
the community). Those who survive transition from 𝐷𝐷𝐶𝐶 to the susceptible high-risk post-SMA state 𝑆𝑆𝐶𝐶 
(susceptible, community, did not receive PDMC) at the same time that those who were hospitalised 
enter the susceptible state 𝑆𝑆𝐻𝐻 post-discharge. Little is known about disease progression outside 
hospital. Due to lack of data, we do not model any recurrent malaria episodes in state 𝐷𝐷𝐶𝐶. This 
assumption has no effect on the comparison of the modelled scenarios with and without PDMC 
intervention since SMA cases outside hospital would be unaffected by PDMC. Children who are 
hospitalised with SMA and do not receive PDMC also enter state 𝑆𝑆𝐶𝐶 after their period of AL 
protection is ended. 

The full system of equations for the population model at time t is below. It was coded using discrete 
daily time steps to be consistent with the post discharge cohort model. All children begin in state G at 
time 0 and then the model is run to equilibrium. The high risk, post-SMA states 𝑆𝑆𝐻𝐻, 𝑆𝑆𝐶𝐶, PDMC1, 
PDMC2, PDMC3, 𝑇𝑇𝑆𝑆, 𝑇𝑇𝑈𝑈 are 2D arrays containing the number of individuals in the state at time t and 
day 𝑗𝑗. 

The total SMA cases at time t is: 

𝐶𝐶SMA(𝑡𝑡) = 𝑦𝑦𝑔𝑔SMA𝐺𝐺(𝑡𝑡 − 1)

+ �𝑦𝑦𝑑𝑑(𝑗𝑗)𝑝𝑝SMA

𝑛𝑛HR

𝑗𝑗=1

�𝜃𝜃1𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗) + 𝜃𝜃1𝑆𝑆𝐶𝐶(𝑡𝑡 − 1, 𝑗𝑗)

+ ��1 − 𝑝𝑝𝑝𝑝DP𝑘𝑘(𝑗𝑗)�𝜃𝜃PDMC𝑘𝑘(𝑡𝑡 − 1, 𝑗𝑗)
3

𝑘𝑘=1

� 

where 𝜃𝜃 is the risk of developing disease requiring hospitalisation among symptomatic cases and is 
equal to 𝜃𝜃1 or 𝜃𝜃2 depending whether the probability of protection from DP is currently less than or 
more than 0.01 in each PDMC state, respectively. 𝑦𝑦𝑔𝑔SMA is the risk of having a new SMA episode per 
day in the G state, calculated from inc𝑔𝑔SMA in the same way that 𝑦𝑦𝑑𝑑 was calculated from inc𝑑𝑑 above. 

The total number of other malaria cases without severe anaemia who require hospitalisation in the 
high-risk group at time t and on day j is then similarly: 

𝐶𝐶𝑆𝑆(𝑡𝑡, 𝑗𝑗) = 𝑦𝑦𝑑𝑑(𝑗𝑗)[1 − 𝑝𝑝SMA] �𝜃𝜃1𝑆𝑆𝐻𝐻(𝑡𝑡, 𝑗𝑗) + 𝜃𝜃1𝑆𝑆𝐶𝐶(𝑡𝑡, 𝑗𝑗) + ��1− 𝑝𝑝𝑝𝑝DP𝑘𝑘(𝑗𝑗)�𝜃𝜃PDMC𝑘𝑘(𝑡𝑡, 𝑗𝑗)
3

𝑘𝑘=1

  � 

 

We do not track non-SMA severe cases in the general population, since we are specifically interested 
in the effect of SMA in increasing future risk, and there is no specific evidence that other types of 
severe malaria do so. The equations for the state variables are: 

𝐺𝐺(𝑡𝑡) = 𝐺𝐺(𝑡𝑡 − 1) − 𝑦𝑦𝑔𝑔SMA𝐺𝐺(𝑡𝑡 − 1) + [1 − 𝑦𝑦𝑑𝑑(𝑛𝑛HR)][𝑆𝑆𝐻𝐻(𝑡𝑡 − 1,𝑛𝑛HR) + 𝑆𝑆𝐶𝐶(𝑡𝑡 − 1,𝑛𝑛HR) +
PDMC1(𝑡𝑡 − 1,𝑛𝑛HR) + PDMC2(𝑡𝑡 − 1,𝑛𝑛HR) + PDMC3(𝑡𝑡 − 1,𝑛𝑛HR)] + 𝑇𝑇𝑈𝑈(𝑡𝑡 − 1,𝑛𝑛HR) +
𝑇𝑇𝑆𝑆(𝑡𝑡−,𝑛𝑛HR) + +𝑝𝑝𝐻𝐻[𝑞𝑞SMAH𝐶𝐶SMA(𝑡𝑡 − 1) + 𝑞𝑞𝐻𝐻𝐶𝐶𝑆𝑆(𝑡𝑡 − 1)] + [1 − 𝑝𝑝𝐻𝐻][𝑞𝑞SMAC𝐶𝐶SMA(𝑡𝑡 − 1) +
𝑞𝑞𝐶𝐶𝐶𝐶𝑆𝑆(𝑡𝑡 − 1)]       

 

𝐻𝐻(𝑡𝑡) = 𝐻𝐻(𝑡𝑡 − 1) + 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH]𝐶𝐶SMA(𝑡𝑡 − 1) − 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH]𝐶𝐶SMA(𝑡𝑡 − dur𝐻𝐻) 



𝐷𝐷𝐶𝐶 = 𝐷𝐷𝐶𝐶(𝑡𝑡 − 1) + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞SMAC]𝐶𝐶SMA(𝑡𝑡 − 1) − [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞SMAC]𝐶𝐶SMA(𝑡𝑡 − durTS) 

𝑃𝑃AL1(𝑡𝑡) = 𝑃𝑃AL1(𝑡𝑡 − 1) + 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH]𝐶𝐶SMA(𝑡𝑡 − dur𝐻𝐻) − 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH]𝐶𝐶SMA(𝑡𝑡 − durTS) 

 

For j=0: 

𝑆𝑆𝐻𝐻(𝑡𝑡, 0) = 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH] 𝑧𝑧PDMC[1− 𝑝𝑝ad1]𝐶𝐶SMA(𝑡𝑡 − durTS) 

𝑆𝑆𝐶𝐶(𝑡𝑡, 0) = �𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH][1− 𝑧𝑧PDMC] + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞SMAC]�𝐶𝐶SMA(𝑡𝑡 − durTS) 

PDMC1(𝑡𝑡, 0) = 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞SMAH] 𝑧𝑧PDMC𝑝𝑝ad1𝐶𝐶SMA(𝑡𝑡 − durTS) 

PDMC2(𝑡𝑡, 0) = PDMC3(𝑡𝑡, 0) = 𝑇𝑇𝑈𝑈(𝑡𝑡, 0) = 𝑇𝑇𝑆𝑆(𝑡𝑡, 0) = 0 

 

The state variables at time t and on day j since entering the high-risk state are as follows. We use 
indicator variables 𝑖𝑖𝑗𝑗 which are 1 on day j and 0 otherwise.  𝑖𝑖PMC2 and 𝑖𝑖PMC3 are indicator variables 
that are 1 on the days that the 2nd or 3rd course of PDMC begins, and 0 otherwise, and 𝑝𝑝ad is  𝑝𝑝ad1, 
𝑝𝑝ad2and 𝑝𝑝ad3 for the 1st, 2nd and 3rd courses of PDMC. 

 

For j>0: 

𝑆𝑆𝐶𝐶(𝑡𝑡, 𝑗𝑗) = 𝑆𝑆𝐶𝐶(𝑡𝑡 − 1, 𝑗𝑗 − 1) − 𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)θ1𝑝𝑝SMA(𝑡𝑡 − 1)𝑆𝑆𝐶𝐶(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)[1 − θ1]𝑓𝑓𝑇𝑇𝑒𝑒AL𝑆𝑆𝐶𝐶(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)θ1[1− 𝑝𝑝SMA] � 𝑝𝑝𝐻𝐻 + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL + [1 − 𝑝𝑝𝐻𝐻]𝑞𝑞𝐶𝐶  � 𝑆𝑆𝐶𝐶(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)[1− θ1]𝑓𝑓𝑇𝑇𝑒𝑒AL𝑆𝑆𝐶𝐶(𝑡𝑡 − durTU, 𝑗𝑗 − durTU) 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTS)θ1[1− 𝑝𝑝SMA]𝑝𝑝𝐻𝐻[1− 𝑞𝑞𝐻𝐻]𝑆𝑆𝐶𝐶(𝑡𝑡 − durTS, 𝑗𝑗 − durTS) 
+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)θ1[1 − 𝑝𝑝SMA][1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL𝑆𝑆𝐶𝐶(𝑡𝑡 − durTU, 𝑗𝑗 − durTU) 

 

𝑆𝑆𝐻𝐻(𝑡𝑡, 𝑗𝑗) = 𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) − 𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)θ1𝑝𝑝SMA(𝑡𝑡 − 1)𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)[1 − θ1]𝑓𝑓𝑇𝑇𝑒𝑒AL𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)θ1[1− 𝑝𝑝SMA]𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) � 𝑝𝑝𝐻𝐻 + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL + [1 − 𝑝𝑝𝐻𝐻]𝑞𝑞𝐶𝐶  � 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)[1− θ1]𝑓𝑓𝑇𝑇𝑒𝑒AL𝑆𝑆𝐻𝐻(𝑡𝑡 − durTU, 𝑗𝑗 − durTU) 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTS)θ1[1− 𝑝𝑝SMA]𝑝𝑝𝐻𝐻[1− 𝑞𝑞𝐻𝐻]𝑆𝑆𝐻𝐻(𝑡𝑡 − durTS, 𝑗𝑗 − durTS) 
+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)θ1[1 − 𝑝𝑝SMA][1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL𝑆𝑆𝐻𝐻(𝑡𝑡 − durTU, 𝑗𝑗 − durTU) 

−𝑖𝑖PMC2𝑝𝑝ad2𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑖𝑖PMC3𝑝𝑝ad3𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

  



PDMC1(𝑡𝑡, 𝑗𝑗) = PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1)
− 𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)𝜃𝜃𝑝𝑝SMA(𝑡𝑡 − 1)PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1− 𝑝𝑝𝑝𝑝DP1(𝑗𝑗 − 1)� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)[1 − 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1− 𝑝𝑝𝑝𝑝DP1(𝑗𝑗 − 1)� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)𝜃𝜃[1 − 𝑝𝑝SMA]PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1− 𝑝𝑝𝑝𝑝DP1(𝑗𝑗 − 1)� � 𝑝𝑝𝐻𝐻 + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL

+ [1 − 𝑝𝑝𝐻𝐻]𝑞𝑞𝐶𝐶� 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)[1− 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC1(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)�1− 𝑝𝑝𝑝𝑝DP1(𝑗𝑗 − durTU)� 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTS)𝜃𝜃[1 − 𝑝𝑝SMA]𝑝𝑝𝐻𝐻[1 − 𝑞𝑞𝐻𝐻]PDMC1(𝑡𝑡 − durTS, 𝑗𝑗 − durTS)�1− 𝑝𝑝𝑝𝑝DP1(𝑗𝑗 − durTS)� 
+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)𝜃𝜃[1 − 𝑝𝑝SMA][1 − 𝑞𝑞𝐻𝐻][1− 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC1(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)�1

− 𝑝𝑝𝑝𝑝DP1(𝑗𝑗 − durTU)� 

−𝑖𝑖PMC2𝑝𝑝ad2PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑖𝑖PMC3𝑝𝑝ad3PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

 

PDMC2(𝑡𝑡, 𝑗𝑗) = PDMC2(𝑡𝑡 − 1, 𝑗𝑗 − 1) + 𝑖𝑖PMC2𝑝𝑝ad2 � PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1) + 𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1)�  

− 𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)𝜃𝜃𝑝𝑝SMA(𝑡𝑡 − 1)PDMC2(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1− 𝑝𝑝𝑝𝑝DP2(𝑗𝑗 − 1)� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)[1 − 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC2(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1 − 𝑝𝑝𝑝𝑝DP2(𝑗𝑗 − 1)� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)𝜃𝜃[1 − 𝑝𝑝SMA]PDMC2(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1 − 𝑝𝑝𝑝𝑝DP2(𝑗𝑗 − 1)�[𝑝𝑝𝐻𝐻 + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL
+ [1 − 𝑝𝑝𝐻𝐻]𝑞𝑞𝐶𝐶] 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)[1− 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC2(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)�1− 𝑝𝑝𝑝𝑝DP2(𝑗𝑗 − durTU)� 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTS)𝜃𝜃[1 − 𝑝𝑝SMA]𝑝𝑝𝐻𝐻[1 − 𝑞𝑞𝐻𝐻]PDMC2(𝑡𝑡 − durTS, 𝑗𝑗 − durTS)�1− 𝑝𝑝𝑝𝑝DP2(𝑗𝑗 − durTS)� 
+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)𝜃𝜃[1 − 𝑝𝑝SMA][1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC2(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)�1

− 𝑝𝑝𝑝𝑝DP2(𝑗𝑗 − durTU)� 

−𝑖𝑖PMC3𝑝𝑝ad3PDMC2(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

 

   PDMC3(𝑡𝑡, 𝑗𝑗) = PDMC3(𝑡𝑡 − 1, 𝑗𝑗 − 1) + 𝑖𝑖PMC3𝑝𝑝ad3� 𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) + PDMC1(𝑡𝑡 − 1, 𝑗𝑗 − 1) +
PDMC2(𝑡𝑡 − 1, 𝑗𝑗 − 1)�  − 𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)𝜃𝜃𝑝𝑝SMA(𝑡𝑡 − 1)PDMC3(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1 − 𝑝𝑝𝑝𝑝DP3(𝑗𝑗 − 1)� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)[1 − 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC3(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1 − 𝑝𝑝𝑝𝑝DP3(𝑗𝑗 − 1)� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)𝜃𝜃[1 − 𝑝𝑝SMA]PDMC3(𝑡𝑡 − 1, 𝑗𝑗 − 1)�1 − 𝑝𝑝𝑝𝑝DP3(𝑗𝑗 − 1)�[𝑝𝑝𝐻𝐻 + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒AL
+ [1 − 𝑝𝑝𝐻𝐻]𝑞𝑞𝐶𝐶] 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)[1− 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC3(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)�1− 𝑝𝑝𝑝𝑝DP3(𝑗𝑗 − durTU)� 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTS)𝜃𝜃[1 − 𝑝𝑝SMA]𝑝𝑝𝐻𝐻[1 − 𝑞𝑞𝐻𝐻]PDMC3(𝑡𝑡 − durTS, 𝑗𝑗 − durTS)�1− 𝑝𝑝𝑝𝑝DP3(𝑗𝑗 − durTS)� 
+𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)𝜃𝜃[1 − 𝑝𝑝SMA][1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝐶𝐶]𝑓𝑓𝑇𝑇𝑒𝑒ALPDMC3(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)�1

− 𝑝𝑝𝑝𝑝DP3(𝑗𝑗 − durTU)� 

 



𝑇𝑇𝑈𝑈(𝑡𝑡, 𝑗𝑗) = 𝑇𝑇𝑈𝑈(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

+𝑦𝑦𝑑𝑑(𝑗𝑗 − 1)[1 − 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒AL �𝑆𝑆𝐻𝐻(𝑡𝑡 − 1, 𝑗𝑗 − 1) + 𝑆𝑆𝐶𝐶(𝑡𝑡 − 1, 𝑗𝑗 − 1)

+ ��1 − 𝑝𝑝𝑝𝑝DP𝑘𝑘(𝑗𝑗 − 1)�PDMC𝑘𝑘(𝑡𝑡 − 1, 𝑗𝑗 − 1)
3

𝑘𝑘=1

� 

−𝑦𝑦𝑑𝑑(𝑗𝑗 − durTU)[1− 𝜃𝜃]𝑓𝑓𝑇𝑇𝑒𝑒AL �𝑆𝑆𝐻𝐻(𝑡𝑡 − durTU, 𝑗𝑗 − durTU) + 𝑆𝑆𝐶𝐶(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)

+ ��1 − 𝑝𝑝𝑝𝑝DP𝑘𝑘(𝑗𝑗 − durTU)�PDMC𝑘𝑘(𝑡𝑡 − durTU, 𝑗𝑗 − durTU)
3

𝑘𝑘=1

� 

 

 

𝑇𝑇𝑆𝑆(𝑡𝑡, 𝑗𝑗) = 𝑇𝑇𝑆𝑆(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

+ � 𝑝𝑝𝐻𝐻[1 − 𝑞𝑞𝐻𝐻] + [1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝑐𝑐]𝑓𝑓𝑇𝑇𝑒𝑒AL� 𝐶𝐶𝑆𝑆(𝑡𝑡 − 1, 𝑗𝑗 − 1) 

−𝑝𝑝𝐻𝐻[1 − 𝑞𝑞𝐻𝐻]𝐶𝐶𝑆𝑆(𝑡𝑡 − durTS, 𝑗𝑗 − durTS) 

−[1 − 𝑝𝑝𝐻𝐻][1 − 𝑞𝑞𝑐𝑐]𝑓𝑓𝑇𝑇𝑒𝑒AL𝐶𝐶𝑆𝑆(𝑡𝑡 − durTU, 𝑗𝑗 − durTU) 

       

       

Population model calibration and simulation 

We calibrated the model of SMA in the whole population to different epidemiological settings as 
follows. For each subnational region of Africa, we obtained the parasite prevalence in 2-10 year olds 
from the Malaria Atlas project 2019 map,8,12 and from this, estimated EIR using the IC transmission 
model.2 We estimated the total incidence of hospitalised SMA for each area in children aged 3 
months-9 years using the recent relationship with parasite prevalence published by Paton et al.11 To 
convert this to incidence of hospitalised SMA in 0-5 year olds, we generated the ratio of SMA 
incidence in 3 month-9 year olds to 0-5 year olds in each parasite prevalence category (binned to the 
nearest 0.1% prevalence) using the IC transmission model. To obtain this ratio, the relationship of IC 
model-predicted SMA incidence with prevalence was smoothed using LOESS methods. 

We calibrated the model for each geographic area so that the total hospitalised SMA incidence was 
equal to the Paton et al estimate. We did this by varying the incidence of SMA in the low-risk 
children in the G state using the optim function in R.17 Given uncertainties about the probability of 
accessing hospital care, we varied the assumed percentage of  cases eligible for hospitalisation who 
would have accessed hospital care in the Paton et al. settings between 30, 50 and 70%. Likewise we 
then varied the proportion of cases accessing hospital care in all countries from 30-70%, so that the 
incidence of hospitalised SMA could be lower, the same, or higher than the Paton et al estimates for a 
given parasite prevalence (from 0.4-fold lower to 2.3-fold higher). We assumed that 50% of 
uncomplicated malaria episodes would have been treated in the settings studied in Paton et al, based 
on household survey data.18 We ran the model in the presence and absence of PDMC for each 
subnational area and estimated PDMC impact by comparing the two outputs.  

 



Supplementary Figures 

Figure S1. Drug protection against reinfection over time in placebo and PDMC trial arms in fully 
drug-adherent patients, using drug protection profiles estimated previously.1,5 Left: placebo arm 
individuals receive one course of AL at discharge i.e. day 0. Right: PDMC arm individuals 
additionally receive three courses of DP beginning at days 14, 42 and 70 post-discharge. Neither arm 
receives any further chemoprevention for the last months of follow up. 

 

 
Figure S2. Incidence of hospitalised SMA per 1000 person-years. Incidence in 3 month-9 year olds is 
plotted as in an original publication by Paton et al. Incidence in 0-5 year olds was estimated using the 
Paton et al. result combined with the relative incidence of SMA by age in the IC model (see 
supplementary text for details). 

 
  



Figure S3. Population model of SMA in all under five year olds. 



Figure S4. The estimated incidence of symptomatic malaria (uncomplicated & severe) declines over time since 
discharge. We plot the incidence of symptomatic malaria in the post-discharge cohort relative to EIR in adults 
(the term 𝑏𝑏φξ in Table S1, i.e. the probability that an infectious bite leads to infection 𝑏𝑏 , the probability of 
developing symptoms of clinical disease (total uncomplicated and severe) φ, and the relative exposure to 
mosquito bites among the post-discharge group of children ξ ). The line is the median model prediction and 
the shaded area indicates the 95% credible interval. 

 

Figure S5. The estimated incidence of symptomatic malaria (uncomplicated & severe) increases with EIR but 
the incidence per infectious bite is estimated to decline as EIR increases. We plot the relative incidence of 
symptomatic malaria per bite in the post-discharge cohort relative to EIR in adults (the term 𝑏𝑏φξ in Table S1, 
i.e. the probability that an infectious bite leads to infection 𝑏𝑏 , the probability of developing symptoms of 
clinical disease (total uncomplicated and severe) φ and the relative exposure to mosquito bites among the post-
discharge group of children ξ ). The line shows median model predictions and the shaded area shows the 95% 
credible intervals. 

 



Figure S6: EIR in 0-5-year olds versus observed total incidence of symptomatic malaria in 0-5 year old 
children per person per year in post-discharge studies, without PDMC (95% CI). EIR in 0-5-year olds is 
estimated to be 36% of that experienced by adults, as established in previous studies.3,9 Symptomatic malaria 
includes both uncomplicated (UM) and severe malaria (SM). Data are from the 9 trial hospitals in Kwambai et 
al.4 (K) and validation studies by Opoka et al.(O)19,20 described in the main text (see Tables S1 and S5 for 
data). The dashed line indicates the expected relationship if each bite led to a symptomatic malaria episode, 
and children who have recently had SMA have the same exposure to infectious bites as the average child in 
the 0-5 year age group. Usually only a fraction of infectious bites results in an infection in the body, and only a 
fraction of these lead to symptoms.3,21 The observed relationship suggests children experiencing SMA are 
more highly exposed to bites than the average child, and/or are more likely to become infected when bitten 
and experience symptoms. 

 

 

 

  



Figure S7. Cumulative number of uncomplicated and hospitalised malaria cases over time since initial hospital 
discharge in the PDMC trial. The upper lines in each plot show cases in the placebo group, while the lower 
lines are cases in the PDMC intervention group.  The final week highlighted in orange is an outlier with an 
unexpected number of uncomplicated cases in both trial and placebo arms. These higher numbers occurred just 
in one trial site in Jinja. We fit the model to incidence in weeks 1-25, excluding the final week 26. 

 

Figure S8. Posterior predictive checks of the model against data shown in Figure 2. Incidence of 
uncomplicated (left) and hospitalised (right) malaria in the placebo arm in weeks 3-14 post-discharge by trial 
hospital: data (red) with 95% CI, and the model medians (blue) with posterior predictive interval calculated 
using 1000 samples from the joint posterior distribution including the model-estimated variance. 
 

 
 
 



Figure S9. Sensitivity analysis of main text Figure 3D: varying the proportion of cases hospitalised. Assumptions are: (A) 30% of SMA cases were 
hospitalised in the Paton et al. study, to which the baseline incidence of SMA in this model was calibrated, and 70% of cases are hospitalised in the currently 
modelled setting; (B) 50% of cases hospitalised in Paton et al. and 50% in current model; (C) 70% of cases hospitalised in Paton et al. and 30% in current 
model. The total number of cases changes but the relative contribution of post-discharge cases to total disease burden in the absence of PDMC remains 
similar. PDMC has most impact in the scenario where we assume a low proportion hospitalised in Paton et al. and a higher proportion in the current model. 
 

 
 
 

  



Figure S10. Forecast PDMC demand: the estimated number of treatments required per year per 100 children aged 0-5 years in subnational (admin-1) regions 

of malaria-endemic countries. Calculations based on incidence of hospitalised SMA in 0–5-year-old children, assuming a 7.4% in-hospital case fatality rate. 

Panels A, B and C show the lowest, base scenario and highest forecasts of demand, respectively, based on varying assumptions about the proportion of 

patients with SMA that access hospital. 

 

 

 

 
 
 
 
 



Figure S11. Illustration of seasonal impact of PDMC in the model. The example output is from the 
model simulation of Burkina Faso Centre-Nord region. Predicted relative seasonal incidence of 
malaria is shown in black, taken from the IC model predictions (scaled relative to the mean). The 
predicted relative number of children protected with PDMC, and the relative mean protection among 
the post-discharge group are shown in blue and pink, for comparison. Due to the delay between 
becoming ill with SMA, and receiving malaria treatment (assumed 5 day hospital stay plus 2 week 
delay until the first week of DP is given), as well as the long duration of PDMC chemoprevention (3 
months), the protection falls only partly within the transmission season. 

  



Table S1: Model parameters: post discharge cohort model. 

Parameter Description Prior Posterior value (95% 

CrI) or fixed value 

Source 

EIR Annual EIR in adults for 
each trial site 
 
Siaya 
Kisumu 
Homa Bay 
Migori 
Jinja 
Hoima 
Masaka 
Mubende 
Kamuli 

gamma median 
(95% CI) 

 
28.0 (22.8-33.8) 

5.9 (4.8-7.1) 
14.5 (11.8-17.5) 

2.0 (1.7-2.4) 
13.8 (11.3-16.7) 

7.9 (6.5-9.6) 
4.7 (3.9-5.7) 
4.9 (4.0-6.0) 

28.8 (23.5-34.8) 

 
 
 

28.3 (23.5, 33.9) 
5.4 (4.4, 6.4) 

11.1 (8.9, 13.7) 
2.5 (2.1, 2.9) 

18.1 (15.5, 20.9) 
5.6 (4.6, 6.7) 
5.1 (4.3, 6.1) 
5.3 (4.4, 6.3) 

25.7 (18.6, 35.4) 
 

 
 
 
Source of 
prior means 
2,12 

𝑏𝑏 Probability of successful 
mosquito-to-human 
transmission per infectious 
bite in post-discharge period 
(episodes per infectious bite) 

- Estimated as part of 
the product 

 𝑏𝑏φξ 

- 

φ Proportion of new infections 
that are symptomatic  

- Estimated as part of 
the product 

𝑏𝑏φξ 

- 

ξ Exposure to infectious bites 
in post-discharge cohort 
relative to EIR in adults 

- Estimated as part of 
the product 

𝑏𝑏φξ 

- 

 𝑏𝑏φξ Maximum relative incidence 
of symptomatic malaria in 
post discharge cohort 
relative to EIR in adults 

Uniform (0,2) 1.02 (0.62, 1.86) This analysis 
 

𝑤𝑤 Rate parameter for the 
relationship of EIR with 
probability of symptomatic 
malaria post-discharge 

Half normal (0.0, 
1.0) 

0.028 (0.013, 0.042) This analysis 
 

𝜃𝜃1 
 

Probability of requiring 
hospitalisation post-
discharge among 
symptomatic malaria cases, 
not under active PDMC 
protection* 

Uniform (0,1) 0.38 (0.35, 0.42) This analysis 
 



Parameter Description Prior Posterior value (95% 

CrI) or fixed value 

Source 

𝜃𝜃2 
 

Probability of requiring 
hospitalisation post-
discharge among 
symptomatic malaria cases, 
under active PDMC 
protection* 

Uniform (0,1) 0.24 (0.16, 0.33) This analysis 
 

λrisk 

 

Scale parameter describing 
the decline in incidence 
over time post discharge 

Half normal  (0, 
500) 

109.7 (28.8, 189.6) This analysis 

 

ηrisk Shape parameter describing 
the decline in incidence 
over time post discharge 

Half normal  (0, 
500) 

0.65 (0.35, 1.32) This analysis 

 

𝑓𝑓𝑇𝑇  Proportion of symptomatic 
children who access 
antimalarial treatment 

fixed 1 (in post discharge 
trial) 

Assumption 

1/𝑟𝑟UM Days until treatment sought 
after developing first 
symptoms of malaria 

Fixed 2  

𝑒𝑒AL Efficacy of AL at clearing 
parasites 

fixed 0.98 22 

𝑒𝑒DP Efficacy of DP at clearing 
parasites 

fixed 0.99 22 

durTU Duration in state 𝑇𝑇𝑈𝑈, days fixed 15 1,23 

durTS Duration in state 𝑇𝑇𝑆𝑆, days fixed 18 1,4,23 

durPAL Duration of post-treatment 
prophylaxis provided by AL 

fixed 13 1 

dur𝐻𝐻 Duration of time in hospital 
for severe malaria, days 

fixed 3 4 

 Adherence: proportion 
taking each course of 
PDMC drugs in the trial 
setting 

 
  

4 

𝑝𝑝ad1 1st course fixed 1  
𝑝𝑝ad2 2nd course fixed 0.985  
𝑝𝑝ad3 3rd course fixed 0.973  



Parameter Description Prior Posterior value (95% 

CrI) or fixed value 

Source 

𝑘𝑘AL AL duration of protection: 
gamma shape parameter 

fixed 93.5 1 

𝑣𝑣AL AL duration of protection: 
gamma scale parameter 

fixed 0.139 1 

λDP DP duration of protection 
Weibull scale parameter 

fixed 28.1 5 

ηDP DP duration of protection 
Weibull shape parameter 

fixed 4.4 5 

inc𝑑𝑑 Incidence of symptomatic 
episodes of malaria per 
person per day 
(uncomplicated + more 
severe) post-discharge 

variable  fitted during this 

analysis 

𝑦𝑦𝑑𝑑(𝑡𝑡𝑑𝑑) Probability of a 
symptomatic malaria 
episode per person per day 
(uncomplicated + more 
severe) at time 𝑡𝑡𝑑𝑑 post-
discharge 

variable  determined by 
inc𝑑𝑑 

𝑝𝑝protectDP Probability of protection 
against re-infection by DP 
by day since treatment 

variable, 
dependent on 
time since 
treatment 

 determined by  
λDP and ηDP 

 

 

  



Table S2: Additional model variables and parameters used in the full population model of SMA not 
covered in Table S1. 
 

Variable or 

parameter 

Description Value Source 

𝐶𝐶SMA(𝑡𝑡) Number of new SMA cases 
on day t 

Variable current 
analysis 

𝐶𝐶𝑆𝑆(𝑡𝑡) Number of new, severe non-
SMA cases on day t (cases 
eligible for hospitalisation) in 
the high risk post-SMA states 

Variable current 
analysis 

𝑦𝑦𝑔𝑔SMA Probability of a symptomatic 
malaria episode per person 
per day (uncomplicated + 
severe) in the G state 

Variable current 
analysis 

𝑛𝑛HR Number of days in the high 
risk state from weeks 3-25 
after discharge 

161 current 
analysis 

𝑝𝑝SMA Probability of having SMA 
among severe episodes post-
discharge 

0.44 4 

𝑝𝑝𝐻𝐻 Probability of severe cases 
accessing hospital care 

Varied: 0.3, 
0.5, 0.7 

15 

𝑧𝑧PMC PDMC coverage: proportion 
of children given PDMC at 
hospital discharge 

1 Assumed 

𝑓𝑓𝑇𝑇 Proportion of symptomatic 
children who access 
antimalarial treatment 

0.5 

Outside trial 
settings 

18 

𝑞𝑞SMAH Case fatality rate: 
hospitalised SMA 

7.4% 24 

𝑞𝑞SMAC Case fatality rate: non-
hospitalised SMA 

14.8% derived from 

24,25 

𝑞𝑞𝐻𝐻 Case fatality rate: 
hospitalised non SMA severe 
malaria 

1.0% 25 

𝑞𝑞𝐶𝐶 Case fatality rate: severe 
malaria non-hospitalised 

2.0% derived from 

25 

𝑝𝑝ad Adherence: proportion taking 
all 3 doses of each course of 
PDMC drugs during routine 
implementation 
1st course (day 14) 
2nd course (day 42) 
3rd course (day 70) 

 
 
 
 

0.765 
0.879 
0.894 

16 



Table S3 As Table 1 in the main text but including seasonal variation in malaria incidence, for sensitivity analysis. Estimated PDMC impact and demand in 
sub-Saharan African countries. The ten high burden countries targeted by the WHO High Burden to High Impact strategy are shown first. We include only 
subnational regions with parasite prevalence in 2-10 year olds (PfPR2-10) > 10% according to WHO recommendations on PDMC. Estimates are shown for 
100% PDMC coverage and the lower adherence level observed in implementation studies. 

Country Population 
aged under 
five years 
in areas of 
PfPR2-10 
>10% 

Incidence of 
hospitalised severe 

malarial anaemia per 
100 person years in 0-

5-year-olds without 
PDMC (range*) 

Average number 
of hospitalised 

malaria episodes 
prevented per 
100 children 
given PDMC 

Number of children 
needed to treat with 
PDMC to prevent 
one hospitalised 
malaria episode† 

Number of children 
needed to treat with 
PDMC to prevent 
one malaria death 

(range)† 

Annual PDMC demand 
(range) 

HIGH BURDEN TO HIGH IMPACT COUNTRIES 
       
Burkina Faso 3,011,302 0.15 (0.11-0.25) 27.4 3.7 65 (57-75)  2,277 (972 - 5,332) 
Cameroon 3,694,640 0.25 (0.18-0.41) 20 5 89 (78-103)  4,398 (1,878 - 10,302) 
Democratic 
Republic of the 
Congo 20,216,757 0.32 (0.23-0.52) 33 3 54 (47-62) 31,884 (13,577 - 74,873) 
Ghana 4,362,206 0.18 (0.13-0.3) 20.8 4.8 85 (75-99)  3,845 (1,641 - 9,009) 
Mali 2,548,410 0.1 (0.07-0.17) 13.8 7.2 128 (113-148)  1,235 (528 - 2,888) 
Mozambique 4,149,401 0.3 (0.22-0.5) 40.2 2.5 44 (39-51)  6,325 (2,698 - 14,827) 
Niger 3,238,326 0.14 (0.1-0.23) 22 4.5 81 (71-93)  2,147 (918 - 5,024) 
Nigeria 31,310,407 0.27 (0.2-0.44) 33.4 3 53 (47-62) 41,445 (17,667 - 97,224) 
Tanzania 2,145,631 0.07 (0.05-0.12) 14.1 7.1 126 (111-146)    736 (315 - 1,721) 
Uganda 6,293,959 0.22 (0.16-0.37) 31.3 3.2 57 (50-66)  6,962 (2,965 - 16,347) 

OTHER MALARIA-ENDEMIC COUNTRIES 
Angola 4,577,253 0.16 (0.12-0.27) 22.2 4.5 80 (70-93)  3,632 (1,551- 8,505) 
Benin 2,089,789 0.38 (0.28-0.63) 37.3 2.7 48 (42-55)  3,984 (1,698 - 9,348) 
Burundi 1,290,817 0.15 (0.11-0.24) 19.3 5.2 92 (81-106)    904 (386 - 2,117) 
Central African 
Republic 942,760 0.36 (0.27-0.59) 39.5 2.5 45 (40-52)  1,714 (730 - 4,025) 
Chad 1,692,264 0.08 (0.06-0.13) 8.9 11.2 199 (176-230)    621 (266 - 1,452) 



Country Population 
aged under 
five years 
in areas of 
PfPR2-10 
>10% 

Incidence of 
hospitalised severe 

malarial anaemia per 
100 person years in 0-

5-year-olds without 
PDMC (range*) 

Average number 
of hospitalised 

malaria episodes 
prevented per 
100 children 
given PDMC 

Number of children 
needed to treat with 
PDMC to prevent 
one hospitalised 
malaria episode† 

Number of children 
needed to treat with 
PDMC to prevent 
one malaria death 

(range)† 

Annual PDMC demand 
(range) 

Cote d'Ivoire 4,024,794 0.34 (0.25-0.56) 32.8 3 54 (48-63)  6,789 (2,892 - 15,939) 
Equatorial Guinea 133,034 0.44 (0.32-0.73) 40.5 2.5 44 (39-51)    296 (126 - 697) 
Gabon 387,369 0.26 (0.19-0.42) 24.1 4.2 74 (65-85)    482 (206 - 1,131) 
Guinea 1,905,031 0.21 (0.15-0.35) 26.8 3.7 66 (58-76)  1,977 (844 - 4,631) 
Guinea-Bissau 29,867 0.07 (0.05-0.11) 11.1 9 160 (145-185)      9 (4 - 22) 
Kenya 1,954,633 0.17 (0.13-0.29) 25.4 3.9 70 (61-81)  1,659 (707 - 3,892) 
Liberia 642,712 0.38 (0.28-0.63) 39.9 2.5 44 (39-51)  1,236 (526 - 2,905) 
Malawi 2,699,188 0.12 (0.08-0.19) 22.3 4.5 80 (70-92)  1,524 (651 - 3,567) 
Mauritania 364,450 0.09 (0.06-0.14) 7.1 14.2 251 (220-290)    147 (63-   344) 
Republic of Congo 585,972 0.3 (0.22-0.49) 32.3 3.1 55 (48-64)    858 (366 - 2,016) 
Sierra Leone 947,825 0.31 (0.23-0.51) 40.9 2.4 43 (38-50)  1,476 (629 - 3,462) 
South Sudan 2,437,409 0.23 (0.17-0.38) 24.5 4.1 72 (64-84)  2,703 (1,153 - 6,338) 
Togo 1,262,166 0.22 (0.16-0.36) 24.2 4.1 73 (64-85)  1,352 (577 - 3,167) 
Zambia 1,920,552 0.11 (0.08-0.18) 25.8 3.9 69 (60-80)  1,036 (442 - 2,425) 
TOTAL 

 
    133,717 (57,003- 

313,680) 
* range obtained from varying the proportion of cases hospitalised from 30-70%.  
† Children are provided with full PDMC (3 courses of DP, each containing 3 doses) at discharge, but estimates allow for imperfect adherence in routine settings 



Table S4. Data and numbers underlying Figure 1a, main text. Case numbers observed in the trial and 
model predictions by trial arm, case type and follow up period. 

Trial 
arm 

Malaria case 
type 
 

Time period of follow up 
post-discharge (weeks) 

Observed case 
numbers in the trial 

Model median 
prediction (95% CI) 

PDMC Uncomplicated 3-14 68 66.7 (57.8-76.3) 
PDMC Uncomplicated 15-25 123 121.3 (107.9-134.6) 
PDMC Hospitalised 3-14 22 20.9 (14.2-29.3) 
PDMC Hospitalised 15-25 79 72.1 (63.4-81.5) 
Placebo Uncomplicated 3-14 249 252.7 (228.2-280.7) 
Placebo Uncomplicated 15-25 117 119.4 (105.7-133) 
Placebo Hospitalised 3-14 163 156.7 (138.9-177.4) 
Placebo Hospitalised 15-25 69 74 (64.8-83.8) 

 



Table S5 Data by site (including points underlying Figure 2, main text). Case numbers by hospital site, case type, trial arm, and weeks of follow up post-
discharge. Three studies in the last 3 rows provided rates in the placebo arms for model validation. 

  Number of cases Person-years of follow up 
 hospitalised uncomplicated  
 placebo PDMC placebo PDMC placebo PDMC 

Hospital site study 
3-14 

weeks 
15-25 
weeks 

3-14 
weeks 

15-25 
weeks 

3-14 
weeks 

15-25 
weeks 

3-14 
weeks 

15-25 
weeks 

3-14 
weeks 

15-25 
weeks 

3-14 
weeks 

15-25 
weeks 

Siaya  4 7 2 0 2 35 24 14 19 7.6 5.3 7.2 6.2 
Kisumu & Jaramogi 
Oginga Odinga 4 2 0 1 2 13 4 11 6 10.9 8.2 11.6 8.2 
Homa Bay  4 1 1 1 2 14 8 5 8 12 6.8 11.2 6 
Migori County  4 4 3 1 1 18 11 9 10 12.4 10.7 12.2 10.5 
Jinja  4 102 60 9 56 94 75 13 64 32.1 27.5 31.2 28.4 
Hoima  4 9 1 4 11 25 20 6 20 22.7 19.1 22.7 19.9 
Masaka  4 22 6 3 12 19 9 3 8 12.8 11.9 13.7 12.5 
Mubende  4 8 3 0 2 17 10 3 7 7.5 6.5 7.7 7.3 
Kamuli Mission 4 1 0 0 0 13 7 4 12 6.5 6 6.2 6.1 
Jinja  20 81 65 - - - - - - 63 58 - - 
Mulago 19 7 7 - - - - - - 23.6 30.6 - - 
Blantyre 26 53 46       110.9 175.6   
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