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Multiple Kind Lottery model
The multiple-kind lottery (MKL) model was employed to calculate the expected numbers of parasite species infection assemblages in each population. This model assumes:
1. Acquisition of infection is an independent event.
2. One possible outcome of exposure is no acquisition of infection.
In this context:
· p1,p2, and p3 represent the probabilities of infection by P. falciparum, P. malariae, and P. ovale, respectively.
· q1,q2, and q3​ represent the probabilities of absence of infection by P. falciparum, P. malariae, and P. ovale, respectively.
The expected frequency of infection patterns are calculated as follows:
· Infection by P. falciparum only: p1q2q3 ​
· [bookmark: _Hlk172198153]Infection by P. falciparum and P. malariae: p1p2q3
· Infection by P. falciparum and P. malariae and P. ovale: p1p2p3
· No infection: q1q2q3
· Chi-square values were computed using heterogeneity tests to compare observed values with these expected frequencies.
The multiple-kind lottery model is a valuable tool for understanding the dynamics of multispecies malaria infections and their potential implications for public health. However, researchers should consider its limitations and complement its findings with data from other approaches to gain a more comprehensive understanding of malaria parasite dynamics.
Understanding how multiple species interact, this model can inform the development of effective public health strategies, such as vaccination and drug treatment approaches.
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Supplementary Figure 1. Yearly malaria prevalence by polymerase chain reaction (PCR) and Microscopy. A) Ungoye. B) Mfangano island. Error bars represent 95% confidence intervals. No surveys were conducted in 2016.
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Supplemenatry Figure 2. Age-specific prevalence of Plasmodium spp. in Lake Victoria.  A) Age-specific prevalence by Polymerase chain reaction (PCR). B) Age-specific prevalence by Microscopy. The error bars represent a 95% confidence interval (CI). Abbreviations: Pf, Plasmodium falciparum; Pm, Plasmodium malariae, Po, Plasmodium ovale, PCR, Polymerase chain reaction.  *Overall, represents joint Plasmodium spp. prevalence by PCR in A and by microscopy in B.
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Description automatically generated]Suplementary Figure 3. The proportion of Plasmodium mono and mixed-species infections among the positive cases by polymerase chain reaction in Mfangano island (n=2709) and Ungoye (n=2260). The error bars represent a 95% confidence interval (CI). Abbreviations; CI, confidence interval; Pf, Plasmodium falciparum; Pm, Plasmodium malariae; Po, Plasmodium ovale.



Supplementary Table 1. Changes in the relative frequency of P. falciparum mono- and mixed infections, as well as non-falciparum infections over time evaluated using multinomial logistic regression. Adjusted relative risk ratios (RRR) of mono-infection, mixed, or non-falciparum mono infections each year of survey, relative to being uninfected(negative) at baseline in 2012.

	Pf mono-infection
	Pm mono-infection
	Po mono-infection
	Pf/Pm
	Pf/Po
	Pf/Pm/Po

	Year
	RRR
	95% CI
	P-value
	RRR
	95% CI
	P-value
	RRR
	95% CI
	P-value
	RRR
	95% CI
	P-value
	RRR
	95% CI
	P-value
	RRR
	95% CI
	P-value

	2012
	1.00
	…
	…
	1.00
	…
	…
	1.00
	…
	…
	1.00
	…
	…
	1.00
	…
	…
	1.00
	…
	…

	2013
	1.4
	1.18-1.67
	<0.001
	1.4
	0.69-2.87
	0.351
	1.66
	0.55-5.00
	0.366
	1.61
	1.25-2.06
	<0.001
	2.02
	1.25-3.27
	0.004
	3.13
	2.18-4.49
	<0.001

	2014
	0.93
	0.80-1.08
	0.385
	2.12
	1.26-3.58
	0.005
	2.57
	1.10-6.00
	0.028
	1.34
	1.08-1.66
	0.007
	1.31
	0.83-2.06
	0.246
	2.01
	1.43-2.82
	<0.001

	2015
	0.91
	0.78-1.07
	0.256
	1.35
	0.77-2.38
	0.290
	2.72
	1.16-6.41
	0.022
	1.83
	1.45-2.30
	<0.001
	1.50
	0.92-2.44
	0.103
	3.09
	2.12-4.52
	<0.001

	2017
	1.07
	0.92-1.24
	0.364
	2.18
	1.31-3.64
	0.003
	4.58
	2.11-9.93
	<0.001
	2.07
	1.69-2.54
	<0.001
	1.68
	1.08-2.61
	0.020
	2.85
	2.03-3.99
	<0.001

	2018
	0.86
	0.74 -1.00
	0.056
	1.15
	0.65-2.05
	0.623
	4.04
	1.82-8.96
	0.001
	1.26
	0.99-1.60
	0.055
	1.55
	0.97-2.46
	0.065
	1.49
	0.97-2.27
	0.063


[bookmark: _Hlk155364692]All relative risk ratios are adjusted for age (as a categorical variable in five categories, <5, 5–10, 11–15), sex and study site. No survey was conducted in 2016.
Abbreviations: Pf, Plasmodium falciparum; Pm, Plasmodium malariae; Po, Plasmodium ovale, RRR; relative risk ratio. Non-falciparum mixed infection (Pm/Po) category was omitted due to consistently low frequencies observed over the years
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[bookmark: _Hlk149646806][bookmark: _Hlk153993643]Supplementary Figure 4. Multinomial logistic model adjusted predicted probabilities Plasmodium infections overtime. A) P. falciparum mono-infection, B) P. malariae mono-infection, C) P. ovale mono-infection, D) P. falciparum + P. malariae mixed infection, E) P. falciparum + P. ovale mixed infection, F) P. malariae + P. ovale mixed infection, G) P. falciparum + P. malariae + P. ovale mixed infection.  The model predicted the probability of infection over time. Predictions are adjusted for age, sex and study site with all covariates at their respective means. The error bars indicate the 95% confidence interval of the prediction. No surveys were conducted in 2016.






PCR

Pf	<	5 years	5-10 years	11-15 years	41.145559642669468	48.568398727465535	53.122987765614937	Pm	<	5 years	5-10 years	11-15 years	13.137151865475566	18.854718981972429	19.86477784932389	Po	<	5 years	5-10 years	11-15 years	7.7771939043615346	8.4199363732767765	6.1493882807469413	Overall	9	13	10	7	9	9	43.352601156069362	51.304347826086961	55.537669027688338	


Microscopy

Pf	<	5	5-10 years	11-15 years	26.116657908565422	27.613997879109224	21.410173857050868	Pm	<	5	5-10 years	11-15 years	3.6258539148712563	2.5026511134676563	1.1268512556342563	Po	<	5	5-10 years	11-15 years	0.68313189700472932	0.33934252386002117	0.19317450096587252	Overall	26.642143983184447	28.250265111346767	21.957501609787506	Age group





Ungoye

PCR	2012	2013	2014	2015	2017	2018	56.167176350662587	77.661431064572426	59.838895281933254	71.641791044776113	77.567140600315952	63.306451612903224	Microscopy	2012	2013	2014	2015	2017	2018	34.14882772680938	55.497382198952884	40.046029919447641	50	30.489731437598738	37.903225806451616	


Mfangano

 PCR	7	7	8	9	7	8	6	7	7	9	7	8	2012	2013	2014	2015	2017	2018	42.82744282744283	39.772727272727273	46.587537091988132	44.206008583690988	43.027522935779814	41.498791297340851	Microscopy	5	5	4	7	6	5	5	4	4	6	5	4	2012	2013	2014	2015	2017	2018	20.85932085932086	23.18181818181818	25.667655786350146	17.453505007153076	19.724770642201836	10.556003223207092	Year
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