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Frequency-dependent competition between strains
imparts persistence to perturbations in a model of
Plasmodium falciparum malaria transmission.
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1 SUPPLEMENTARY TABLES AND FIGURES

Table S1. Epidemiological and genetic parameters used in stochastic simulations. Note that the size of the global var gene pool changes as the simulation
progresses (see Methods)

Symbol Type Description Values Unit
G, number var gene pool size  [1200, 1800, 2400, 3600, 4800,
at the beginning of the simulation 7200, 9600, 14400, and 19200]
l number epitopes G,/10 per locus
d time length of gene expression 6 days
b rate contact rate low = 44 bites per person per year
medium = 100
high =221
§ rate immune memory loss rate 0.001 per locus per day
m probability migrant proportion 0.26  percentage of local transmission
I rate mutation rate 1.42e-08 per parasite per locus per day
r rate recombination rate 1.8e-07 per parasite per gene per day
Ny, number host population size 10,000
c proportion maximum transmissibility 0.5 per bite
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Figure S1. Extinction probability (A) and mean prevalence during IRS (B) as a function of initial
gene pool size, under different transmission intensities (rows), and lengths of IRS (columns). In (A),
each point is the proportion of simulation runs for the given parameter combination (out of 50 runs)
that crashed before the IRS was lifted. In (B), each point shows the mean value (bars represent standard
deviation) of prevalence for those simulation runs that survived the IRS for the given parameter combination.
Blue and red colors depict generalized immunity (G, the neutral model) and specific immunity (S, NFDS),
respectively. It is clear that despite comparable prevalence, the parasite population is more persistent in the
immune selection scenario.
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Figure S2. Comparisons of the mean duration of infection over time between different selection
regimes given different transmission intensities. Box-plots summarize the distribution of the mean
duration of infection across different gene pool sizes and among replication runs. Highlighted areas
indicate the intervention (IRS) period. Shaded areas indicate the intervention (IRS) period. Negative years
correspond to times prior to IRS.

Frontiers 3



Supplementary Material

IRS: 2 IRS: 5 IRS: 10
500 1

1001 J#ﬁ4j- “wﬁ 5
200 1o+ L*ﬂ“ﬁwﬁ###ﬁ#ﬁv#ﬁ# W & ST e

0_
288: ¥ ++ ++H fled
300, ot HM’* . HM af
oo s Fisavimyy o “
500 A
400 A
o0 i Jfﬂ*#! ANMH##*’

100 Jas MornaeARARR s B e Do

MO] :SuelJ}

L]

Selection

- G
- S

wnipaw

ATy

-
-

‘. --_ﬁnﬁ

95% quantile value of
duration of infection

ybiy

202 5 10 15 -202 5 10 15 -202 5 10 15
Year

Figure S3. Comparisons of the 95th percentile of duration of infection over time between S and G
given different transmission intensities. Box-plots summarize the distribution of duration of infection
in its 95th percentile across different gene pool sizes and among replication runs. Highlighted areas
indicate the intervention (IRS) period. Shaded areas indicate the intervention (IRS) period. Negative years
correspond to times prior to IRS.
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Figure S4. Comparisons of the 5th percentile of PTS over time between between S and G. Box-plots
summarize the distribution of PTS in its Sth percentile across different gene pool sizes and among replication
runs. Highlighted areas indicate the intervention (IRS) period. Shaded areas indicate the intervention (IRS)
period. Negative years correspond to times prior to IRS.
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Figure S5. Mean prevalence of surviving runs after IRS as a function of the initial gene pool size
given different transmission intensity and length of IRS. Each point shows the mean value (across
replications) of the parameter combination with bars representing the standard deviation. Blue color
represents simulations under generalized immunity, while red color shows the results from specific
immunity.
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Figure S6. Principal component analysis (PCA) of network properties of var repertoire similarity
networks.. PCA over time shows how the structure of diversity changes in the 2D space of the PCs for S
and G under high transmission. The colors of the networks represent their relative time within the specific
time period (i.e., before, during and after IRS) in the simulation. Ellipses show the location of network
properties for pre-IRS layers. Parameters: gene pool size equals 9,600 and IRS lasts for 2 and 10 years.

Frontiers 7



Supplementary Material

wpcl Giobal custering coeticent| [
Median local clustering coefficient 4 =
Mean Fst
Median weighted local clustering coefficient Category »
Min Fst [ distances
Average measurement of the heterogeneity of the network
Entropy of component size distribution =
Diameter, length of the longest distance between any pairs of vertices - _
0 2 4
contrib
(® pe2 vowiarty | - [
Ratio of the two largest communities 4
Number of common communities - =
A->B<-C, the binary in-tree. 4 Category
Reciprocity, proportion of mutual connections = [ communities
Correlation between numbers of in and out edges for each vertex - = = g;gtirfu;e
A<->B<->C. [0 reciprocity
Average strength 1

5.0
contrib

o
o
N
w0
~
3
=
1S}
o

Figure S7. Contributions (in percentage) of network properties to the principal components as
shown in Fig. [S6| Top 10 properties are shown with a dotted line indicating the expected contribution
assuming all variables contribute equally. Color of the bars represents its category of network properties.
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