
coiaf: complexity of infection estimation with allele frequencies

Overview
In this work we present two new methods that use easily 
calculated measures to directly estimate the complexity of 
infection (COI) from within sample allele frequencies. We 
incorporate these methods into a software package: coiaf.

Background
• Computational models are increasingly used to help guide malaria control policy and 

are a key component in understanding the spread of malaria [1].

• The complexity of infection (COI) represents the number of genetically distinct 
malaria genomes or strains that can be identified in a particular individual and is a 
strong correlate of the level of transmission [2].

• Best existing approaches to estimate the COI rely on computationally intensive 
probabilistic likelihood and Bayesian models [3].

• Aim: Develop a rapid, direct measure to estimate the COI that works effectively on a 
set of loci, and at the genome-wide level.

Formulation
• For a biallelic SNP, we define the major allele as the allele that is most prevalent in 

a population and the minor allele as the allele that is least prevalent (less than 50%) 
in a population. 

• We define the population-level minor allele frequency (PLMAF) as an 𝑙-dimensional 
vector 𝑝 composed of the frequencies of the minor allele at each locus across a 
population, namely 𝑝 = 𝑝!, … , 𝑝" , where 𝑝# ∈ 0, 0.5 .

• We define the within-sample minor allele frequency (WSMAF) as the frequency of 
the PLMAF at each locus for a single individual infection.

• We denote the COI as 𝑘.
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Conclusions
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• We derived two different methods to estimate the COI, one which identifies the 
probability that a locus is heterozygous, and the other which identifies the expected 
value of the within-sample allele frequency given a site is heterozygous, which can 
be used to rapidly estimate the COI of a sample.

• We developed a software package in R, coiaf, which rapidly estimates the COI on a 
set of loci.

• On simulated data, our methods performed well for low COIs even when the 
coverage and number of loci was low (1,000 loci), allowing for accurate assessments 
using targeted and whole genome sequencing data.

• On real data, our methods perform comparably to the current state-of-the-art 
method, especially for COIs less than 5.

• The biggest advantage of coiaf is its computational efficiency, ease of use, and 
potential for further accuracy using read depth and per sample error rates.
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Methods
• Given sample allele 

frequencies 𝐷: { 𝑝#, 𝑤# ,
𝑖 = {1, … , 𝑙}, where 𝑝# is the 

PLMAF at locus 𝑖 and 𝑤# is 
the WSMAF at locus 𝑖

• We aim to estimate the COI of 
a sample. 

• We define 𝑉# a R.V. which 
takes the value of 1 if a site is 
heterozygous and 0 
otherwise.

• Variant Method: ℙ 𝑉# = 1 =
1 − 𝑝#$ − 1 − 𝑝# %

• Frequency Method:

𝔼 𝑊# 𝑉# = 1 = &!'&!
"

! ' &!
"' !'&! "

• These methods define a 
relationship between the COI 
and both individual and 
population level metrics.

Results

• We group our data into 𝑁 bins based on the PLMAF and compute the midpoint of 
each bin, �̂�(.

• For each bin, we determine the average 𝑣#, denoting the vector of averages as 
�̂�),(and the mean WSMAF for all heterozygous loci, �̂�+,(.

• Finally, we solve an optimization problem for each method:

• Variant Method: min
$

∑(,!- |(�̂�),( − 𝑓) �̂�( |. !/.

• Frequency Method: min
$

∑(,!- |(�̂�+,( − 𝑓+ �̂�( |. !/.

• We note that 𝑞 ≥ 1, 𝑓) ≜ ℙ 𝑉# = 1 , and 𝑓+ ≜ 𝔼 𝑊# 𝑉# = 1

coiaf: 3 seconds
THE REAL McCOIL: 40 minutes

*Measured by simulating data for 100 
samples with 1,000 loci. THE REAL 
McCOIL was run using 50,000 MCMC 
iterations.
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