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Mul�plicity of infec�on (MOI) is a frequently
used term in virology which refers to the number
of virions that are added per cell during
infec�on. If one million virions are added to one
million cells, the MOI is one. If ten million virions
are added, the MOI is ten. Add 100,000 virions,
and the MOI is 0.1. The concept is

straigh�orward.

But here is the tricky part. If you infect cells at a MOI of one, does that mean that each
cell in the cutlure receives one virion?

The answer is no.

Here is another way to look at this problem: imagine a room containing 100 buckets. If
you threw 100 tennis balls into that room – all at the same �me – would each bucket
get one ball? Most likely not.

How many tennis balls end up in each bucket, or the number of virions that each cell
receives at di�erent MOI, is described by the Poisson distribu�on:

P(k) = e-mmk/k!
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In this equa�on, P(k) is the frac�on of cells infected by k virus par�cles, and m is the
MOI. The equa�on can be simpli�ed to calculate the frac�on of uninfected cells (k=0),
cells with a single infec�on (k=1), and cells with mul�ple infec�on (k>1):

P(0) = e-m

P(1) = me-m

P(>1) = 1-e-m(m+1)*

*this value is obtained by subtrac�ng from unity (the sum of all probabili�es for any value of k) the

probabili�es P(0) and P(1)

Here are some examples of how these equa�ons can be used. If we have a million cells
in a culture dish and infect them at a MOI of 10, how many cells receive 0, 1, and more
than one virion? The frac�on of uninfected cells – those which receive 0 par�cles – is

P(0) = e-10

= 4.5 x 10-5

In a culture of one million cells this is 45 uninfected cells. That’s why an MOI of 10 is
used in many virology experiments – it assures that essen�ally every cell is infected.

At the same MOI of 10, the number of cells that receive 1 par�cle is calculated by

P(1) = 10e-10

= 10 x 4.5 x 10-5

= 4.5 x 10-4
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In a culture of one million cells, 450 cells receive 1 par�cle.

How many cells receive more than one par�cle is calculated by

P(>1) = 1-e-10(10+1)

=0.995

In a culture of one million cells, 999,500 cells receive more than one par�cle.

Using the same formulas, we can determine the frac�on of cells receiving 0, 1, and
more than one virus par�cle if we infect one million cells at a MOI of 1:

P(0) = e-1 = 0.37 = 37% of cells are uninfected

P(1) = 1 x e-1 = 37% of cells receive one virion

P(>1) = 1 – e-1(1+1) = 26% of cells are mul�ply infected

An assump�on inherent in these calcula�ons is that all cells in a culture are iden�cal in
their ability to be infected. In a clonal cell culture (such as HeLa cells) the devia�ons in
size and surface proper�es are small enough to be negligible. However, in a
mul�cellular animal there are substan�al di�erences in cell types that a�ect
suscep�bility to infec�on. Under these condi�ons, it is experimentally di�cult to
determine how many virions infect di�erent cells.

High MOI is used when the experiment requires that every cell in the culture is
infected. By contrast, low MOI is used when mul�ple cycles of infec�on are required.
However, it is not possible to calculate the MOI unless the virus �ter can be
determined – for example by plaque assay or any other method of quan�fying
infec�vity.


