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Potential impact of rhinovirus prevalence on the growth rate
of SARS-CoV-2 at the population level
Theoretical derivation
Let ! be the prevalence of human rhinovirus (HRV) infections in the studied population. We
can then derive ! ∗ the prevalence of SARS-CoV-2 refractory cases as a function of the mean
duration of the refractory period "" :
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with "# the mean duration of the symptoms.
The presence of some individuals refractory to SARS-CoV-2 infection will have an impact on
the the effective reproduction of SARS-CoV-2. Compared with the basic reproductive
number $$ in the absence of refractory cases linked with past HRV infections, assuming that
refractory cases are fully protected from infection by SARS-CoV-2, the new effective
reproductive number becomes
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Assuming an exponential distribution for the generation interval, we can derive the growth
rate of SARS-CoV-2 cases for a given prevalence of HRV infections using the moment
generating function equation from (Wallinga and Lipsitch 2007):
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with *&'(|"*+,' the growth rate in the presence of rhinovirus and "& the mean of the
generation interval for SARS-Cov-2.
Combining with the previous equation we get:
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with * is the growth rate of SARS-Cov-2 in the absence of Rhinoviruses.

Interpretation
The presence of HRV-induced refractory cases leads to a reduction in the growth rate of
SARS-CoV-2 infections at the population level. The effect increases with the duration of the
refractory period and is also influenced by the generation interval of SARS-CoV-2 in the
human population. For a small value of growth rate, the presence of HRV can lead to a
negative growth rate, meaning that SARS-CoV-2 infections cannot take off in the population.
In contrast, would have grown exponentially in the absence of HRV. Fig. 1 shows how the
growth rate of SARS-CoV-2 infections decreases linearly as a function of the prevalence of
refractory cases in the population.

Figure 1. Growth rate of SARS-CoV-2 infections in a human population with co-circulation of
HRV leading to “refractory” individuals with short-term protection. Growth rate in the
absence of rhinovirus is assumed to be 2% per day. We assume a mean generation time of
SARS-CoV-2 infections of six days.

Example of impact
Assuming that the duration of common cold symptoms is eight days (consistent with
(Royston and Tapparel 2016)), a refractory period of seven days, and 5% of the population
display HRV-related symptoms.

A growth rate of 5% per day corresponds to a growth rate of:

* = ./0(1.05) ≈ 0.04879016
.
The growth rate in the presence of HRV is thus:
*&'(|"*+,' = ./0(1.05) ∗ (1 − 0.05 ∗ 7/8) − 0.05 ∗ 7/(8 ∗ 6) = 0.03936393
which can be expressed in percentage of increase per day:
< $.$./.0./. = 1.040149
so a 4% increase per day, corresponding to a reduction of 19.7%.
Figure 2 shows the impact expressed as a percentage reduction of the “base” growth rate as
a function of the proportion of HRV infections in the studied population and the duration of
the refractory period in days. For a growth rate of SARS-CoV-2 infections of 5%/day in the
absence of HRV, a prevalence of 13% of HRV infections would result in a reduction of 33% of
the growth rate for SARS-CoV-2 infections in the affected population if the refractory period
is seven days.

Figure 2. Reduction in growth rate for various prevalence of HRV infections in a given
population and different assumptions for the duration of the refractory period. “Base”
growth rate in the absence of HRV is assumed to be at a 5% increase per day. Colors show
the reduction in growth rate expressed as percentage.
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Supplementary Figure 1. ACE2 expression in ALI-cultures of HBECs. Representative light microscopy images of ACE2 expression
detected by immunohistochemistry at various times post infection. ALI-cultures were mock infected, infected with SARS-CoV-2
only, HRV only, and coinfected with SARS-CoV-2 and HRV. ACE2 is colored in brown. The scale bar indicates 50 µm.

