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Background
e SARS-CoV-2 is the virus responsible for the COVID-19

pandemic.

e The virus infects the human respiratory tract and causes
illness ranging from asymptomatic to deadly.

e SARS-CoV-2 replication is influenced by environmental
factors, particularly temperature.

e Our goal is to quantify how temperature affects key viral
kinetic parameters.

e We can use mathematical models to characterize infec-
tions since mathematical modeling connects viral load
data to biological processes.

e By fitting a mathematical model to viral infections at
different temperatures, we can determine which parts of
the replication cycle are affected by temperature.

e I[dentifying temperature-sensitive parameters improves
understanding of infection dynamics.

e This can help predict how infection severity changes as
a patient’s temperature changes.

Experimental viral load data
e We use data from Wouters et al. (2024) Viruses.

e SARS-CoV-2 is collected from two immunocompromised
patients via nasal swabs taken at days 0. 134. 137. and
144.

e In vitro viral infections are performed in either Vero E6
cells overexpressing both TMPRSS2 and ACE2 or human
nasal epithelial cells (hNEC).

e Both assays are repeated at temperatures of 33 °C and
37 °C using the different virus isolates.

e The infections are monitored for 72 h by sampling of the
supernatant.

e Infectious viral load is measured via TCIDs5, assay.
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Viral dynamics model

e Viral dynamics models describe interactions between un-
infected cells, infected cells, and virus particles over time.

/ C virus clearance rate
infection rate N
A
p B ¢
B ML XK %
\%

RS
e ‘x(f/lrus)* \virus production rate

[)
> > e ES R
k i Dead

length of eclipse phase  length of infectious phase

e Equations for this model are given by:

T =-BTV
E =BTV — kE
I =kE - 61
V=pl—cV

e Variables represented in the model include: T, unin-
fected target cells; E, eclipse phase; I, productively in-
fected cells; V', free virus.

e Parameters represented in the model include: [, infec-
tion rate; k, eclipse phase transition rate; ¢, infected cell
death rate; p, viral production rate; ¢, viral clearance
rate.

Model fits
Vero E6 (33 °C vs 37 °C)
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Fitting the model to data

e We extract the data from Wouters et al. (2024) Viruses
using WebPlotDigitizer.

e We find the model best fit to each curve by minimizing
the Sum of Squared Residuals (SSR):

n

SSR = (y; — f(t: 0))

i=1

where y; are the experimental data points, f(t;; 0) are
the model predictions, and 6 is the set of parameters to
estimate.

e Parameter uncertainty is estimated via bootstrapping,
giving a distribution of values for each parameter.

e Bootstrapping uses shuffling of residuals to create 1000
surrogate data sets.

e Surrogate data sets are fit using the same minimization
procedure.

e This gives us 1000 alternative parameter combinations
that result in data with the same amount of error as the
original data set.

Best fit parameters

Best Fit Parameters 33°C

B k ] P [

Vero Blue 7.12288e-02 5.3208e-02 1.0071e-01 4.0435e+02 8.0688e+01

Vero Yellow | 4.38792e-02 3.5180e-02 8.6218e-02 7.1626e+02 le+01
hNEC Blue 1.72344e-02 3.8215e-02 1.0012e-04 2.0959e+02 5e+00
hNEC 6.64064e-03 | 7.0634e-021 8.3667e-04 1.4400e+03 2e+01

Yellow

Best Fit Parameters 37°C

B k ) p c
Vero Blue 7.50512e-2 1.1792e-01 1.7653e-01 2.5962e+02 6e+00
Vero Yellow 7.8156e-2 1.8971e-01 1.6742e-01 2.5426e+02 le+01
hNEC Blue 7.38696e-3 5.9505e-02 1.2351e-01 2.4780e+03 le+01
hNEC 1.62744e-2 5.5963e-02 2.0903e-01 1.1021e+03 le+01
Yellow

Temperature effects in hNEC cells

Bootstrap parameter distributions hNEC Blue

beta k delta
avg p = 5.24e-01 + 2.81e-01 (n=100, k=10) avg p = 1.67e-01 + 2.36e-01 (n=100, k=10) avg p = 3.63e-02 + 1.21e-01 (n=100, k=10)
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Parameter distributions largely overlap across tempera-
tures

Conclusions

e SARS-CoV-2 replication dynamics are temperature-
dependent in a cell-type specific manner.

e SARS-CoV-2 in Vero E6 cells shows strong temper-
ature dependence in 3, k, 0.

e SARS-CoV-2 in hNEC shows minimal temperature
dependence.

Temperature effects in Vero cells

Future directions

e Extend analysis to additional temperatures so that
we can determine the functional dependence of pa-
rameters on temperature.

e Examine other cell types and strains of SARS-CoV-2
to see if temperature dependence is the same.

Bootstrap parameter distributions Vero Blue

beta k delta
avg p = 9.36e-04 = 1.76€-03 (=100, k=10) avg p = 5.18e-04 + 7.22e-04 (n=100, k=10) avg p = 1.08e-01 + 1.83e-01 (n=100, k=10)
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avg p = 7.59e-02 = 1.40e-01 (n=100, k=10) avg p = 2.77e-01 * 2.81e-01 (n=100, k=10)
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Infection rate (/3), eclipse transition rate (k), and cell death
rate (0) vary with temperature.
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This project studies how temperature affects COVID-19’s
growth and spread in cells. Scientists know the virus be-
haves differently in cooler versus warmer conditions, but
it’s not clear which parts of the infection process are most
affected. To investigate this, we used mathematical mod-
els to analyze experimental data from infected cells at two
temperatures (33 °C and 37 °C). The model allowed us
to estimate how quickly the virus infects cells, reproduces,
and is cleared. We found that temperature changes some
of these processes in certain cell types but not others. This
work helps improve understanding of how environmental
conditions influence viral infections.




