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Abstract: In order to study the within—host dynamics of COVID-19 and analyze the differences between
critical and severe patients, a target cell limited—immune response (TCL-IR) model was proposed. Firstly, the
TCL-IR model was constructed based on the target cell limited model and the immune response model, and
the expression of within—host reproduction number was obtained; secondly, some parameters in the model
were determined according to the existing research, and then other unknown parameters were estimated by
the adaptive Metropolis algorithm; finally, the differences between critical and severe patients were analyzed
according to the obtained results. The results showed some differences in immune response and viral load
between critical and severe patients. The T cell proliferation coefficient and immune apoptosis rate were
0.652 and 4.137x107, respectively, in critical patients, and were 0.266 and 3.283x107°, respectively, in se—
vere patients. The viral load in critical patients reached a peak value of 7.20x10* copies/mL around 35 days
after infection, and the viral load in severe patients reached a higher peak value of 1.38x10° copies/mL
around 28 days. Based on result analysis and literature review, the study found that the severity of some
critical patients was not due to a high viral load, but to their own excessive immune response. Therefore, im—
munomodulatory strategies should be considered in the treatment of critical patients.
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Fig.1 The TCL-IR model
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Fig.3 The number of immune cells

Data is from reference [21]. The x—axis depicts the detection time of the blood samples.
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Table 1 Parameter estimation results

Parameter Critical Severe
r 0.652 0.266
Sy 0.035 0.007
B 2.917x107* 6.797x10*
3 4.137x10°® 3.283x10™°
p 4.909 5518

i HHAORA T A R Fem e 8 KRR ik A A
FE A TRE JAEILH RE

Notes: The parameters are, in order, T cell proliferation coef-
ficient, target cell natural apoptosis rate, infection rate, im—
mune apoptosis rate and virus replication coefficient.
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Fig.4 The model simulation results

The x—axis depicts the detection time of the blood samples.
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Table 2 The AIC values of the models

AIC

Model Critical Severe
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Literature model 1 57.33 58.12
Literature model 2 67.17 62.19
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Fig.5 The results of the profile likelihood method
The x—axis depicts the change of parameter values.
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