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Modeling the asymptomatic infections for COVID-19 epidemic
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Abstract: The pandemic of emerging coronavirus disease 2019 (COVID-19) has been a serious threat to
public health. Specifically, the asymptomatic patients are not easily identified but contribute significant-
ly to coronavirus transmission. We used a previously developed SCIRA model with asymptomatic popula-
tions, fitted the model to the epidemic data and performed stochastic simulations. The results showed
that complete recovery of asymptomatic patients usually showed remarkable delays compared to that of di-
agnosed cases. The mutual contacts among populations can be significantly lowered under strictly con-
trolled measures to impede COVID-19 transmission. If strict interventions are only maintained for short
durations after curation of all diagnosed patients, there might be potentially a second outbreak owing to
asymptomatic patients. Therefore, strict interventions should be continuously implemented to impede po-
tential COVID-19 transmission even after diagnosed patients are all cured.
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Fig. 1 The ODE model was trained by epidemic data from Jiangxi province in 2020

The model training was based on COVID-19 epidemic data; Data were obtained from the daily report from Health Commission of

Jiangxi province; Blue curve: The model simulation ; Black dots: Epidemic data from Jiangxi province;

A: The model fitting to diagnosed patients ; B: The model fitting to cumulative recovered patients.

A — HigHl = JTCRERERGeE B
20 20
0.06F
10 10
ot
s 0 0 i 0.04
ﬁ K
) =
20 20 0.02}
10 10
0.00
Y T ——— —— b N 60
3H4H 3H24H 4H13H 3H4H 3H24H 4H13H FEIR K H
H H

B2 2020 45 V174 4 KA v 120 (1 AN JCAE BRIE e 5 3 352 1k
A: ARG (L@ ihZe) Fgis ] (sx @ih2e) sk . HLiEAT 1 000 L REALELL, BEHLVEHL 4 AUBES R T LI R ;
B: JCARARIEGE TSI B E K TEFT W 22 E A0 s R EEAN W o A&, i e/ IME 00 REZ A Hh 7 8K

Fig. 2 Temporal differences in complete recovery time for asymptotic and diagnosed patients in Jiangxi model in 2020

A: Representative trajectories of asymptomatic (red) and diagnosed (green) patients. Totally, 1 000 stochastic runs were performed. Four

sets of randomly selected trajectories were shown; B: Distribution of the delays for complete recovery of asymptomatic patients compared

with the time when the number of diagnosed patients first dropped to zero. The kernel density estimation was only performed between the

minimum and maximum of delays. The minimum in delays is zero. The dashed line indicates the median value for the distribution.
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Fig. 3 Temporal differences in complete recovery time for asymptotic and diagnosed patients in Jiangsu and Anhui model in 2020

HEIR R

A: Representative trajectories of asymptomatic (red) and diagnosed (green) patients. The regions where the numbers of
asymptomatic ‘A’ and diagnosed ‘I’ patients went back to zero were enlarged. 1 000 stochastic runs were performed and four sets of
randomly selected trajectories were shown for Jiangsu model; B: Distribution of the delays for complete recovery of asymptomatic pa-
tients. The kernel density estimation was only performed between the minimum and maximum of delays. The minimum in delays is ze-
ro. The dashed line indicates the median value for the distribution; C: Similar settings as panel (4) was applied for Anhui model ;
D: Distribution of delayed recovery of asymptomatic patients for Anhui model. The kernel density estimation was only performed be-

tween the minimum and maximum of delays. The minimum is zero. The dashed line indicates the median value for the distribution.
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Fig. 4 Epidemic features of asymptomatic patients in 2020

A: Temporal dynamics of asymptomatic (red) and diagnosed patients (blue); B: Distribution of delays in days from 1 000 stochastic

simulations. The time to peak for diagnosed patients has significant delays ; C: Temporal variations in asymptomatic fractions since

January 24. The shaded area indicated a 95% confidence interval ; D: Parameter distribution of top 200 fits among a total of 400 fits

with random starts. Distributions for self-recovery rate of asymptomatic patients (£) and transition rate from asymptomatic patients to

diagnosed cases (v,) were shown. p = 1. 045 6x107 by Mann—W hitney test.
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Fig.5 Effects of duration for strict interventions on potentially secondary COVID-19 outbreak

after diagnosed patients are all cured for the first time in 2020

A: A schematic representation of stochastic trajectories for diagnosed patients. The left black dot indicates the time point at which the

total diagnosed patients were cured (No diagnosed patients, D,). The right black dot shows the time when strict interventions were

relieved (No intervention start, D,). The scaling factor ¥ which quantifies the mutual contacts was set to be 1 before D, and

was set to be 3 at D,. F =1 represents strict control; F'=3 is a case study for relieved interventions. D = D, — D, quantifies

the strict intervention duration after ‘infection clearance’. Variations in ‘D’ have impact on secondary COVID-19 epidemic;

B: The proportion of outbreak based on 500 sets of stochastic simulations for each duration or ‘D’.
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