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Abstract

At the end of 2019, a novel coronavirus was first identified. The outbreak subsequently spread rap-
idly to countries worldwide, posing severe challenges to public health systems and socio-economic
development. As the pandemic progressed, multiple variants of the virus emerged, among which
the Delta variant attracted significant attention due to their high transmissibility, strong infectivity,
and the greater challenges they posed to control measures. In response to these challenges, the Chi-
nese government continuously adjusted its containment strategies, including contact tracing, isola-
tion, and social distancing, to actively curb the spread of the disease. This study aims to evaluate the
effectiveness of COVID-19 control measures during the 2021 Delta variant outbreaks in Nanjing and
Yangzhou, Jiangsu Province. A discrete stochastic model with time-varying parameters was con-
structed to analyze the impact of various control measures on the dynamics of the epidemic. Using
particle iterated filtering algorithms, the model parameters were estimated through maximum like-
lihood estimation, achieving a good fit to the actual epidemic data. The study found that the Delta
variant exhibited extremely high transmissibility in its early stages, with initial reproduction num-
bers of 5.19 in Nanjing and 9.98 in Yangzhou. However, due to the rapid implementation of control
measures by the government, the effective reproduction number dropped below 1 within days. Sim-
ulations of different intervention scenarios demonstrated that isolation rates, mask-wearing rates,
and social distancing control significantly influenced the epidemic’s spread. Notably, Nanjing’s pre-
cise and rapid isolation strategies greatly reduced the scale of the outbreak. This research provides
a robust mathematical modeling framework and empirical evidence for the scientific evaluation of
control measures, offering valuable insights for future infectious disease policy-making.
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Figure 1. Flow diagram of the model
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Table 1. Definition of model parameters
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Figure 2. Histogram of newly confirmed cases in Nanjing and Yangzhou cities
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Table 2. Estimation of model parameters and initial values
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Figure 3. The fit between the newly confirmed cases and cumulative cases data of Nanjing and Yangzhou and the model
output, where the model output is based on 5000 simulation runs. The solid line represents the median, and the shaded areas
from dark to light represent the 50th, 75th, and 95th percentiles, respectively
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Figure 4. Estimation results of effective reproduction number based on model
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Figure 5. Estimation results of effective reproduction number based on data

5. ETRENANBLEHRMGITER

DOI: 10.12677/aam.2025.144224 1028 I3RS


https://doi.org/10.12677/aam.2025.144224

fil5e 55

5. i
5.1. BFEM. TMFHEERSOEMEERTEHEENF N

£ 2021 e Delta A2 bR pENE B AR, VT340 AR R 03 2 [12] 466 H BE I R i b 22 Uk i
PGSR RS, Pt A rTAa g BUFRPIF RARSE N AR ROR, BRI & & I i,
FERRAPRE Y . WL “URRRES —SUEN” ROR, JFIERF R DA, WP T M B, [, &
B BUAH SRR B9 A B IRV At S, IR il s =5, B S sfes A SR TR . £ A FLI7 T,
BURF R RSP G i, EORRAMIR D5 G50 . IS (AR, I f DR ims XU 28 525 A 1Ly
(g B A IHIE], A BURFAR ™ AT EIRPE it,  JFal )2 AR SR T 2 ot i i 1 R A
AR, AT DR B ) T BRI BRI 2 A% 4 XU

1009 = SHHHGIEERE 5001 = ZRiPmEIEIRE
pmIELL {E
pmIEZL{E — pmEZ;{E-20%
— pmk:Zk(H-40%
. —  pmE4{E-20% 400+ pmAi4;{5-60%
= — pmiE:Z:E-40% =
I’ I’
= pmIEZL{H-60% > 300+
o =
B 50 Bk
= =
% Ing 200
1B 7
254
\/ 100+
01 0- ] . i i ] i
0 10 15 20 25 0 5 10 15 20 25
Hﬁﬂ(2021fﬁ7ﬁ20H§8H12H) HIA(20214E7H20H £8H12H)
3007 = HmOIEERE ——  RiREBIERE
pMALZL (i 30004 pmEEZE
S —  pmIEZ(H-20%
— pm%?}c{a—ZO% — pm%é;%ﬁ—m%
——  pmIE4{E-40% pmAE4;(E-60%
% 2001 pPMEEL(5-60% % 2000
5 e
£ £
5§ 1001 5 10007
M~
/v/ \—r'\
0- - \-.—'-c—..__, 04
0 5 10 15 20 25 0 5 10 15 20 25
HHA(20214F7 H28HE8H21H) HHA(20214E7 H28H % 8H21H)

Figure 6. Simulation of new cases and cumulative case data under four different scenarios based on pm baseline values
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Figure 7. Simulation of new cases and cumulative case data under four different scenarios based on pd baseline values
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Figure 8. Simulation of new cases and cumulative case data under four different scenarios based on q baseline values
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