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Abstract: The outbreak of coronavirus disease 2019 (COVID-19) has become a global public health crisis
due to its high contagious characteristics. In this article, we propose a new epidemic-dynamics model
combining the transmission characteristics of COVID-19 and then use the reported epidemic data from
15 February to 30 June to simulate the spread of the Italian epidemic. Numerical simulations showed
that (1) there was a remarkable amount of asymptomatic individuals; (2) the lockdown measures
implemented by Italy effectively controlled the spread of the outbreak; (3) the Italian epidemic has
been effectively controlled, but SARS-CoV-2 will still exist for a long time; and (4) the intervention of
the government is an important factor that affects the spread of the epidemic.
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1. Introduction

In December 2019, a new type of coronavirus pneumonia (COVID-19) broke out in Wuhan,
China. Since then, there have been cases of infected individuals in various regions of the world.
On 30 January 2020, the WHO listed COVID-19 as an “emergency public health event of international
concern” [1]. According to the official statistics of the World Health Organization, as of 30 June 2020,
the outbreak of COVID-19 has caused 10,193,723 confirmed cases and 503,867 fatalities globally [2].
The epidemic-prevention situation is extremely severe, and the number of confirmed cases in South
Korea, Iran, the United States, and other countries continues to increase, while in Europe, Italy has
become the “severe disaster country” of the epidemic. The collapse of the medical system [3] and the
high proportion of the elderly population [4] make the mortality rate in Italy much higher than in other
regions. According to the official report of the Italian Ministry of Health, as of 30 June 2020, the outbreak
of COVID-19 has caused 240,578 confirmed cases and 34,767 fatalities in Italy, and the mortality rate is
approximately 14% [5]. In view of the rapid spread of the epidemic nationwide, the Italian government
took proactive prevention and control measures. On 10 March 2020, Italy implemented a lockdown
measure nationwide.

Scientific and effective calculation of the spread tendency of the epidemic is crucial to
the decision on epidemic prevention and restriction. It should rely on theoretically perfect
models, reasonable parameters, and accurate predictions. The mathematical models generally
advocated to describe the spread of infectious diseases include the Susceptible–Infectious–Recovered
model (the SIR model), Susceptible–Exposed–Infectious–Recovered model (the SEIR model),
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and Susceptible–Infectious–Diagnosed–Recovered model (the SEIJR model). The main idea is to
divide the population into groups such as susceptible, latent, infectious, diagnosed, and recovered
ones. We have established differential equations according to the propagation mechanism among
various groups and then revealed the spreading laws of the epidemic. The dynamic model is modeled
according to the transmission of disease, and the model is interpretable and expandable. Game theory
continues to be an effective tool to model intervention decision making by individuals [6]. Chang et al.
used game theory to introduce the decision making of individuals into the SIR model and then get
the effect of the vaccination on the epidemic [7]. Over the years, numerous research projects and
promotions have been built on the original SIR model to meet different epidemic characteristics. As the
global epidemic becomes more severe, a more complete infectious-disease model is urgently needed.
Many scholars have adopted the infectious-disease-dynamics model for COVID-19 [8–14]. Based on
the traditional SEIR model, the population is divided more concretely. Here, we will briefly review the
following articles.

The recent work of Tang et al. [8] proposed a deterministic compartment model containing
isolation measures and epidemiological conditions, but this model implied that the latent patients
are not infectious and therefore does not reflect the dynamics of COVID-19. Yan et al. [9] proposed
an infectious-disease-dynamics model based on the time-delay dynamic system, which introduced
the time-delayed processes of incubation, recovery, and fatality. However, they did not consider
the different types of infected people (symptomatic or asymptomatic), and the definition of patients
during the infectious incubation period was not clear. Wu et al. [10] considered traffic factors based
on the traditional SEIR model and predicted the number of total cases imported from Wuhan, China,
but they did not explicitly consider the impact of quarantine measures in the dynamic. Chen et al. [11]
presented an improved epidemic-dynamics model. They combined the multiple characteristics of
the new coronavirus but ignored the death process and the difference in the infectiousness of the
patients with different symptoms, which cannot be applied to some areas with a high mortality rate.
Wang et al. analyzed the impact of the resumption of work on the epidemic in each city by controlling
the regeneration number [12]. Due to the uniqueness of COVID-19 and the diversity of outbreaks
in different countries, different types of infected individuals require different prevention and control
measures, which in turn lead to different fitness and predictions. In addition, most scholars model
under the assumption that prevention and control measures are unchanged, but, in fact, different
measures will affect the spread of the epidemic to varying degrees [13], so the simulation results will
deviate from the actual situation.

To meet the aforementioned issues and realistically reflect the transmission mechanism of
COVID-19, we comprehensively consider the characteristics of COVID-19 (numerous asymptomatically
infected individuals, different infectious carriers have different infectiousness) and government
intervention measures based on the traditional SEIR model and propose a new epidemic
model. The model divides the incubation period into quarantined and nonquarantined,
adding asymptomatically infected individuals (IA). Meanwhile, we take the difference between
asymptomatically and symptomatically infected individuals into account as well as the death process
of infected individuals. We build a model called the SEIR_QJD model (SEIR with Quarantined, Dead,
and Diagnosed) based on the Italian epidemic data and parameterize it with public data. Parameter
analysis can reflect the effects of policy interventions and reveal the inherent laws of epidemic
transmission. With these parameters, the modified model may renovate the development of the
epidemic analysis and accurately predict the trend of the epidemic. Simultaneously, we simulate the
time when the government takes measures and further explore the impact of the government response
on the scale of the epidemic.
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2. SEIR_QJD Model

The traditional SEIR model (Figure 1) only divides the population into four categories: susceptible
(S), exposed (E), infected (I), and recovered (R), which could not describe the transmission law of
COVID-19 well.
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Figure 1. Susceptible–Exposed–Infectious–Recovered (SEIR) epidemic-dynamics model.

In view of the uniqueness of the disease, we designed a new dynamic model to characterize
COVID-19:

1O Infected individuals during the incubation period are infectious [14].
2O There is a large proportion of asymptomatic infected individuals [15].
3O The rate of infection is different between symptomatic and asymptomatic individuals [15].

The new dynamic model comprehensively covers the government’s containment measures
(lockdown of key epidemic areas, school suspension, and suspension of noncritical production
activities) and the classification of infected people (symptomatic and asymptomatic). The model
consists of eight objects in the proposed model: susceptible (S), exposed (E), quarantine-exposed (EQ),
asymptomatic infected (IA), symptomatic infected (I), diagnosed (J), recovered (R), and dead (D);
we call it the SEIR_QJD for short, and the process is shown in Figure 2.
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Figure 2. Process illustration.

For the purpose of conciseness, we denote S(t), E(t), EQ(t), and so on as the amount in the
corresponding states at time t. The specific process is described as follows:

• Infection: Every primary case (including E, IA, and I status) with infectiousness will transmit the
virus to its secondary cases at time t; that is, if a primary case contacts a susceptible individual,
the susceptible individual will be infected with a certain probability.

• Quarantine: Due to the government’s prevention and control measures (suspension, work stoppages,
restrictions on the diagnosed individuals, etc.) and people’s self-precautionary awareness
(self-isolation), each individual in status EQ and J will be isolated. Note: we assume that the
quarantined individuals cannot contact the susceptible ones; namely, it is not contagious.

• Symptom Onset: Individuals in states E, EQ will become symptomatic after the infectious
incubation period and will transition to states I and J at the rate of λ.

• Recovery: Individuals in states IA, I, and J will recover at rates of γA, γI, and γJ, respectively.
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• Death: Individuals in states I and J will die at rates of δI and δJ, respectively. Note: as the
mortality rates of asymptomatic and mild-symptomatic individuals are extremely low, the death
of asymptomatic infections is not included.

Meanwhile, we get the dynamic model defined by the following differential equations:

dS(t)
dt

= −S(t)lβ(E(t) +ωII(t) + IA(t)) − S(t)(1− l)β(E(t) +ωII(t) + IA(t)) (1)

dE(t)
dt

= S(t)(1− l)β(t)(E(t) +ωII(t) + IA(t)) − λE(t) (2)

dEQ(t)
dt

= S(t)lβ(t)(E(t) +ωII(t) + IA(t)) − λEQ(t) (3)

dIA(t)
dt

= λρE(t) − γAIA(t) (4)

dI(t)
dt

= λ(1− ρ)E(t) − (δI + γI + α)I(t) (5)

dJ(t)
dt

= αI(t) + λEQ(t) −
(
δJ + γJ

)
J(t) (6)

dR(t)
dt

= γAIA(t) + γII(t) + γJ J(t) (7)

dD(t)
dt

= δII(t) + δJ J(t) (8)

3. Estimation of Model Parameters

Given the values of parameters l, β, wI,λ,ρ,α,γA,γI,γJ, δI, δJ and the initial conditions{
S(t0), E(t0), EQ(t0), I(t0), IA(t0), J(t0), R(t0), D(t0)

}
of each group, the evolution of the epidemic can

be simulated by Equations (1)–(8). The initial state t0 represents the time when the first batch of
infected people appeared (according to roughly 40% of asymptomatic individuals among infected
ones [14], we assume that five patients are symptomatic and three patients are asymptomatic). Because
the first cases discovered in Italy were all imported cases, we assume that E(t0) = 0, EQ(t0) = 0,
and J(t0), R(t0), D(t0) can be obtained from the reporting data. Besides, we set the initial value of the
susceptible E(t0) to unknown and estimate it together with other model parameters as described below.
Since the number of exposures available to susceptible people is limited, we do not consider the total
population of Italy as susceptible.

Since the SEIR_QJD model contains a relatively large number of parameters, the model could be
overfitted while the available data are limited, which will affect the results and mislead the epidemic
judgment. The proposed model consists of 11 parameters: l, β, wI,λ,ρ,α,γA,γI,γJ, δI, δJ, of which
γA,γI,γJ, δI, δJ are related to the clinical characteristics of the disease and can be prefixed by relevant
studies. Since the official report data show that R(t) and D(t) are only related to the diagnosed
individuals J(t), we can roughly estimate them from the related data with the approximate equation
γJ ≈ (R(t + 1) −R(t))/J(t), δJ ≈ (D(t + 1) −D(t))/J(t). The remaining parameters will be estimated
according to the model. By observing the trend chart of γJ and δJ, in Figures 3 and 4, respectively, it can
be found that the change in γJ over time is not significant, while that of δJ decreases continuously over
time. Meanwhile, in order to reflect the effects of government interventions and medical investment,
we will consider β and δJ as time-varying parameters, that is, β(t) = 1{t<T1+t′}β0 + 1{t>T1+t′}cβ0 and
δJ = f (t); see Figure 4 for specific functions of f (t). The time T1 is set to be the time when Italy
implemented the nationwide lockdown measure, t′ is the lag time of the implementation, and the time
T2 is set to the end of Italy’s lockdown measure.
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The likelihood function is obtained by assuming that daily confirmed cases are independent
Poisson random variables [10], that is:

L(l, β, wI,ρ, a) =
k∑

i=1

log
e−λiλi

∆Ji

∆Ji!
(9)

where ∆J is the newly confirmed cases per day and λi is the functions of model parameters
l, β, wI,ρ, a, S(0) based on the differential Equations (1)–(8). We use the Markov chain Monte Carlo
(MCMC) algorithm to fit the model based on Italian epidemic data from 15 February to 30 June
(see Appendix A), where noninformative uniform distributions are chosen as the prior distributions;
the specific information is in Table 1.

Table 1. SEIR_QJD parameter setting (Italy).

Parameter Definitions Search Range Estimated Mean Value

S(t0)
The initial value of

susceptible individuals 5× 105
∼ 1× 106 714, 253

l The probability of incubation
individuals being detected 0.10 ∼ 0.90 0.2495

β
The contact rate between susceptible

and incubation individuals
(roughly estimated by R0)

1.0× 10−7
∼ 1.0× 10−6 4.01× 10−7
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Table 1. Cont.

Parameter Definitions Search Range Estimated Mean Value

c1
Adjustment coefficient of β with the
government’s lockdown measures 0.20 ∼ 0.80 0.3068

c2
Adjustment coefficient of β with the

government lifting the blockade 1.00 ∼ 2.00 1.0949

wI
The infectiousness of symptomatic

individuals relative to incubation ones 2.0 2.0[12]

λ
The speed of individuals from exposed

to infected, which is the reciprocal of
the incubation period

1/5.3 1/5.9

ρ
The proportion of asymptomatic

individuals among all infected ones 0.10 ∼ 0.60 0.4099

α
The diagnosed speed of

symptomatic individuals 0.0 ∼ 0.5 0.0788

γA,γI
The recovery rate of
infected individuals 0.1 0.1[9]

γJ
The recovery rate of

diagnosed individuals 0.01887 0.01887

δI, δJ
The mortality rate of infected and

diagnosed individuals f (t) f (t)

4. Empirical Analysis

1. Fitting Effect: Based on the cumulative number of confirmed cases in Italy as of 30 June 2020,
we used the SEIR_QJD model for data fitting. The fitting effect of the model is measured by calculating
the average deviation between the actual and simulated cumulative number of confirmed cases
(Table 2). The curve fitting of Italian epidemic cases is shown in Figure 5.

Table 2. Model fitting effect.

Region Evaluation Index Distribution Range

Italy
The estimated deviation in the past 30 days. (%) −0.33~0.20%
The estimated deviation in the past 60 days. (%) −1.73~0.20%
The estimated deviation in the past 90 days. (%) −1.73~2.95%
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This paper evaluates the fitting effect of the model by calculating the deviation between the
simulated value and the real value (Table 2). The average deviation of the model in the past 90 days
was 0.86%, and the maximum deviation was controlled within 2.95%. Overall, the fitting effect of the
model was very good and, to a great extent, largely simulated the development of the Italian epidemic.

2. The duration of the epidemic is relatively long. With the change in government control, people’s
awareness of epidemic prevention, medical level, and other factors, the contact rate between susceptible
and infected people will also change accordingly. This paper describes the change by constructing a
time-varying function of the contact rate. During the implementation of the nationwide “lockdown
measures” in Italy, the time-varying parameters changed significantly (adjustment coefficient c_1 was
0.4364), while after the closure measures, the change of time-varying parameters was insignificant,
indicating that the epidemic situation in Italy was basically under control and there was no secondary
outbreak. Furthermore, according to the model (1–8), we used the regeneration matrix to get the
formula of the regeneration number:

Rc = [
β(1− ρ)wI(1− l)
δI + γI + a

+
βρwA(1− l)

γA
+
β(1− l)
λ

]S0 (10)

The regeneration numbers of the three stages were Rc0 = 2.9527, Rc1 = 0.7064, and Rc2 = 0.8204,
respectively, indicating that the government’s prevention and control measures suppressed the spread
of the epidemic effectively.

3. COVID-19 is a disease with strong spreading ability, which can be effectively controlled
under good public health conditions and quarantine measures. In order to analyze the impact of the
government’s response on the epidemic, this paper simulates four different situations by changing
the time of the government interventions, which is based on time-varying parameters (Figure 6).
The analysis showed that the government’s timely intervention measures could reduce the scale of the
disease significantly. This paper only takes Italy’s “closure measures” into account; in practice, it still
needs to be comprehensively considered according to the local epidemic situation.

Appl. Sci. 2020, 10, 4930 7 of 11 

Table 2. Model fitting effect. 

Region Evaluation Index Distribution Range 

Italy 
The estimated deviation in the past 30 days. (%) −0.33~0.20% 
The estimated deviation in the past 60 days. (%) −1.73~0.20% 
The estimated deviation in the past 90 days. (%) −1.73~2.95% 

2. The duration of the epidemic is relatively long. With the change in government control, 
people’s awareness of epidemic prevention, medical level, and other factors, the contact rate between 
susceptible and infected people will also change accordingly. This paper describes the change by 
constructing a time-varying function of the contact rate. During the implementation of the 
nationwide “lockdown measures” in Italy, the time-varying parameters changed significantly 
(adjustment coefficient c_1 was 0.4364), while after the closure measures, the change of time-varying 
parameters was insignificant, indicating that the epidemic situation in Italy was basically under 
control and there was no secondary outbreak. Furthermore, according to the model (1–8), we used 
the regeneration matrix to get the formula of the regeneration number: 

0
(1 ) (1 ) (1 ) (1 )[ ]I A

c
I I A

w l w l lR S
a

β ρ βρ β
δ γ γ λ
− − − −= + +

+ +
 (10) 

The regeneration numbers of the three stages were 0 2.9527cR = , 1 0.7064cR = , and 2 0.8204cR =
, respectively, indicating that the government’s prevention and control measures suppressed the 
spread of the epidemic effectively. 

3. COVID-19 is a disease with strong spreading ability, which can be effectively controlled under 
good public health conditions and quarantine measures. In order to analyze the impact of the 
government’s response on the epidemic, this paper simulates four different situations by changing 
the time of the government interventions, which is based on time-varying parameters (Figure 6). The 
analysis showed that the government’s timely intervention measures could reduce the scale of the 
disease significantly. This paper only takes Italy’s “closure measures” into account; in practice, it still 
needs to be comprehensively considered according to the local epidemic situation. 

 
Figure 6. Simulation of the spread of the epidemic. 

4. The proportion of asymptomatic and undetected patients in Italy is approximately 40%, which 
accounts for a relatively high proportion of total infected people. Therefore, the government needs to 
strengthen the detection of close contacts of cases. 

Overall, the model has good generalizability and can change the parameters according to the 
different regions to simulate the spread of the epidemic and provide scientific judgment for epidemic 
prevention and control decisions. 

C
um

ul
at

iv
e 

in
ci

de
nc

e

Figure 6. Simulation of the spread of the epidemic.

4. The proportion of asymptomatic and undetected patients in Italy is approximately 40%,
which accounts for a relatively high proportion of total infected people. Therefore, the government
needs to strengthen the detection of close contacts of cases.
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Overall, the model has good generalizability and can change the parameters according to the
different regions to simulate the spread of the epidemic and provide scientific judgment for epidemic
prevention and control decisions.

5. Discussion

In response to the characteristics of coronavirus disease 2019 (COVID-19), the infectiousness during
the incubation period, the specificity of a large proportion of asymptomatic infections, and the strong
government interventions, we proposed a SEIR_QJD epidemic-dynamics model that comprehensively
considers the characteristics of infectious diseases and the impact of overall prevention and control
measures to make it closely related to the reality.

According to the analysis results, the government intervention in Italy has effectively contained
the spread of the epidemic. At the same time, after the lifting of the blockade, the Italian epidemic
has not rebounded, indicating that the epidemic was controlled effectively. However, there is still a
long time until the epidemic is completely over, so the government should continue to strengthen the
prevention and control of the epidemic to avoid a second outbreak. In addition, due to the existence of
a large number of asymptomatic infected people, which has increased the difficulty of controlling the
epidemic, the government should strengthen the detection of the individuals who are asymptomatic
and strengthen the isolation of confirmed patients and the medical observation of close contacts.

Recently, the number of new confirmed cases per day in Italy has shown a slight increase,
so the maintenance of the current prevention and control measures is of great importance. Both the
infection rate and isolation rate measure the ability of the virus to spread, so blocking transmission
is the key. However, Italy’s restrictions have now been lifted; we advise citizens to reduce public
activities, strengthen self-protection, and wear masks when going out. People should seek medical
treatment or self-quarantine after developing symptoms such as fever and dry cough so as not to
spread the virus to others.
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Writing—Review & editing, H.H. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Natural Science Foundation of Hebei Province (Grant No. A2020202005).

Conflicts of Interest: The authors declare no conflict of interest.



Appl. Sci. 2020, 10, 4930 9 of 12

Appendix A

Table A1. Data from 15 February to 30 June 2020 (Italy) [5].

Date Incidence Cumulative incidence Prevalence Date Incidence Cumulative incidence Prevalence

15 February 2020 0 3 3 24 April 2020 3021 192,994 106,527
16 February 2020 0 3 3 25 April 2020 2357 195,351 105,847
17 February 2020 0 3 3 26 April 2020 2324 197,675 106,103
18 February 2020 0 3 3 27 April 2020 1739 199,414 105,813
19 February 2020 0 3 3 28 April 2020 2091 201,505 105,205
20 February 2020 1 4 4 29 April 2020 2086 203,591 104,657
21 February 2020 17 21 19 30 April 2020 1872 205,463 101,551
22 February 2020 55 76 75 1 May 2020 1965 207,428 100,943
23 February 2020 48 124 121 2 May 2020 1900 209,328 100,704
24 February 2020 105 229 222 3 May 2020 1389 210,717 100,179
25 February 2020 93 322 311 4 May 2020 1221 211,938 99,980
26 February 2020 78 400 385 5 May 2020 1075 213,013 98,467
27 February 2020 250 650 588 6 May 2020 1444 214,457 91,528
28 February 2020 238 888 821 7 May 2020 1,401 215,858 89,624
29 February 2020 240 1128 1049 8 May 2020 1327 217,185 87,961

1 March 2020 566 1694 1577 9 May 2020 1,083 218,268 84,842
2 March 2020 342 2036 1835 10 May 2020 802 219,070 83,324
3 March 2020 466 2502 2263 11 May 2020 744 219,814 82,488
4 March 2020 587 3089 2706 12 May 2020 1402 221,216 81,266
5 March 2020 769 3858 3296 13 May 2020 888 222,104 78,457
6 March 2020 778 4636 3916 14 May 2020 992 223,096 76,440
7 March 2020 1247 5883 5061 15 May 2020 789 223,885 72,070
8 March 2020 1492 7375 6387 16 May 2020 875 224,760 70,187
9 March 2020 1797 9172 7985 17 May 2020 675 225,435 68,351

10 March 2020 977 10,149 8514 18 May 2020 541 225,886 66,553
11 March 2020 2313 12,462 10,590 19 May 2020 813 226,699 65,129
12 March 2020 2651 15,113 12,839 20 May 2020 665 227,364 62,752
13 March 2020 2547 17,660 14,955 21 May 2020 642 228,006 60,960
14 March 2020 3497 21,157 17,750 22 May 2020 652 228,658 59,322
15 March 2020 3590 24,747 20,603 23 May 2020 669 229,327 57,752
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Table A1. Cont.

Date Incidence Cumulative incidence Prevalence Date Incidence Cumulative incidence Prevalence

16 March 2020 3233 27,980 23,073 24 May 2020 531 229,858 56,594
17 March 2020 3526 31,506 26,062 25 May 2020 300 230,158 55,300
18 March 2020 4207 35,713 28,710 26 May 2020 397 230,555 52,942
19 March 2020 5322 41,035 33,190 27 May 2020 584 231,139 50,966
20 March 2020 5986 47,021 37,860 28 May 2020 593 231,732 47,986
21 March 2020 6557 53,578 42,681 29 May 2020 516 232,248 46,175
22 March 2020 5559 59,137 46,638 30 May 2020 416 232,664 43,691
23 March 2020 4790 63,927 50,418 31 May 2020 355 233,019 42,097
24 March 2020 5249 69,176 54,030 1 June 2020 178 233,197 41,367
25 March 2020 5210 74,386 57,521 2 June 2020 318 233,515 39,893
26 March 2020 6153 80,539 62,013 3 June 2020 321 233,836 39,297
27 March 2020 5959 86,498 66,414 4 June 2020 177 234,013 38,429
28 March 2020 5974 92,472 70,065 5 June 2020 518 234,531 36,976
29 March 2020 5217 97,689 73,880 6 June 2020 270 234,801 35,877
30 March 2020 4050 101,739 75,528 7 June 2020 197 234,998 35,262
31 March 2020 4053 105,792 77,635 8 June 2020 280 235,278 34,730
1 April 2020 4782 110,574 80,572 9 June 2020 283 235,561 32,872
2 April 2020 4668 115,242 83,049 10 June 2020 202 235,763 31,710
3 April 2020 4585 119,827 85,388 11 June 2020 379 236,142 30,637
4 April 2020 4805 124,632 88,274 12 June 2020 163 236,305 28,997
5 April 2020 4316 128,948 91,246 13 June 2020 346 236,651 27,485
6 April 2020 3599 132,547 93,187 14 June 2020 338 236,989 26,274
7 April 2020 3039 135,586 94,067 15 June 2020 301 237,290 25,909
8 April 2020 3836 139,422 95,262 16 June 2020 210 237,500 24,569
9 April 2020 4204 143,626 96,877 17 June 2020 328 237,828 23,925
10 April 2020 3951 147,577 98,273 18 June 2020 331 238,159 23,101
11 April 2020 4694 152,271 100,269 19 June 2020 -148 238,011 21,543
12 April 2020 4092 156,363 102,253 20 June 2020 264 238,275 21,212
13 April 2020 3153 159,516 103,616 21 June 2020 224 238,499 20,972
14 April 2020 2972 162,488 104,291 22 June 2020 221 238,720 20,637
15 April 2020 2667 165,155 105,418 23 June 2020 113 238,833 19,573
16 April 2020 3786 168,941 106,607 24 June 2020 577 239,410 18,655
17 April 2020 3493 172,434 106,962 25 June 2020 296 239,706 18,303
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Table A1. Cont.

Date Incidence Cumulative incidence Prevalence Date Incidence Cumulative incidence Prevalence

18 April 2020 3491 175,925 107,771 26 June 2020 255 239,961 17,638
19 April 2020 3047 178,972 108,257 27 June 2020 175 240,136 16,836
20 April 2020 2256 181,228 108,237 28 June 2020 174 240,310 16,681
21 April 2020 2729 183,957 107,709 29 June 2020 126 240,436 16,496
22 April 2020 3370 187,327 107,699 30 June 2020 142 240,578 15,563
23 April 2020 2646 189,973 106,848
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