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Abstract

Background: Since the first level response to public health emergencies (FLRPHE) was

launched on January 25, 2020 in Heilongjiang province, China, the outbreak of COVID-19

seems to be under control. However, an outbreak of COVID-19 caused by imported case devel-

oped in Harbin during April 2020. Here, we provide an estimate of the COVID-19 outbreak size

in Harbin in April based on the number of found infected cases, assess the proportion of found

and unfound infected cases in infected cases and evaluate the effective reproduction number

which shows the transmission risk of COVID-19.

Methods: We used data from April 9 to April 30, 2020, on the number of found infected

cases from the outbreak in Harbin to infer the number of infections in Harbin in the outbreak

of COVID-19 and give the proportion of found and unfound infected cases in infected cases.

Data on found infected cases were obtained from the the reports of Health Commission of

Heilongjiang Province. A Susceptible-Unfound infected-Found infected-Removed model was

used to fit the data on found infected cases of COVID-19 in Harbin using the least square

method and simulate the transmission of COVID-19. The effective reproduction number was

estimated.

Results: The COVID-19 outbreak size estimated in Harbin in April reaches 174, where

54% of infected cases were found and 46% of infected cases were not found out. Our findings

suggest that the effective reproduction number decreased drastically in contrast with the value of

3.6 on April 9 after that the effective interventions were implemented by Heilongjiang province

government. Finally, the effective reproduction number arrived the value of 0.04 which is im-

mensely below the threshold value 1, which means that Heilongjiang province government got

the outbreak of COVID-19 in Harbin under control.

Conclusions: The COVID-19 outbreak size in Harbin based on the assumptions that infect-

ed people with COVID-19 in the incubation period have the same infectivity with infectious

people with COVID-19 could have been overestimated. As an increasing number of import-

ed infected cases got into China and a growing number of asymptomatic infected people were
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found, our study provides evidence that unfound infected cases would increase the risk of local

outbreak of COVID-19 in China.

Keywords: COVID-19 outbreak, Mathematical model, Effective reproduction number,

Harbin

Background

Since December 2019, the novel coronavirus (COVID-19) spread all provinces in China [1].

On March 2020, China government got the epidemic of COVID-19 under control by imple-

menting the first level response to public health emergencies (FLRPHE) and strict control mea-

sures [2]. However, the COVID-19 spread rapidly all over the world, and 3,224,079 confirmed

cases and 61,187 deaths were reported as of April 30, 2020.

The outbreak of COVID-19 in Harbin caused by an imported case and the first related case

was diagnosed and two asymptomatic cases were found on April 9 [3–5]. As of April 30, 68

confirmed cases and 23 asymptomatic cases were reported from the COVID-19 outbreak in

Harbin. On March 19, an American student (Han) carrying COVID-19 came back to Harbin

from New York, and then infected her neighbor (Cao) during confinement period. Due to the

infection within the family, Guo was infected with COVID-19, and then infected Chen by the

dine together. Subsequently, Chen with cerebral apoplexy sought medical advice in the second

hospital in Harbin and first affiliated hospital of Harbin medical university, which caused that

many patients, health care providers, doctors and nurses were infected with COVID-19, and

then led to the local outbreak of COVID-19 in Harbin. The important events related to the

outbreak of COVID-19 in Harbin are shown in Table 1.

Table 1. The important events related to the outbreak of COVID-19 in Harbin.

Date Event

Mar/19/2020 The American student (Han) arrived at Harbin from New York

Mar/27/2020 The dine together including Chen, Guo and Wang (Cao’s mother) was held

Apr/2/2020 Chen arrived the second hospital in Harbin and was in hospital

Apr/6/2020 Chen left the second hospital in Harbin, and arrived at the first

affiliated hospital of Harbin medical university and was in hospital

Apr/9/2020 One confirmed case and three asymptomatic cases were reported

Apr/10/2020 Chen was diagnosed with COVID-19

Apr/11/2020 Han was diagnosed with COVID-19

Apr/16/2020 Steering group for prevention and control of COVID-19 in Harbin

was set up by Heilongjiang Provincial Party Committee

Apr/28/2020 Han was defined as the infectious source of

the outbreak of COVID-19 in Harbin

Apr/28/2020 No new infected case was reported in Harbin

To estimate the transmission potential of COVID-19 in Harbin, the basic reproduction num-

ber and the effective reproduction number were considered. The basic reproduction number is

defined as the expected number of secondary cases produced by a single infection in a complete-

ly susceptible population [6,7]. While the effective reproduction number is the mean number of
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secondary cases an infected person can cause in a population where there is some immunity or

some intervention measures in place [8]. It is useful to compute the basic reproduction number

to estimated the transmission capacity of COVID-19 when the outbreak occurs. However, as

a result of interventions such as FLRPHE and isolation measures, the effective reproduction

number changes in time, and it is necessary to investigate the effective reproduction number to

combat COVID-19 [9].

To estimate the outbreak size of COVID-19 in Harbin, we established a mathematical model

explaining the transmission dynamics of COVID-19. Using the SIFR (Susceptible-Unfound

infected-Found infected-Removed) model, we estimated the effective reproduction number and

the epidemic size of COVID-19 in Harbin, and investigated the proportion of found and unfound

infected people in infected people.

Methods

Data source

In this study, parameters estimation were carried out using found infected cases from April

9 to April 30, 2020 in Harbin and the least square method by Matlab R2014a, and then the

effective reproduction number and outbreak size of COVID-19 in Harbin were estimated.

Data on found infected cases of COVID-19 from April 9 to April 30, 2020 in Harbin were

obtained from Health Commission of Heilongjiang Province [3]. The data set includes the

cumulative number of found infected cases, new found infected cases and cured cases. These

data used are from publicly available data sources.

Mathematical modelling

We estimated the effective reproduction number and outbreak size of COVID-19 based on

the found infected cases in Harbin in April 2020.

We established the SIFR (Susceptible-Unfound infected-Found infected-Removed) model

to describe the transmission dynamics of COVID-19 in Harbin. The report of the WHO-China

Joint Mission on COVID-19 [10] shows that the infected people in the incubation period has

infectivity. Susceptible people become infected people by contacting with unfound infected

people. Some infected people are found and treated in hospital, and unfound infected patients

with COVID-19 get the self-healing. Where unfound infected people includes infected people

in the incubation period, unfound asymptomatic and symptomatic infected people. We denoted

susceptible people by S, unfound infected people by I , found infected people by F , removed

people by R, respectively. Here we assumed that infected people with COVID-19 in the in-

cubation period have the same infectivity with infectious people with COVID-19, and found

infected people are quarantined and could not infect healthy people. Therefore, we established

the transmission dynamics of COVID-19 in Harbin which is given by
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dS(t)

dt
= −

βS(t)I(t)

S(t) + I(t) +D(t) +R(t)
,

dI(t)

dt
=

βS(t)I(t)

S(t) + I(t) +D(t) +R(t)
− γ1I(t)− pI(t),

dF (t)

dt
= pI(t)− γ2F (t),

dR(t)

dt
= γ1I(t) + γ2F (t),

where β is the transmission rate from susceptible to infected people, γ1 is the recovery rate of

unfound infected people, γ2 denotes the removed rate of infected people and p is the found rate

of infected people.

Using the next generation matrix theory [6, 7], the effective reproduction number was com-

puted as

Re(t) =
βS(t)

(γ1 + p)(S(t) + I(t) +D(t) +R(t))
.

Final size of the COVID-19 outbreak in Harbin was computed as

∫

t

0

I(t)dt =
1

γ1 + p
(S(0) + I(0)− S(t)− I(t)).

Using the least square method, we fitted our model with the found infected cases from April

9 to April 30, 2020 in Harbin and obtained the related initial values and parameter values in

Harbin which were shown in Table 2. Then we estimated the outbreak size of COVID-19 in

Harbin in April 2020 using our model. Finally, we estimated the effective reproduction number

Re(t) to understand and control the outbreak of COVID-19 in Harbin in April 2020.

Results

Firstly, we fitted our SIFR model with found infected cases using the least square method,

and the Mean Absolute Error (MAE) is 0.0562 (Fig. 1 ). The related initial values and parameter

values were shown in Table 2. Then we computed the basic reproduction number of 3.6 on

April 9, 2020. Fig. 1 shows that the cumulative number of infected people reached 174, the

cumulative number of found infected people was 94 and the cumulative number of unfound

infected people was 80.

The effective reproduction number Re(t) for our model was shown in Fig. 2. On April 9,

the effective reproduction number was 3.6 which was the maximum of Re(t). As time went on,

Re(t) decreased quickly and was less than threshold value 1 after April 15. Subsequently, Re(t)
arrived the minimum of 0.04 on April 30 which immensely below the threshold value 1. Where

the outbreak of COVID-19 is under control when the effective reproduction number Re(t) is

less than 1. This implies that the outbreak of COVID-19 in Harbin in April 2020 was under

control when effective interventions were implemented.
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Table 2. Related parameters and initial values in Harbin.

Parameter Values Descriptions Mean value Source

β The transmission rate of COVID-19 per day 0.8403 Estimated

p The found probability of infected people per day 0.1128 Estimated

γ1 The recovery rate of unfound infected people 0.1 [27]

γ2 The removed rate of found infected people 0.1 [27]

Initial Values Descriptions Mean value Source

S(0) Initial number of susceptible people 163 Estimated

I(0) Initial number of unfound infected people 11 Estimated

F (0) Initial number of found infected people 4 Data

R(0) Initial number of removed people 0 Data
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Figure 1: The simulated cumulative infected cases, simulated cumulative found infected cases,

simulated found infected cases and unfound infected cases in Harbin are shown using our model.

Parameter values and initial values are defined in Table 2.
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Figure 2: The estimated effective reproduction number of COVID-19 in Harbin in April 2020.

Parameter values and initial values are defined in Table 2.

Discussion

This is the first study to estimate the transmission potential of COVID-19 outbreak of in

Harbin in April 2020. The cumulative number of infected people finally reached 174, where

54% of infected people were found and 46% of infected people were not found out. Although

all close contacts tracked were detected, some infected people were not found out. Indeed,

the unfound infected people might be the infected people in the incubation period, unfound

asymptomatic and symptomatic infected people. It is dangerous for public health to ignore

unfound infected people. We must maintain vigilance against unfound infected people.

Our findings indicate that the effective reproduction number on April 9 got to 3.6 which is

consistent with the estimated value in China [11–14]. However, when effective interventions

were implemented by Heilongjiang province government, the effective reproduction number

Re(t) drastically dropped and finally reached 0.04 which is greatly below the threshold value 1,

which suggest that the outbreak of COVID-19 in Harbin in April 2020 was under control and

no subsequent outbreak in Harbin.

The mathematical modelling used in the study is analogous to the transmission dynamics

model of COVID-19 in [15–24]. The SIFR model help us to estimate the cumulative number

of infected cases of COVID-19 in Harbin in April and the effective reproduction number using

found infected cases. Nonetheless, there are several limitations. First, we assumed that infect-

ed people with COVID-19 in the incubation period have the same infectivity with infectious

people with COVID-19, which caused that the outbreak size of COVID-19 in Harbin was over-

estimated. Second, the detail interventions were not incorporated into our model, which might

lead to overestimate the outbreak size of COVID-19 in Harbin in April 2020. Third, very little

is known about the effect of temperature and precipitation on the transmission of COVID-19.
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Our estimation could be untrustworthy if temperature and precipitation have strong impact on

the transmission of COVID-19.

Conclusions

Using the published data and our mathematical model, we estimated the COVID-19 out-

break size in Harbin, and provided the proportion of found and unfound infected cases in in-

fected cases. The effective reproduction number was estimated based on the published data

and our mathematical model. Although the transmission of COVID-19 has been under control

in China, the epidemic situation of COVID-19 all over the world is serious. Now, an increas-

ing number of imported infected cases got into China and a growing number of asymptomatic

infected people were found, which might increase the risk of local outbreak of COVID-19 in

China. Therefore, we should stay alert in case that unfound infected people might cause lo-

cal outbreaks of COVID-19 in China such as the outbreak of COVID-19 in Harbin in April

2020 [25, 26].
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Figures

Figure 1

The simulated cumulative infected cases, simulated cumulative found infected cases, simulated found
infected cases and unfound infected cases in Harbin are shown using our model. Parameter values and
initial values are de�ned in Table 2.



Figure 2

The estimated effective reproduction number of COVID-19 in Harbin in April 2020. Parameter values and
initial values are de�ned in Table 2.


