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abstract
In controlling outbreaks of COVID-19, the number of daily confirmed infected cases is useful in deducing parameters to determine 
emergency management actions such as locking down the cities. However, complicated mathematical models with ordinary 
differential equations are involved. Resources including manpower and data accessibility are needed. The parameters deduced 
are always challenged by stakeholders, particularly those from servicing and tourist industry. A simple parameter is proposed 
to describe the extent of infection by estimating the transient daily infection number divided by the time. The daily infection 
number in Hong Kong is used to illustrate the approach. This will not require large-scale long-term observation and mathematical 
modeling or computation.
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introduction

There were difficulties in handling hundred thousands 
of COVID-19 infected citizens in Hong Kong from 
2019 to 2023 [1]. Appropriate control policy [2-9] 
would protect citizens better, particularly the children 
and the elderly. Infected patients might need medical 
treatment but the healthcare system was already 
overloaded. Tight control is needed otherwise it would 
affect the normal operation of the healthcare system, 
as was once encountered in February and March 
2022, in the outbreaks in Hong Kong. Close gathering 
such as catering or entertaining at pubs, and traveling 
around might lead to rapid spreading of the disease. 
These activities might have to be tightly controlled, 
depending the severity of epidemic. Monitoring the 
infection number and forecasting with simple but useful 
parameters are thus needed in deciding the appropriate 
control policy.

A prediction model can be developed from stochastic 
modeling or deterministic modeling. Physical principles 
are required with medical information input. The SIR 
type of models starts from basic assumptions and can 
be applied only for confirming long-term mass data 
[10]. The parameters inside have to be adjusted through 
medical observations. This requires solving a system of 

ordinary differential equations for the simple SIR model, 
or the modified versions.

The parameters concerned are complicated, though 
they can be simplified to describe the possible 
number of infected persons by one confirmed case. 
Basic reproduction number and the doubling time of 
the infection are regarded as important parameters 
in COVID-19 outbreak, affecting the epidemic wave. 
Analysis on the epidemic curve employing statistical 
models to estimate the number of cases [11] might be 
useful to determine points of major changes in a wave. 
The process is very complicated and parameters involved 
have to be updated [12] from a curve fitting exercise, 
and have to be updated frequently. However, large-
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scale long-term observations with clinical decisions 
are required. The process is very complicated and 
parameters involved come from a curve fitting exercise, 
and have to be updated frequently. As the situation is so 
complicated, a simpler approach monitoring the daily 
I(n) curve (number of infected on the nth day) is more 
desirable. Emergency management strategy, mitigation, 
containment or others can be worked out based on this 
curve.

A parameter is needed to indicate the rise or the fall 
of infection. The rise tendency in I(n) might indicate 
possible infection from other countries with huge 
number of confirmed cases. More stringent inspection 
procedure to implement at entry points is then needed. 
The fall trend of I(n) might justify relaxing entry 
inspection and other gathering restriction schemes.

The 5th wave

Taking the 5th wave [1, 9] in Hong Kong as an example, 
the daily I(n) curve is plotted using the government 
data in Figure 1 (taking 1 August 2022 as day 1). It is 
observed that the situation is severe in the first 50 days. 
By that time, the vaccination rates among Hong Kong 
citizens are low. Testing to identify infected cases is 
another nightmare. Pool tests [13-15] are required to 
handle huge number of suspicious infections.

Figure 1: (a) Daily infection number in the 5th wave in Hong 
Kong. (b) Daily infection since 1 August 2022.

Proposed parameter

A parameter α is proposed and defined as the ratio of 
I(n) divided by n:

          

(1)

where n is the number of days from the start of the wave, 
and I(n) is the number of infected cases on the nth day. 
This parameter α shows how fast infection increases, 
the higher the value, the higher the I(n) and shorter the 
time to reach it.

The transient variation of α computed from equation 
(1) is plotted against n in Figure 2.

Figure 2: (a)  in the 5th wave in Hong Kong. (b)  since 1 
August 2022.

After going through the peak, I(n) drops as n increases, 
giving smaller α. The value of α dropping to an agreed 
value, say 30% of peak as in above, can give how long it 
takes the infection number I(n) to drop. The downfall 
trend of α might justify relaxing entry inspection and 
other gathering restriction schemes. On the other hand, 
an increase of α would indicate how fast virus spreads.

Discussion

The Omicron BA.5 subvariant is very infectious [16] and 
keeping the number I(n) high in August 2022. Increase 
in I(n) in August is shown in Fig. 1a, and in α in Figure 
2a. The number appears to be large up to the end of 
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December (day 140 in Figure 1(b) and Figure 2(b)), but 
the Omicron and new variants are not so toxic. Even α is 
kept high as after August in Fig. 1a, blocking regulations 
can be relaxed even I(n) increased.

The uprising tendency in α might include imported cases 
from other countries too. More stringent inspection 
procedure to implement at entry points might be needed 
if there are new toxic variants.

The simplicity of the present study is a trade-off of the 
details of the disease spreading dynamics. It does not 
provide the transient dynamics of the spreading of an 
infectious disease. Thus, it might not be able to measure 
the effect of vaccination etc. There are numerous 
studies which attempted to explain transmission 
dynamics based on data recorded in the COVID-19 
pandemic in some countries. Wu et al. [17] and Tang 
et al. [18] applied the Susceptible Exposed Infectious 
Recovered Model (SEIR) to determine the fundamental 
reproductive number of COVID-19.

Recently Youssef et al. [19] proposed a new statistical 
model, which is a modified SEIQR (Susceptible-Exposed-
Infected-Quarantined-Recovered) pandemic model, 
to study the dynamics of the spreading of COVID-19. 
The model is based on rigorous mathematics and the 
results of the model were verified by COVID-19 data in 
Saudi Arabia. This proposed model is of great value in 
monitoring the spreading of an infectious disease like 
COVID-19.

conclusions

The parameter α can be applied to study the infection 
trend using reported data by the government. This is 
useful to monitor the infection trend, particularly upon 
relaxation of blocking or inspection regulations to 
control COVID spread for variants not so toxic.
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