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Abstract
With seemingly no end to the global pandemic in sight, high expectations are growing for the development of
medicines to treat COVID-19, in addition to the vaccination which has been carried out recently. In Japan also,
development of such medicines is accelerating and now four COVID-19 medicines have been approved.
There is, however, concern that the COVID-19 medicines are not always effective, so that, in the present paper, we
investigate the consequence of incomplete treatment of COVID-19-infected patients by constructing a simple
intertemporal theoretical model. Main result we obtained is that incomplete treatment of infected patients increases
number of the infected people, which is equivalent to say “worse than nothing”.
Keywords: development of medicines to treat COVID-19, failure probability of treatment, steady state number of the
infected individuals, transmission rate of the coronavirus, worse than nothing.
1. Introduction
With seemingly no end to the global pandemic in sight, high expectations are growing for the development of
medicines to treat COVID-19, in addition to the vaccination which has been carried out recently. In Japan also,
development of such medicines is accelerating and now four COVID-19 medicines have been approved.
There is, however, concern that the COVID-19 medicines are not always effective, so that, in the present paper, we
investigate the consequence of incomplete treatment of COVID-19-infected patients by constructing a simple
intertemporal theoretical model, extending theoretical models such as Guo (2020), Fujita (2020a,b,c) and so on. The
model of the present paper is also inspired by numerous empirical studies, which revealed impacts of the COVID-19 on
various economic aspects such as consumption, stock market, uncertainty, tax policy, leadership styles and so on
(Baker, Bloom, Davis, Kost, Sammon, & Viratyosin, 2020; Baker, Farrokhnia, Meyer, Pagel, & Yannelis, 2020; Baker,
Bloom, Davis, & Terry, 2020; Watanabe, 2020; Bandara & Weerasooriya, 2021; Ramadhanti & Kularajasingham,
2021).
The question we pose here is whether we can prevent the spread of COVID-19 by the treatment that is not necessarily
complete. Different from Fujita (2021), which investigated the consequence of prevention measures such as
vaccination, the present paper focuses on the treatment of the patients who had positive PCR tests.
Structure of this paper is as follows. Section 2 lays out the basic model and section 3 derives number of the infected
individuals in the steady state. Concluding remarks are made in section 4.
2. Method
Let us consider an intertemporal economy where time passes continuously and the time horizon is infinite. The
economy consists of N individuals, of whom n(t) individuals in period t are infected with the coronavirus. For the sake
of simplicity, we assume that all the infected individuals do not present symptoms and that x individuals, whether they
are infected or not, randomly take PCR tests in every period.
In the present paper, those who tested positive get treatments, which are incomplete in a sense that failure probability of
the treatment is p×100 %, i.e., p×100 % of the positive individuals remain positive even after getting treatments. We
also assume that those who were treated successfully can be infected again in the same period. In the setting of the
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present paper, number of those who are infected and take PCR tests is
unsuccessfully and hence are still positive after the treatment is

𝑛(𝑡)
𝑁

𝑝𝑛(𝑡)𝑥
𝑁
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𝑥, so that number of those who were treated

, while number of those who were treated

successfully (and hence are not positive anymore after the treatment) but can be infected again in the same period is
(1−𝑝)𝑛(𝑡)𝑥
𝑁

.

Thus, we can classify those who are infected as in Figure 1.

Figure 1. Classification of the infected
3. Results
In the present paper, we assume each of the treated-but-still-positive individuals, thinking falsely that they are not
infected any more, transmits the virus to α individuals, of whom a fraction of {1−
since among the n(t) individuals who were infected,

(1−𝑝)𝑛(𝑡)𝑥
𝑁

(1−𝑝)𝑛(𝑡)𝑥
𝑁

𝑛(𝑡)−

𝑁

} is newly infected,

can be infected again by the above assumption. We also

assume, for the simplicity of analysis, that those who did not receive PCR tests keep avoiding the Three Cs carefully,
and hence do not transmit, even if they are infected, the virus to any individuals.
Thus, we can express the motion of number of the infected individuals as
𝑛(𝑡)

n(t+1)=n(t)-(1-p)

𝑁

𝑝𝑛(𝑡)𝑥

x+

𝑁

α{1−

(1−𝑝)𝑛(𝑡)𝑥
𝑁

𝑛(𝑡)−

𝑁

}.

(1)

Letting n* denote the steady state number of the infected individuals and substituting n(t+1)=n(t)= n* into equation (1),
we have the condition n* should satisfy as
𝑛∗

𝑝𝑛∗ 𝑥

(1-p) x =
𝑁

𝑁

α{1−

𝑛∗ −(1−𝑝)
𝑁

𝑛∗
𝑥
𝑁

}.

(2)

By solving n* with respect to (2), we get
𝑛∗ =

1−𝑝
)𝑁
𝑝𝛼
𝑥
1−(1−𝑝)
𝑁

(1−

.
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Since the graph of (3) is drawn on the x-n* plane as in Figure 2, we have the following proposition.
.

Figure 2: Graph of n* as a function of x
Proposition: The steady state number of the infected people, n*, is an increasing function of the number of
treatment of the infected individuals, x.
From Proposition, we can say that the more we treat the infected individuals, the more the number of the infected
people is, if the treatment is incomplete.
4. Discussion
The present study investigated theoretically the consequence of incomplete treatment of COVID-19-infected
individuals, to obtain the result that the incomplete treatment of the infected individuals always increases the number
of the infected people, which is equivalent to say “worse than nothing”.
In the present paper, we assumed away the economic aspect in order to focus on the treatment of COVID-19-infected
individuals. Thus, it is necessary to examine the robustness of our results in a more general framework that
incorporates the economic activities. It is also of interest to investigate the compound effects of the vaccination and the
treatment of COVID-19. We will undertake such analyses next.
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