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Abstract

Due to non-specific symptoms following acute respiratory viral infections, it is difficult for many
countries without on-going transmission of a novel coronavirus to rule out other possibilities
including influenza in advance of isolating imported febrile individuals with a possible exposure
history. The incubation period helps differential diagnosis and up to two days is suggestive of
influenza. It is worth accounting for the incubation period as part of the case definition of novel
coronavirus infection.

Introduction

Two cases of severe respiratory infection have been confirmed as caused by a novel
coronavirus [1]. The case definitions have been issued by the World Health Organization
(WHO), mainly based on acute respiratory illness, pneumonia (or suspicion of pulmonary
parenchymal disease) and travel history [2]. To describe the clinical characteristics of the
novel coronavirus infection, the incubation period has played a key role in suspecting Saudi
Arabia and Qatar as geographic locations of exposure for the abovementioned two cases
[1,3] and comparing the possible length of the incubation period against known incubation
periods of human coronaviruses including that of the severe acute respiratory syndrome
(SARS) [3,4]. The present study intends to supplement that the incubation period can be
treated as more useful information for all countries without on-going transmission across the
world to distinguish the coronavirus infection from other viral respiratory infections, most
notably influenza.

Methods

Motivating case study

In Hong Kong, a 4 year-old boy from Saudi Arabia was admitted to a hospital equipped with
an isolation ward on 7 October 2012, suspected of novel coronavirus infection. He had a
fever, cough and vomiting, but did not have pneumonia. His father had a fever two days in
advance of the illness onset of the boy, but has recovered before they arrived in Hong Kong
on the date of admission [5]. In other words, assuming that the father was the source of
infection, the serial interval was 2 days, which is typically longer than the incubation period
[6,7], and thus, the incubation period was likely 2 days or shorter. On the following day of
admission, the boy tested negative for the coronavirus, but tested positive for influenza A
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(HIN1-2009) [5]. A similar event, but with two severe pneumonia cases, occurred in
Denmark where a cluster of febrile cases, with a travel history to the above mentioned
countries among a part of cases, led to a suspicion of the novel coronavirus infection.
However, later laboratory testing revealed that the respiratory illnesses were caused by
infection with an influenza B virus. We believe that the distinction between coronavirus and
influenza virus infections in these settings could have been partially made by considering the
length of the incubation period.

Bayesian model

Let £(46;) be the probability density function of the incubation period #of virus 7governed
by parameter 6;. The incubation period distributions for a variety of acute upper respiratory
viral infections have been fitted to lognormal distributions elsewhere [4,8] and are assumed
known hereafter. The median incubation periods of SARS, non-SARS human coronavirus
infection, and influenza A and influenza B virus infections have been estimated at 4.0, 3.2,
1.4 and 0.6 days, respectively [4]. It should be noted that the median incubation periods of
influenza have been estimated as shorter than those of coronaviruses. The incubation period,
f; is assumed to be independent across different viruses 7 Due to shortage of information, we
ignore the time-dependence and geographic heterogeneity in the risk of infection for all
viruses. The posterior probability of novel coronavirus infection (which is labelled as /=1)
given an incubation period # Pr(novel coronavirus|, is then obtained by using a Bayesian
approach:

. q1f1(1161)

Pr(novel coronavirus|f)= Zq T8 )

where g; denotes the prior probability of virus 7 (e.g. ¢;=Pr(novel coronavirus); the
probability that the novel coronavirus is responsible for acute respiratory viral infection with
unknown aetiology among all of such infections) which can be equated to the relative
frequency of virus 7infection during viral aetiological study (e.g. using the relative incidence
by aetiological agent) [9,10]. Since the observed data are recorded at daily basis, the
incubation period in (1) is discretized as,

t t—1
fie = [fiG100ds = [ fi@londz,  (2)
0 0

for £0.

Since the prior probability g; is unknown for imported cases with acute respiratory illness,
two conservative approaches, which would not lead to an underestimation of the probability
of novel coronavirus infection, should be taken. Such approaches include (i) allocating an
equal probability as the prior probability for all possible viruses (e.g. for a differential
diagnosis of two viral diseases, we allocate 0.5 for each) or (ii) using published viral
aetiological study result among those with an acute respiratory disease (e.g. using virus
detection results among influenza-like illness (ILI) patients). As an example for the latter
approach, the observed numbers of coronavirus infections and influenza A and B virus
infections among a total of 177 child ILI cases with known viral aetiology have been 12, 40
and 5 cases, respectively, in Madagascar [11]. Here we focus on this particular dataset
among children only, because a case of our interest in Hong Kong, which is used for the
exposition of our theoretical idea, was 4 year old. Moreover, we used the data from
Madagascar, because this study appeared as informative in closely investigating the
frequency of different types of human coronaviruses among child ILI cases [11]. It should
be noted that n=12 in Madagascar does not represent the frequency of novel coronavirus, but
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that caused by other human coronaviruses, while the estimation of the posterior probability
of novel coronavirus infection using equation (1) requires the prior probability of the novel
coronavirus. We use this figure for the novel coronavirus, only for now, for the exposition of
our theory.

Figure 1A shows the conditional probability of coronavirus infection given the incubation
period (based on equation (1)), in a setting where one has to differentiate coronavirus
infection from influenza virus infection, assuming an equal probability 0.5 for each of the
viruses. Assuming that the observed incubation period of the above mentioned child case in
Hong Kong is 2 days, the probability of non-SARS human coronavirus infection is smaller
than 0.1%. When using the incubation period of SARS as reference to represent the
incubation period of novel coronavirus, the probability of the coronavirus infection with 2-
day incubation period is 15.7%. In other words, the probability of influenza A given 2-day
incubation period is as high as 99.9% and 84.3% when comparing between influenza A and
either non-SARS or SARS coronaviruses, respectively, and various actions in the field
including case isolation, contact tracing and laboratory testing can account for this
probability (e.g. contact tracing may assume that new generations of cases would arise every
3 days on average as being consistent with influenza transmission). Influenza B virus also
yielded qualitatively similar results (Figure 1A).

It should be noted that the actual relative frequency of novel coronavirus is much smaller
than that discussed here due to the absence of substantial human-to-human transmission
events [3], while influenza A virus has already circulated in human population. Thus, the
posterior probability of novel coronavirus in reality would be much smaller than that
illustrated in Figure 1.

When we use the empirically observed frequency of human coronaviruses based on viral
aetiological study data among child ILI cases (Figure 1B), the probabilities of coronavirus
and influenza A and B virus are estimated at <0.1%, 65.7% and 1.4%, respectively. It is
remarkable that ILI with the incubation period of 2 days is most likely caused by influenza
A virus. However, novel coronavirus may be suspected if the incubation period is in the
order of 3-5 days.

Discussion

As demonstrated in the present study, the probability of infection with novel coronavirus can
be inferred from the incubation period of each single case with suspicion, which we believe
is useful for deciding an alert level of public health and strictness of movement restriction
and contact tracing among imported cases of acute respiratory viral infection, especially
with mild and non-specific symptoms. We have shown that the incubation period of 2 days
or shorter is strongly suggestive of influenza, while the incubation period from 3-5 days
could potentially be consistent with the incubation period of human coronaviruses. Of
course, the implementation of isolation measure, contact tracing and other interventions
would also depend on other factors including the perceived importance and cost of the
interventions, but we have shown at least that the incubation period would yield
supplementary information for differential diagnosis and decision making. We believe that it
is worth considering incorporating the incubation period into the case definition as soon as
the incubation period data are additionally collected.

In practice, the proposed approach fits case investigations (or outbreak investigations) in
which precise information of contacts is collected, because having an estimate of the
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incubation period is frequently the case. However, three common technical issues should be
discussed. First, as an infection event is not directly observable, multiple contacts can
always limit information on an incubation period in a straightforward way. For instance, we
cannot technically rule out the possibility that the child case in Hong Kong was exposed to
someone other than the father in advance of their travel to Hong Kong. Second, the
incubation period tends to be crude, especially for the first few cases, e.g., when the length
of travel with an exposure is long for imported cases. Third, one cannot guarantee that the
incubation period of a novel pathogen always falls nearby that caused by closely-related
pathogens. For instance, the incubation period of Escherichia coli 0104:H4 infection has
revealed a longer incubation period than that of £. co/i O157:H7 [12]. To address the second
and third points, it is essential to collect multiple datasets of the incubation period with a
brief exposure.

In addition to the improvement in differential diagnosis, there are important public health
implications. First, given that the incubation period distribution helps differential diagnosis,
especially when clinical signs and symptoms are non-specific, the distribution should be
estimated early during the course of an epidemic of any novel infectious disease. For this
reason, detailed travel history of imported cases should be explored, as it can inform the
incubation period distribution [8,13]. Moreover, outbreak reports, including case reports,
should explicitly and routinely document the detailed history of exposure (e.g. the length
and timing of exposure along with the illness onset date) among all cases. Second, the
overall risk estimate (e.g. the relative incidence) would be deemed essential to validate the
proposed Bayesian model (1), although in reality the prior probability considerably varies
with time and place. To understand the on-going risk of infection with a novel virus
explicitly, a population wide serological survey, which helps inferring at least the
cumulative incidence, would be a useful method to offer insights into the aetiology. Finally,
while estimating the relative probability of alternative aetiologies can help with diagnosis,
decisions on possible control measures (such as isolation of cases) could also be affected by
other concerns including reduction in the risk of larger outbreaks.
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Figure 1. Probability of coronavirusinfection given the incubation period of a case

The observed length of the incubation period of a case can partially help differential
diagnosis. A. The probability of coronavirus infection given the incubation period, when
comparing between coronavirus infection and influenza virus infection as possible
diagnoses. We use 50% for each of the two viruses (i.e. coronavirus vs influenza virus) for a
conservative argument to avoid an underestimation of the risk of novel coronavirus. Since
known coronaviruses are classified into severe acute respiratory syndrome (SARS)-
associated virus and non-SARS, and because influenza viruses are crudely classified as type
A and B viruses, there are four possible combinations for comparison. HCoV stands for
human coronaviruses other than severe acute respiratory syndrome (SARS), while Flu A and
Flu B stand for influenza A and B viruses, respectively. B. The probability of coronavirus
infection given the incubation period, using empirically observed viral aetiology data as a
prior information among influenza-like illness cases in Madagascar [11] with a total of
n=177 samples for those aged below 5 years. The observed number of isolates, i.e., Flu A
(n=40), Flu B (n=5), human coronaviruses (n=12) and others (n=120), were used to calculate
g; in equation (1). n=12 for ordinary human coronaviruses is used as if it gave the frequency
of a novel coronavirus, only for now, for the exposition of our theoretical idea. The
incubation periods of viruses other than influenza viruses and human coronaviruses were
assumed to be uniformly distributed from Day 1 to Day 10, for a conservative argument to

avoid an underestimation of the probability of novel coronavirus.
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