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ABSTRACT

In March 2020, the first covid-19 cases have been detected in Malaysia. Since then,
number of Covid-19 infection in Malaysia has grown relatively until Malaysia become
the highest number of positive cases in Southeast Asia. Previous studies have been
done to analyse the airborne transmission of infection in different closed spaces. This
information is important for many sectors to take any relevant action in order to
minimize infection. This study is focusing on estimating the potential risk of Covid-19
infection among passengers on Boeing B737-800 aircraft. The aim of this study is to
calculate secondary infection for Covid-19 virus in the Boeing B737-800 aircraft due to
airborne transmission. Aircraft are preferred over other enclosed spaces like trains and
buses because they require passengers to spend longer time in the enclosed spaces
during flight without any interruption between the journeys. A major risk to passengers
in a cabin could be posed by massive droplets and airborne transmissions given the
high density and close proximity of passengers. The Wells-Riley model is used in this
study because it has been frequently used for quantifying the infection risk assessment
of infectious illnesses in indoor settings. In this study the secondary risk of infection is
calculated for every susceptible passenger flying for one, two, three- and four-hour’s
journey. The relationship between exposure time and number of infected people are
positive linear relationships. This means that the longer time a passenger is exposed to
the infected people in the cabin, the higher chance of the passenger getting infected
by the virus. The reproduction number is estimated to be 2 passengers when the
exposure duration is less than 2 hours for 80 passengers. This estimation indicates that
the reproduction rate of secondary infection is high. Therefore, it can be concluded
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that there is a high chance passengers may get infected in the aircraft and the risk will

Keywords: increase when the exposure time is increasing. The best alternatives for protection are
Airborne; aircraft; infection; Covid-19; wearing mask and face shield, social distancing and sanitizing hands frequently. An
Wells-Riley model improvement in ventilation also seems to be effective to prevent infection.

1. Introduction

In the end of the year 2019, the world has been shocked by the Covid 19 virus. Since then,
numerous studies have been conducted to determine the factors that contribute to the infection and
stay in closed spaces with infected individuals for a predetermined amount of time is one of them.
An aircraft is one form of public transit that is required for prolonged stays in enclosed spaces. Airline
passengers will be more at risk due to the infection compared to others public transport. Considering
the high density and near proximity of passengers, large droplets and airborne transmissions may
represent a significant risk to passengers in a cabin.

According to the World Health Organization [1], airborne transmission is described as the spread
of an infectious agent through droplet nuclei (aerosols) that remain infectious when suspended in air
over long distances and time. These would also be influenced by numerous factors, especially in
enclosed interior environments, such as the ventilation system, air temperature, relative humidity,
and social distance Zhao et al., [2] The widespread air in confined spaces enhances the risk of
infection. The virus can be spread in crowded, poorly ventilated indoor areas where people
frequently spend longer periods of time. According to Yan et al., [3], diseases that contain infectious
pathogens (such as influenza and tuberculosis) that are released by index patients through coughing
or sneezing would cause direct person-to-person infections during the flight travelling. Furthermore,
it is essential to understand their transport behaviours in the cabin environment to make accurate
predictions regarding the likelihood of infection for each individual passenger Olsen et al., [4].

Covid-19 caused a variety of symptoms. According to Sykes et al., [5], the most frequently
reported symptom was breathlessness, experienced by 60% of individuals who noted an increase
compared to their pre-COVID-19 condition. Other prevalent symptoms included muscle pain (51.5%),
anxiety (47.8%), severe fatigue (39.6%), low mood (37.3%), and sleep disturbances (35.1%). Despite
the mild to moderate symptoms that most Covid-19 patients experience, the condition can
occasionally cause serious medical problems and even death. According to Harvard Health Publishing
Harvard Medical School [6], after contracting the coronavirus, some children have been developing
a disorder known as multisystem inflammatory syndrome in children (MIS-C). It may result in issues
with the heart and other vital bodily organs that are potentially life threatening. Data from John
Hopkins Medicine [7] shows that of more than 3,000 persons between the ages of 18 and 34 who got
Covid-19 and became ill enough to need hospital treatment, 21% spent time in intensive care, 10%
were given breathing assistance, and 2.7% passed away. The risk of dying from Covid-19 increases
significantly with age Centres for Disease Control and Prevention [8].

The Wells-Riley model in an epidemiological study on a measles outbreak was developed by Riley,
C.E., Murphy, G. and Riley [9]. Several studies used the Wells-Riley model to evaluate infection risk
in a variety of situations such Yan et al., [10] and Zhang et al., [11]. According to Vernez et al., [12],
they overcome the issues of Covid-19 by constructing a unique spatiotemporally resolved Wells-Riley
model for predicting the transmission risk of distinct Covid-19 variants in indoor environments. It has
also been applied to a variety place of risk Covid-19 analysis study, including estimating the SARS-
CoV-2 transmission probability and evaluating the impact of environmental characteristics and
individual intervention on epidemic prevention Chen et al., [13] by using Monte Carlo simulation and
the improved Wells-Riley model. Furuya [14] discussed on quantify the public health risk related with
inhaling infectious pathogens during train commute in Japan using a model based on the Wells-Riley
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model. A study from Ahmad et al.,, [15] used the Wells-Riley model to estimate the secondary
infection caused by airborne transmission in public transport where it focuses on the KTMB train.
Furthermore, Stephens [16] developed a study on air conditioning (HVAC) filtration and the Wells-
Riley approach to assessing risks of infectious airborne diseases in buildings. The author describes
and uses a modified Wells-Riley approach to estimate the effect of generally accessible HVAC
filtration on the transmission of infectious disease. Guo et al, [17] mentioned assessing and
controlling infection risk with Wells-Riley model and spatial flow impact factor (SFIF). The intent of
the author is to develop a novel approach to analyse the spatial distribution of probability of infection
(P1) to optimize the placement of persons (infected and exposed), and facilities (such as air purifiers),
in a closed area.

Based on previous literature, there are limited studies focusing on airborne transmission in
aircraft. As the number of passengers onboard is increasing, the chances of getting infected by Covid-
19 is quite high, especially in an enclosed area. As a response, the findings will assist Malaysia Airlines
in developing regulations that will ensure that the aircraft are properly taken care for the passengers
who use their aircraft service. The data will be significant to determine the risk of these diseases to
the general population. It is also important to educate people about Covid-19 awareness, particularly
in enclosed areas and to minimize the spread of airborne infections. Wearing surgical masks and
exercising hand hygiene remain the most effective ways to lower the risk of transmission for
passengers on planes [18]. Thus, the aim of this study is to present some theoretical findings about
the Covid-19 infection caused by airborne transmission in aircraft, particularly the Boeing B737-800
model. The main objectives are to evaluate the probability of Covid-19 infection on different time
exposure in the aircraft and to calculate the reproduction number of secondary infection for Covid-
19 virus by using Wells-Riley model.

2. Methodology

As stated in introduction, the Wells-Riley model is well known for offering an accurate estimation
of the risk of airborne infection under well-mixed and steady condition. Thus, the Wells Riley is
defined as Eq. (1):

p=2=1-¢°l @ (1)
S

where P is probability of infection for susceptible people, I is the initial number of infectors, D is final
number of infectors that caused by I, S is total number of susceptible people, g is quantum
generation rate (quanta/h) of an infected person, p is breathing rate per person (m3/h), t is total
exposure time (h), Q is outdoor air supply rate (m3/h) and v is volume of the ventilated space (m?3).

The term "quantum" is used to refer to the "infectious dose," which is the average number of
infectious particles that it takes to infect (1 —e™!) susceptible person when inhaled by all
susceptible individuals at a rate of one quantum. By referring to Eq. (1), there are a few pieces of
information that need to be set first before evaluating the probability of COVID-19 infection at
different times of exposure in the aircraft. The initial number of infectors considered in this study
was one. The total exposure time was calculated as the total number of hours the infectious person
spent on the aircraft. By considering the nature of the Boeing B737-800, which focuses on domestic
flights, it is considered to be from one (1) to four (4) hours only. On the other hand, the number of
susceptible people was assumed to be equal to the total number of passengers on a flight at any
given moment. Here, based on the size of Boeing B737-800, the number of passengers recommended
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are 166 with 16 business class, 144 economy class and 6 cabin crew. According to Chua [19], the
breathing rate per person is used as a specific case, while the volume of ventilated space is 234m3
[17].

In general, in order to achieve the primary objectives, it requires the following steps:

i.  Obtain the fraction of indoor air that was exhaled by the infector.
ii.  Calculate the quantum generation rate of an infected person.
iii.  Determine the probability of Covid-19 infection at different times of exposure in the
aircraft.
iv.  Then determine the reproduction number of the secondary infection for Covid-19 virus.
The outdoor air supply rate, Q can be calculated by using Eq. (2):

Q=" (2)

where f is fraction of indoor air that exhaled by infector, n is total number of people in the ventilated
airspace, p is breathing rate per person and Q is outdoor air supply rate.

However, since the fraction of indoor air that exhaled by infector (f) are still unknown,
alternatively the outdoor air supply rate (Q) can be calculated from prior study from Furuya [14] by
using the relationship between the outdoor air supply rate, Q and the volume of the ventilated space,
v given by Eq. (3),

2-13. (3)

From the perspective of statistics, Riley believed that the average probability of infection was
subject to Poisson distribution, hence quanta (q) was defined as the quantity of infectious particles
capable of infecting 63.2 percent of susceptible persons in an indoor setting based on Chen [13]

In order to make the Wells-Riley equation more applicable to big interior spaces, such as
hospitals, aircrafts, and others, Eq. (2) was substituted into Eq. (1). Thus, the model has been reduced
to Eq. (4),

Iv_ﬂ[l_i<1_e(—’l—pft)>]

n npt

D
P = E =1-—e¢ (4)

After some modifications, the probability of Covid-19 infection on different time exposure in the
aircraft can be calculated by using Eq. (4). On the other hand, the reproduction number of secondary

infection for Covid-19 virus can be related with the probability of infection, where the relationship is
stated in Eq. (5).

R= (n-1P (5)
such that R is the average number of secondary infected people by one primary infected patient
during the infectious period and P is probability of infection for susceptible people. According to

Furuya [5], the fundamental reproductive number (R) in the limited airspace may be calculated when
I=1,S=n-1.
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Based on the calculations, when R > 1, the infection is spreading at a faster pace through people,
whereas R < 1 indicates that the infection is disappearing. R = 1 indicates that the infection has
stabilized at a regional level [4].

3. Results

This section will provide the results that have been calculated after the data entered in Section

Boeing B737-800 can accommodate 166 passengers with 16 business class, 144 economy class
and 6 cabin crew. In order to calculate the fraction of indoor air exhaled by infector f, the value of Q
is calculated from Eq. (3) and by assuming v = 234m3. Thus, Q = 3042m3.

Table 1 presented the fraction of indoor air that exhaled by infected people, f. This value is
different based on the number of passengers on board.

Table 1

Fraction of Indoor Air That are Exhaled by Infector Based on the Number of
Passengers

Number of passengers, n  Fraction of indoor air that exhaled by infected people, f
80 0.012886259

100 0.016107824

120 0.019329389

140 0.022550953

166 0.026738988

Table 1 presents the calculated result for fraction of indoor air exhaled by the infector, f for each
number of passengers, n is the same for different time exposures (1 to 4 hours). Thus, by considering
the f values obtained, the probability of infection for susceptible people, P can be calculated by

using Eq. (4) for the total exposure 1 hours, 2 hours, 3 hours and 4 hours. The results are illustrated
in Figure 1.

3.1 Probability of Infection for Susceptible People Against Time Exposure

The line graph in Figure 1 shows the probability of infection for susceptible people against time
exposure. The probability of infection for susceptible people, P increased as the time exposure
increased. The line graph rose up as the time elapsed between 1 hour to 4 hours. The probability of
infection for susceptible people, P at 1 hour time exposure is 0.009353021. Then, the probability of

infection for susceptible people, P gradually increased to 0.019386812, 0.029318955, 0.039150501
in 2 hours, 3 hours and 4 hours respectively.
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Probability of infection for susceptible people (P)

Fig. 1. Graph probability of infection for susceptible people
against time exposure

In order to determine the reproduction number of secondary infections, R, the number of
secondary infections that arise which is R when a single infectious case is introduced into susceptible
people in a close space by assuming there is 1 infector. By using the P obtained, it is possible to
estimate the reproduction number of secondary infections, R by considering Eq. (5). R is calculated
forn = 80,100,120,140,166 and fort = 1, 2, 3,4 with respect to its P from Figure 1. The results
are then demonstrated as in Figure 2 and Figure 3, where Figure 2 illustrates the reproduction
number of secondary infection against time exposure based on number of passengers and Figure 3
illustrates reproduction number of secondary infection against number of passengers.

3.2 Reproduction Number of Secondary Infection Against Time Exposure Based on Number of
Passengers

Figure 2 shows the reproduction number of secondary infection, R against time exposure based
on the number of passengers. The graph only shows the risk of infection on 2 different numbers of
passengers in an aircraft. The blue line indicates the scenario where there are 80 passengers in an
aircraft and the orange line represents 140 passengers in an aircraft.
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s (R)

Fig. 2. Graph reproduction number of secondary infection
against time exposure based on number of passengers

The reproduction number of secondary infection, R for both 80 passengers and 140 passengers
increase linearly with the amount of time a susceptible person spends with an infected person. The
reproduction number of secondary infection, R for 80 passengers and 140 passengers in 1 hour is
0.738888674 and 1.300069945 respectively. Next, the R increased to 1.53155817 and 2.694766907
in 2 hours. Then, it still rose t0 2.316197466 and 4.075334782 in 3 hours. In 4 hours, the reproduction
number of the secondary infection, R still increasing to 3.092889541 and 5.441919572 for 80

passengers and 140 passengers respectively.

3.3 Reproduction Number of Secondary Infection Against Number of Passengers

The graph on Figure 3 shows the reproduction number of secondary infections, R against the
number of passengers based on the time exposure. The graph also shows that more people are

getting infected when the exposure time is increased.

Reproduction number of second infections (R}

0 20 40 60 80 100

Number of Passenger (n)

—&— 1 Hour 2 Hour 3 Hour

Fig. 3. Reproduction number of secondary infection against

number of passenger
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The line graph above shows the reproduction number of secondary infections, R against the
number of passengers (n) based on the time exposure (t). The graph shows the risk of infection on
5 different numbers of passengers which are 80, 100, 120, 140 and 166 passengers in an aircraft
within 4 hours. The blue line represents passengers in the aircraft for 1 hour, the orange line
represents passengers in the aircraft for 2 hours, the grey line represents passengers in the aircraft
for 3 hours and the yellow line represents passengers in the aircraft for 4 hours.

With the amount of time a susceptible person spends with an infected person, the reproduction
number of secondary infection, R grows linearly for all passengers within 4 hours. In 1 hour, the
reproduction number of secondary infections R is 0.738888674 for 80 passengers, 0.925949098 for
100 passengers, 1.113009522 for 120 passengers, 1.300069945 for 140 passengers, 1.5432484962
for 166 passengers. Then, in 2 hours, the reproduction number of secondary infections R is
1.53155817 for 80 passengers, 1.919294416 for 100 passengers, 2.307030662 for 120 passengers,
2.694766907 for 140 passengers, 3.198824026 for 166 passengers. In 3 hours, the reproduction
number of secondary infections R is 2.316197466 for 80 passengers, 2.902576571 for 100
passengers, 3.488955677 for 120 passengers, 4.075334782 for 140 passengers, 4.837627619 for 166
passengers. Lastly, in 4 hours, the reproduction number of secondary infections R is 3.092889541 for
80 passengers, 3.875899551 for 100 passengers, 4.658909562 for 120 passengers, 5.441919572 for
140 passengers, 6.459832586 for 166 passengers. The graph reveals that more people are getting
infected when the exposure time is increased.

3.4 Discussion

The time of exposure and the numbers of passengers are adjusted to determine the impact of
environmental conditions. Since the spread of infection caused by airborne is affected when
passengers are crammed inside an aircraft. This study estimates the probability of infection for
susceptible people in the aircraft for 4 hours. The results showed a positive linear relationship, such
that the longer the time, the higher the probability of getting infection. Based on the probability value
obtained, this study focuses to calculate the value of R, which indicates the secondary number of
people getting infected to Covid-19 during airborne transmission in the aircraft. The reproduction
number is estimated to be around 1 passengers when the exposure duration is less than 2 hours for
80 passengers or less than 1 hour for 166 passengers. Since the reproduction rate of secondary
infection is high, it indicates that the risk of secondary infection is not under control. According to
Olsen et al., [4], R is sensitive to the number of passengers as the exposure period increases, and it
is not on the epidemic control scale because if the reproduction number of secondary infections, R
greater than 1, the spread of the epidemic cannot be controlled. The fact that it is known that if the
R is more than 1, a disease may grow in this environment and the infection is spreading at a faster
pace through people. Therefore, if even one of the passengers in this region is susceptible, then
others may get ill as well.

4. Conclusions and Recommendations

In conclusion, the result from the calculation evaluated indicates that the risk of secondary
infection is not under control and that the secondary infections reproduction rate is high. Based on
the results, almost all of the reproduction numbers of secondary infection, R for every hour in
different numbers of passengers are greater than 1. This indicates that the infection is spreading at
a faster pace through people by Olsen et al., [4]. Therefore, it may be concluded that there is a
significant risk that passengers will become ill inside the aircraft, and that risk will increase as
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exposure time’s increase. As recommendation for the future study, researchers can calculate the risk
on an international flight using Wells-Riley model and including other elements like sanitising hands
frequently, face shield, wearing mask, vaccinated people and social distancing for the international
flight. According to Tretiakow, Tesch, and Skorek [20], keeping a safe distance and wearing protective
gear like face shields, masks, and goggles could significantly reduce the spread of the SARS-CoV-2
virus in the environment.
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